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A B S T R A C T   

One-Health risk assessments are integral to developing efficient responses to disease threats, including global 
pandemics. However, short timeframes, inadequate disease-specific information and an insufficient skill-base 
make it hard for inexperienced assessors to distinguish between a large portfolio of approaches. The wrong 
choice can detract from the disease response. Here, we present an interactive decision support tool to help with 
this choice. A workshop with participants from diverse professional backgrounds provided six themes that should 
be considered when deciding on the best approach. Questions based on these themes were then developed to 
populate a decision tree which guides users to their most appropriate approach. One-Health risk assessment tools 
and literature were used as examples of the different approaches. The tool provides links to these examples and 
short descriptions of the approaches. Answers are easily changed, facilitating exploration though different ap
proaches. The simple data structure of the tool means it is easy to update with more resources and approaches. It 
provides a valuable source of guidance and information for less experienced risk assessors.   

1. Introduction 

Risk assessments predict the spread and consequence of potential 
disease threats. They often heavily inform a country’s choice of disease 
response strategy. Where diseases vary in scope, from endemic diseases 
such as Salmonella to global pandemics such as SARS-CoV-2, so must the 
approach to risk assessment. One-Health risk assessment focusses on 
zoonotic disease threats, requiring collaboration between public health, 
veterinary health, food safety, and environmental health [1]. One- 
Health risk assessment approaches are varied and numerous, with 
ranging objectives and skill barriers. Thus, choosing the risk assessment 
approach that best suits the circumstances brings many challenges. 

Firstly, the number of approaches can be overwhelming. All risk 
assessment approaches along the qualitative-quantitative spectrum are 
different. Some differences are clear cut. For example, where stochastic 
risk assessments rely on good data and sufficient resources, qualitative 
risk assessments can use limited data in shorter timeframes [2,3]. Other 
differences are more subtle, such as those between semi-quantitative 
and qualitative disease prioritisation. There is even variation within 
approaches. For example, the United Kingdom (UK) and France have 
similar disease prioritisation frameworks with only country-specific 
differences [4,5]. Therefore, it can be challenging to recognise the 
nuance between similar approaches without thorough research. 

Secondly, risk assessors may require new skills to implement their 
desired approach. For example, quantitative modelling may be appro
priate, but the risk assessor may lack mathematical experience. If an 
answer is required quickly, a timely output with lower resolution may be 
preferred. Understanding and prioritising new training is challenging 
without prior knowledge of different methods. 

Thirdly, choosing an inappropriate approach can have unintended 
consequences, and may result in the implementation of an inappropriate 
control strategy. A previous study comparing the incursion risk of Af
rican swine fever into Finland compared to The Netherlands, found that 
each of the seven tools they tested yielded different relative risk scores 
under the same conditions [6]. In one scenario, one of the tools appeared 
to contradict all others by predicting a higher risk to Finland than the 
Netherlands. This tool only considered the risk of entry and not the 
subsequent exposure or consequence steps. Hence, if the risk question to 
be addressed needs to consider these steps then it would be inappro
priate to use this tool. It is important, therefore, that chosen approaches 
consider all the characteristics of the risk question. 

Despite the importance of risk assessments in supporting policy de
cisions, there is currently very limited support for the decision-making 
challenges faced by assessors in the field of One-Health risk assess
ment. Contrastingly, in business, decision support tools are widely used. 
The Harvard Business Review has even published guidance on how to 
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decide on the correct decision support tool [7]. 
As part of the One-Health European Joint Program (EJP) project, 

COHESIVE, we present the first decision support tool to help One-Health 
risk assessors choose an appropriate approach. This tool is aimed at 
inexperienced risk assessors, researchers moving into the One-Health 
field and policy-makers keen to commission new types of risk assess
ment. The tool covers risk assessment approaches at the interface be
tween Veterinary Health, Public Health and Food Safety. 

2. Methods 

2.1. Overview 

Building a tool to facilitate the decision between One-Health risk 
assessment approaches required several stages of development. First, we 
assembled risk assessment resources: publications, tools and frame
works relating to risk assessment across Veterinary Health, Public 
Health and Food Safety. From these, we synthesized a list of generic 
approaches and grouped the compiled resources under each approach. 
We then conducted a workshop to determine the information that is 
consistently required to assess the user’s needs with respect to the ap
proaches available. From this workshop, six themes were elicited, 
against which each of the risk assessment approaches were classified. 
These themes facilitated the development of a decision tree. The deci
sion tree was then converted into a functional online tool, listing 
assembled publications, tools and resources below each approach. 

2.2. Resource assembly 

Tools, guidance documents, and publications were assembled to 
establish core approaches to One-Health risk assessment using a range of 
methods. An initial questionnaire was used to elicit risk assessment tools 
and guidance documents used or built by member organisations within 
the COHESIVE consortium. The consortium is made up of practitioners 
from across veterinary health, public health, and food safety. The 
questionnaire asked members of the consortium to list the risk assess
ment tools they had previously used, or built, and to provide details of 
their strengths and limitations. This was sent to all members of the 
consortium by email and responses were recorded as written statements. 
Engagement in the questionnaire was not prescriptive to particular 
disciplines and relied on voluntary response from COHESIVE members. 
This questionnaire was built on during a face-to-face meeting with 
members of the consortium, where tools were suggested by attendees, 
and their utility described. 

Though systematic methods of literature review such as the PRISMA 
guidelines exist [8], a non-systematic method of literature review based 
on snowball sampling [9,10] was deemed sufficient for the purposes 
here. It was used to expand the existing list of tools and guidance doc
uments. The search databases used were Google scholar, PubMed, Sco
pus and Web of Science. To search for existing risk assessment tools, we 
used the starting search terms: ‘One-Health’, ‘risk assessment’, ‘tools’, 
‘risk ranking’ and ‘guidance’, both individually and in multiple 
combinations. 

Examples of One-Health risk assessments were also sourced, by 
expanding these search terms to include: ‘qualitative’, ‘quantitative’, 
‘semi-quantitative’ and ‘prioritisation’. Any risk assessments within the 
public health, veterinary health or food safety sectors were included in 
the final list. 

2.3. Theme identification 

A workshop exercise was conducted as part of the COHESIVE project. 
At this workshop, small, multidisciplinary teams were asked to catego
rise a series of hypothetical risk assessment tools (supplementary in
formation). From this, several themes emerged, which classified each 
risk assessment approach. 

2.4. Technical development 

Core approaches to risk assessment were established based upon the 
compiled risk assessment tools, guidance documents and examples, and 
the themes from the workshop. Examples were categorised under each 
approach. These were limited to 10 per approach, prioritising the most 
relevant examples. 

The themes were used to frame questions and create a decision tree 
to facilitate choice between these approaches. The decision tree was 
coded using JavaScript Object Notation (JSON). Each question was 
linked to a list of responses. Responses to each question were linked to 
unique follow-up questions with their own list of responses. Approaches 
were provided at the terminal branches of the data structure, with a 
description of the approach and published examples where they have 
been applied. JavaScript code was written to read this data-structure 
and convert it to an interactive sheet. 

3. Results 

3.1. Resource assembly 

Seven examples were taken from a review of risk ranking tools by 
Smeu and Taylor (2019) [11]. Further literature research yielded 23 
publications relating to One-Health risk assessment. All of these, along 
with expert opinion, formed the basis for the categorisation of 15 risk 
assessment approaches. These approaches, 24 associated tools and 
guidance documents, and 22 risk assessment examples, are listed in 
Table 1. 

3.2. Decision tree construction 

The theme identification workshop split participants into four groups 
and asked each group to consider a list of tools and reasons why they 
would or wouldn’t use each tool. From this, they were asked to produce 
a generic decision-tree which listed important considerations when 
deciding a risk assessment approach (decision-trees shown in Supple
mentary Information 1). Every group felt it was important to consider 
the time available. Two groups considered the type of hazard that was 
being assessed. Three considered the hazard’s geographical distribution, 
for example, whether the hazard was endemic in that area or not. One 
asked about the level of data available whereas one considered the level 
of expertise available. Two had more specific questions relating to the 
context of the assessment. Themes were subsequently clarified from 
these questions. Six themes in total were derived: 1) time available, 2) 
hazard identification (ID) 3) geographic specificity, 4) data availability, 
5) available expertise, and 6) event specificity (see supplementary in
formation). Time available splits timeframes for performing risk 
assessment into long, medium and short. Hazard ID splits outcomes 
based on whether hazards have been predetermined, i.e. whether the 
risk assessment is for scanning surveillance or in response to a specific 
disease risk. Geographic specificity splits outcomes based on whether 
the assessment should be made at the local, regional or country level. 
Availability of expertise splits outcomes based on prior experience of the 
risk assessor. Data availability splits outcomes by the quality and 
abundance of data, grouping these in to low, medium and high. Event 
specificity splits outcomes by further specifics of the risk question, 
including disease type (for example endemic or exotic) and assessment 
type (for example an incursion or impact assessment). 

Each of the 15 risk assessment approaches have unique profiles 
across these six criteria. Stochastic risk assessments, for example, are 
medium and long-term risk assessments with unlimited geographic 
specificity. They require medium-to-high data availability, and high- 
level expertise. They are also useful when integrating uncertainty and 
variability and are broader than bespoke assessments (Fig. 1). 
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3.3. Tool output 

A fully staged example is provided in supplementary information 2. 
The tool is publicly available and accessible from the following link: htt 
p://cohesive.onehealthejp.eu/. When a user opens the tool, they view 
the purpose, scope and caveats of the tool, which they can then access at 
any point when using it by clicking a button at the top of the screen. This 
ensures the user is aware of what the tool can and cannot provide for 
them. All approaches are listed at the start of the tool, allowing for the 

quick selection and exploration of approaches at the user’s convenience. 
The user can then step through each question until they reach an 
outcome. Each question is prefaced with the core theme covered by that 
question. Each outcome shows the name of the approach to be used, 
provides a description of that approach, and lists published examples 
from across One-Health (Fig. 1). At any point, the user can also change 
answers to previous questions. 

4. Discussion 

The decision support tool described here defines the needs of its users 
by asking questions relating to six themes, synthesized from a workshop 
exercise with experts from across One-Health. Approaches to risk 
assessment and examples of these approaches were derived from liter
ature searches using snowball sampling. Overall, the tool suggests risk 
assessment approaches that suit the user’s needs using a decision tree, 
providing a brief description of each approach and linking to examples 
that support suggested approaches. 

This decision tree suggests approaches using a simple question and 
answer format. However, decision-support methodologies vary in 
complexity thanks to their wide application across different disciplines 
[51–53]. Some are software based and some paper based [53]. Some, 
like the ambulance relocation tool by Anderson and Varbund, have 
simulation and optimisation facets [54]. Decision trees simply suggest 
actions based on the user’s response to a series of questions, used for 
example, in the safety assessments of new pharmaceuticals [55]. Unlike 
many decision-tree flowcharts, our tool is software-based, allowing in
formation to be provided on demand, and simplifying the user interface. 
It has advantages over other software-based tools. For example, it is 
small, allowing it to be easily shared and hosted. It is also easily updated. 
Unlike decision support IOS and Android applications, however, it is less 
adapted to small screens, and future improvements could be made to 
increase its compatibility in this area. The tool’s simple question and 
answer format also has limitations. The user’s needs can only be 
determined from their answers to the questions provided. Hence, 
compared to the ambulance relocation tool by Anderson and Varbund, 
for example, which uses a range of circumstantial data to cater to the 
user’s needs [54], this tool has relatively limited information to draw a 
suitable approach from. This limits the specificity of output approaches 
it can provide. 

However, it does allow the tool to remain non-prescriptive. Unlike 
other decision tree flowcharts used, for example, in nursing [56], the 
tool does not require a particular approach for a particular circumstance. 
In contrast, it is more suggestive than definitive, encouraging users to 
extract what is relevant to them without limiting them strictly to one 
approach or another. Thus, implementation guidance for each approach 
is limited to short descriptions. While, in many cases, this leaves the user 
to apply their own interpretation of a given approach, it also allows the 
tool to cater to a broader spectrum of user needs. With the reactive 
format, approaches can be easily cycled through to combine several 
resources or adapt aspects of different approaches. This means that users 
whose needs sit ‘between’ the question criteria, can still extract value 
from it. For example, risk pathways that combine steps of high 
complexity and uncertainty with those of low uncertainty and linearity 
could favour a mix of stochastic and deterministic approaches. Sto
chastic approaches sample parameter estimates from probability dis
tributions rather than fixed values, meaning that subtle differences can 
be returned on each model run. This is particularly useful for parameters 
which are uncertain or show variability throughout the population, for 
example, rates of transmission following direct contact with an infected 
individual. In contrast, deterministic approaches take single values for 
each relevant parameter and integrate these directly into the risk esti
mate, therefore favouring circumstances with low uncertainty or 
complexity. With this tool, examples and descriptions of both stochastic 
and deterministic approaches can easily be assimilated. 

With its simplicity, the tool’s decision tree structure could be applied 

Table 1 
EXAMPLES OF TOOLS AND RISK ASSESSMENTS FOR EACH APPROACH USED IN THE DECISION-SUPPORT 

TOOL.  

Approach Tools / guidance documents Risk assessment examples 

Qualitative risk 
assessment 

OIE qualitative risk 
assessment framework [12] 

RVF risk assessment UK 
[13] 

Codex Alimentarius 
microbial risk assessment 
framework [14] 

RVF risk assessment EU 
[15] 
Foot-and-mouth Spain 
[16] 

Deterministic risk 
assessment 

OIE quantitative risk 
assessment framework [17] 

Risks to animals from 
catering waste [18] 

Stochastic risk 
assessment 

OIE quantitative risk 
assessment framework [17] 

E-coli in salad bars [19] 

Optimising surveillance 
systems [20] 

Salmonellosis in Europe 
[21] 

One-health modelling 
overview [22] 

Bespoke modelling 
techniques 

Prioritisation of wildlife 
pathogens [23] 

African Swine Fever spread 
[24] 
AMR spread in a hospital 
setting [25] 

Qualitative disease 
prioritisation 

ECDC tool for disease 
prioritisation [26] 

Stakeholder prioritisation 
in Quebec [27] 

ECDC tool guidance (ECDC) 
[28] 

Semi-quantitative 
disease 
prioritisation 

Simplified generic 
prioritisation tool (France) 
(ANSES) [29] 

MINTRISK in action [30] 

SPARE [31] 
SPARE explanation [32] 
D2R2 [33] 
MINTRISK [34] 
G-RAID comparison of tools 
[6] 
Prioritisation using DALY 
and H-index [35] 

Stakeholder opinion on 
prioritisation in Quebec 
[27] 

Quantitative disease 
prioritisation 

WHO prioritisation for R&D 
[36] 

Stakeholder opinion on 
prioritisation in Quebec 
[27] 

Multi-country disease 
prioritisation  

Disease prioritisation in 
Europe [35] 

Regional disease 
prioritisation 

Zoonotic surveillance in 
One-Health context [37] 

Localised One-Health 
disease prioritisation in 
India [38] 
Stakeholder opinion in 
prioritisation in Quebec 
[27] 

Cost benefit analysis  Cost-benefit assessment in 
UK pig industry [39] 

Import risk 
assessment: 
stochastic 

Europe-level QMRA [40] Entry framework bat- 
borne viruses [41] 
Introduction of rabies into 
Japan [42] 

Farm-to-consumption 
QMRA 

OIE qualitative risk 
assessment framework [12] 

Salmonella in pork 
products [43] 

Preliminary outbreak 
assessment 

ECDC rapid risk assessment 
tool [44]  
Veterinary risk assessments 
[45] 

Bluetongue outbreak 
assessment Europe [46] 

Rapid risk assessment Horizon scanning in 
fisheries products [47]  

Horizon scanning HAIRS RA framework [48] Global-level horizon 
scanning [49] 
HAIRS in action [50]  
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to further decision-making challenges. Selection between One-Health 
toolboxes like OH SMART, could easily be facilitated by this decision 
tree format [57]. More broadly, it could aid decision-making between 
the One-Health activities listed in the Tripartite Zoonoses Guide, such as 
surveillance, risk assessment, risk management and communication [1]. 
It could facilitate decision-making at a detailed technical level, for 
example in selecting different cost-benefit analysis tools and methods. In 
this case, it could define when to use qualitative, deterministic, or sto
chastic methods for cost-benefit estimation, or when to apply quality of 
life metrics such as disability adjusted life years (DALY) and quality 
adjusted life years (QALY) [58–60]. This framework could even be used 
to address decision-making challenges outside One-Health, for example, 
in deciding between approaches to environmental impact and 

sustainability assessment [61,62]. 
Stakeholder engagement through the written questionnaire was 

based on voluntary responses. Therefore, it is likely that respondents 
were not evenly distributed across the fields of veterinary health, public 
health, and food safety. Similarly, in the face-to-face meeting, involve
ment was limited by attendance and may also have seen an unfair dis
tribution across disciplines. Furthermore, as the tool was designed 
primarily to show proof of concept and to provide a platform of re
sources to be built on and maintained over time, the review method 
employed was not systematic. Snowball sampling, in this context, was 
expected to capture the majority of relevant available literature, but 
some tools, publications, and guidance documents may have been 
missed in the search. As such, the complete list of tools, guidance 

Fig. 1. THE LAYOUT OF THE DECISION SUPPORT TOOL. 1. A QUESTION SEGMENT 2. THE ANSWER PANEL TO THAT QUESTION. 3. THE NODE, OR OUTPUT OF THE TOOL. 4. LINKS TO EXAMPLES OF WHERE 

THIS APPROACH HAS BEEN PUT IN TO PRACTICE. 5. THE PURPOSE, SCOPE AND CAVEATS SECTION IS ACCESSIBLE AT ANY POINT. 6. A KEY, SHOWING WHICH COLOURED EXAMPLES LINK TO WHICH SECTOR. 
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documents, and publications is expected to expand over time. With 
feedback, the tool will receive periodic updates to improve its func
tionality and update examples and descriptions. In doing so, equal 
representation of One Health disciplines could also be improved. Further 
work could be to create an open submission platform to allow experts to 
add further examples and descriptions on demand via an online form. 

The workshop exercise was essential to determining the core themes 
underpinning One-Health risk assessment. However, these themes relied 
on the subjective opinions from a sample of experts. Consequently, the 
distilled themes were broad. For example, time availability only divides 
timeframes into low, medium and high. Because time availability does 
not further sub-divide, approaches such as stochastic risk assessment 
appear in two decision pathways. Broad themes do, however, provide 
consistency across approaches and keep sub-divisions across themes 
evenly weighted. The small sample of experts may also not have 
captured viewpoints from all sectors under One Health, as teams were 
not divided with equal participation from all sectors. Hence, user feed
back will be crucial to improve the balance of breadth and utility in 
these themes, to expand or constrict options where needed, or to provide 
more even representation from all One-Health sectors. 

This is the first decision support tool for One-Health risk assessment. 
It defines a broad range of approaches against six core themes, listing a 
multitude of cross-sectoral examples. It is non-prescriptive, suggesting 
the approach best suited to the circumstances without limiting other 
options. The simple data-structure allows for regular updates and pro
vides great potential utility for many decision-making challenges. 

Ethics statement 

No ethical approval was required for this work. 
Data accessibility statement. 
The tool is now publicly available and accessible from the following 

link: http://cohesive.onehealthejp.eu/. All code is available from: 
https://github.com/RDewar/One-health-RA-decisionsupport 

Authors’ contribution statement 
The contribution of the authors is broken down according to their 

roles as defined in the Contributor Role Taxonomy (CRediT) [63]. 

Funding 

This manuscript is part of the European Joint Programme One Health 
EJP. This project has received funding from the European Union’s Ho
rizon 2020 research and innovation programme under Grant Agreement 
No 773830 and additional funding from the Department for Environ
ment, Food and Rural Affairs (DEFRA) UK. 

Declaration of Competing Interest 

None 

Acknowledgements 

The authors would like to acknowledge the contributions made by 
members of the COHESIVE consortium, specifically the members of the 
theme development workshop. Furthermore, we would like to thank 
Irina Smeu (National Institute of Research & Development for Food 
Bioresources, (IBA) Bucharest, Romania) and Verity Horigan (APHA, 
UK) for discussion regarding risk assessment tools. And to thank Oliver 
Tearne (APHA, UK) for coding and development input. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2021.100266. 

References 

[1] World health organisation, Taking a Multisectoral One Health Approach: A 
Tripartite Guide to Addressing Zoonotic Diseases in Countries, Food & Agriculture 
Org, Geneva, 2019. 

[2] H. Marks, M. Coleman, Qualitative and quantitative risk assessment, Food Control 
10 (1999) 289–297, https://doi.org/10.1016/S0956-7135(99)00052-3. 

[3] R. Hauser, E. Breidenbach, Swiss Federal Veterinary Office Risk Assessments: 
advantages and limitations of the qualitative method, Adv. Stat. Meth. Health Sci. 7 
(2007) 519–526, https://doi.org/10.1007/978-0-8176-4542-7_32. 

[4] H. M-F, et al., Multidisciplinary and evidence-based method for prioritizing 
diseases of food-producing animals and zoonoses, Emerg. Infect. Dis. 18 (2012), e1, 
https://doi.org/10.3201/eid1804.111151. 

[5] H. Roberts, M. Carbon, M. Hartley, M. Sabirovic, Assessing the risk of disease 
introduction in imports, Br. Med. J. 168 (2011) 447–448, https://doi.org/10.1136/ 
vr.d1784. 

[6] C.J. De Vos, et al., Cross-validation of generic risk assessment tools for animal 
disease incursion based on a case study for African swine fever, Front. Vet. Sci. 7 
(2020) 56, 10.3389%2Ffvets.2020.00056. 

[7] H.D. Courtney, D. Lovallo, C. Clarke, Decide how to decide, Harv. Bus. Rev. 91 
(2013) 62–70. 

[8] M. Page, et al., The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews, MetaArXiv. 2020 (2020). 

[9] J.D. Lecy, K.E. Beatty, Representative Literature Reviews using Constrained 
Snowball Sampling and Citation Network Analysis, Online multimedia, 2012. 

[10] V. Horigan, R. Kosmider, R. Horton, L. Randall, R.J.P.V.M. Simons, An Assessment 
of Evidence Data Gaps in the Investigation of Possible Transmission Routes of 
Extended Spectrum β-Lactamase Producing Escherichia coli from Livestock to 
Humans in the UK 124, 2016, pp. 1–8. 

[11] I. Smeu, R. Taylor, Livestock, food chain and public health risk assessment, EFSA J. 
17 (2019), e170912, https://doi.org/10.2903/j.efsa.2019.e170912. 

[12] The World Organisation for Animal Health, Handbook on Import Risk Analysis for 
Animals and Animal Products: Introduction and Qualitative Risk Analysis. https 
://rr-africa.oie.int/wp-content/uploads/2018/03/handbook_on_import_risk_ana 
lysis_-_oie_-_vol__i.pdf, 2010 (accessed 22/02/2021). 

[13] Defra, Rift Valley fever in Mayotte (Indian Ocean). https://assets.publishing.servi 
ce.gov.uk/government/uploads/system/uploads/attachment_data/file/902415/ 
poa-rvf-mayotte.pdf, 2019 (accessed 22/02/2021). 

[14] Codex Alimentarius Comission, Principles and guidelines for the conduct of 
microbiological risk assessment, in: Codex Alimentarius, International food 
standards, Codex, Rome, 2014. 

[15] EFSA Panel on Animal Health and Welfare, et al., Rift Valley Fever: risk of 
persistence, spread and impact in Mayotte (France), EFSA J. 18 (2020) e06093, 
https://doi.org/10.2903/j.efsa.2020.6093. 

[16] B. Martinez-Lopez, A.M. Perezbc, A.D. Torred, J.M.S.V. Rodriguez, Quantitative 
risk assessment of foot-and-mouth disease introduction into Spain via importation 
of live animals, Prevent. Veter. Med. 86 (2008) 43–56, https://doi.org/10.1016/j. 
prevetmed.2008.03.003. 

[17] The World Organisation for Animal Health, Handbook on Import Risk Analysis for 
Animals and Animal Products: Quantitative Risk Assessment. https://www.oie.int 
/doc/ged/D11250.PDF, 2010 (accessed 22/02/2021). 

[18] P. Gale, Risks to farm animals from pathogens in composted catering waste 
containing meat, Vet. Rec. 155 (2004) 77–82, https://doi.org/10.1136/ 
vr.155.3.77. 

[19] E. Franz, S.O. Tromp, H. Rijgersberg, H.J. van der Fels-Klerx, Quantitative 
microbial risk assessment for Escherichia coli O157: H7, Salmonella, and listeria 
monocytogenes in leafy green vegetables consumed at salad bars, J. Food Prot. 73 
(2010) 274–285, https://doi.org/10.4315/0362-028x-73.2.274. 

[20] D.C. Hardon, K.D. Stark, Evaluation and optimization of surveillance systems for 
rare and emerging infectious diseases, Vet. Res. 39 (2008) 57, https://doi.org/ 
10.1051/vetres:2008033. 

[21] L. De Knegt, S.M. Pires, T. Hald, Attributing foodborne salmonellosis in humans to 
animal reservoirs in the European Union using a multi-country stochastic model, 
Epidemiol. Infect. 143 (2015) 1175–1186, https://doi.org/10.1017/ 
s0950268814001903. 

[22] I. Scoones, et al., Integrative modelling for one health: pattern, process and 
participation, Phil. Transact. Royal Soc. B: Biol. Sci. 372 (2017) 20160164, https:// 
doi.org/10.1098/rstb.2016.0164. 

[23] J. McKenzie, H. Simpson, I. Langstaff, Development of methodology to prioritise 
wildlife pathogens for surveillance, Prevent. Veter. Med 81 (2007) 194–210, 
https://doi.org/10.1016/j.prevetmed.2007.04.003. 

[24] A. Nigsch, S. Costard, B.A. Jones, D.U. Pfeiffer, Stochastic spatio-temporal 
modelling of African swine fever spread in the European Union during the high risk 
period, Prevent. Veter. Med. 108 (2013) 262–275, https://doi.org/10.1016/j. 
prevetmed.2012.11.003. 

[25] J. Lopez-Lozano, et al., Modelling and forecasting antimicrobial resistance and its 
dynamic relationship to antimicrobial use: a time series analysis, Int. J. 
Antimicrob. Agents 14 (2000) 21–31, https://doi.org/10.1016/S0924-8579(99) 
00135-1. 

[26] ECDC, ECDC tool for the prioritisation of infectious disease threats. https://www. 
ecdc.europa.eu/en/publications-data/ecdc-tool-prioritisation-infectious-diseas 
e-threats, 2017 (accessed 22/02/2021). 

[27] V. Hongoh, et al., Criteria for the prioritization of public health interventions for 
climate-sensitive vector-borne diseases in Quebec, PLoS One 12 (2017) e0190049, 
10.1371%2Fjournal.pone.0190049. 

R. Dewar et al.                                                                                                                                                                                                                                  

http://cohesive.onehealthejp.eu/
https://github.com/RDewar/One-health-RA-decisionsupport
https://doi.org/10.1016/j.onehlt.2021.100266
https://doi.org/10.1016/j.onehlt.2021.100266
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0005
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0005
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0005
https://doi.org/10.1016/S0956-7135(99)00052-3
https://doi.org/10.1007/978-0-8176-4542-7_32
https://doi.org/10.3201/eid1804.111151
https://doi.org/10.1136/vr.d1784
https://doi.org/10.1136/vr.d1784
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0030
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0030
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0030
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0035
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0035
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0040
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0040
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0045
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0045
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0050
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0050
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0050
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0050
https://doi.org/10.2903/j.efsa.2019.e170912
https://rr-africa.oie.int/wp-content/uploads/2018/03/handbook_on_import_risk_analysis_-_oie_-_vol__i.pdf
https://rr-africa.oie.int/wp-content/uploads/2018/03/handbook_on_import_risk_analysis_-_oie_-_vol__i.pdf
https://rr-africa.oie.int/wp-content/uploads/2018/03/handbook_on_import_risk_analysis_-_oie_-_vol__i.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/902415/poa-rvf-mayotte.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/902415/poa-rvf-mayotte.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/902415/poa-rvf-mayotte.pdf
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0070
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0070
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0070
https://doi.org/10.2903/j.efsa.2020.6093
https://doi.org/10.1016/j.prevetmed.2008.03.003
https://doi.org/10.1016/j.prevetmed.2008.03.003
https://www.oie.int/doc/ged/D11250.PDF
https://www.oie.int/doc/ged/D11250.PDF
https://doi.org/10.1136/vr.155.3.77
https://doi.org/10.1136/vr.155.3.77
https://doi.org/10.4315/0362-028x-73.2.274
https://doi.org/10.1051/vetres:2008033
https://doi.org/10.1051/vetres:2008033
https://doi.org/10.1017/s0950268814001903
https://doi.org/10.1017/s0950268814001903
https://doi.org/10.1098/rstb.2016.0164
https://doi.org/10.1098/rstb.2016.0164
https://doi.org/10.1016/j.prevetmed.2007.04.003
https://doi.org/10.1016/j.prevetmed.2012.11.003
https://doi.org/10.1016/j.prevetmed.2012.11.003
https://doi.org/10.1016/S0924-8579(99)00135-1
https://doi.org/10.1016/S0924-8579(99)00135-1
https://www.ecdc.europa.eu/en/publications-data/ecdc-tool-prioritisation-infectious-disease-threats
https://www.ecdc.europa.eu/en/publications-data/ecdc-tool-prioritisation-infectious-disease-threats
https://www.ecdc.europa.eu/en/publications-data/ecdc-tool-prioritisation-infectious-disease-threats
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0135
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0135
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0135


One Health 13 (2021) 100266

6

[28] ECDC, ECDC tool for the prioritisation of infectious disease threats–handbook and 
manual. https://www.ecdc.europa.eu/sites/portal/files/documents/Tool-for-di 
sease-priority-ranking_handbook_0_0.pdf, 2017 (accessed 22/02/2021). 

[29] ANSES, Two tools for prioritising animal diseases available online. https://www. 
anses.fr/en/content/two-tools-prioritising-animal-diseases-available-online, 2015 
(accessed 22/02/2021). 

[30] C. De Vos, H.J.W. Roermund, A. Koeijer, E.A.J. Fischer, Risk assessment of seven 
emerging vector-borne animal diseases for The Netherlands: a structured approach, 
in: Meeting 2016 Society for Veterinary Epidemiology and Preventive Medicine, 
Wageningen University, Elsinore, Denmark, 2016. 

[31] Animal and plant health agency, WP1 disease prioritisation tool. https://www.spar 
e-europe.eu/wp1-release-assessment, 2016 accessed. 

[32] R.R.L. Simons, et al., A spatial risk assessment model framework for incursion of 
exotic animal disease into the European Union member states, Microbial Risk 
Analysis. 13 (2019) 100075, https://doi.org/10.1016/j.mran.2019.05.001. 

[33] J. Gibbens, A.J. Frost, C.W. Houston, H. Lester, F.A. Gauntlet, D2R2: an evidence- 
based decision support tool to aid prioritisation of animal health issues for 
government funding, Vet. Rec. 179 (2016) 547, https://doi.org/10.1136/ 
vr.103684. 

[34] Wageningen university, Method for Integrated Risk Assessment of Vector-Borne 
Diseases. https://www.wecr.wur.nl/mintrisk/, 2016 accessed. 

[35] K.M. McIntyre, A quantitative prioritisation of human and domestic animal 
pathogens in Europe, PloS One 9 (2014) e103529, 10.1371%2Fjournal. 
pone.0103529. 

[36] M.S. Mehand, et al., World health organization methodology to prioritize emerging 
infectious diseases in need of research and development, Emerg. Infect. Dis. 24 
(2018) e171427, 10.3201%2Feid2409.171427. 

[37] S.B. Martins, J. Rushton, K.D.C. Stark, Economics of zoonoses surveillance in a ‘one 
Health’context: an assessment of campylobacter surveillance in Switzerland, 
Epidemiol. Infect. 145 (2017) 1148–1158, https://doi.org/10.1017/ 
s0950268816003320. 

[38] S. Yasobant, D. Saxena, W. Bruchhausen, F.Z. Memon, T. Falkenbert, Multi-sectoral 
prioritization of zoonotic diseases: one health perspective from Ahmedabad, India, 
PLoS One 14 (2019), e0220152, https://doi.org/10.1371/journal.pone.0220152. 

[39] C. Gavin, et al., A cost-benefit assessment of Salmonella-control strategies in pigs 
reared in the United Kingdom, Prevent. Veter. Med 160 (2018) 54–62, https://doi. 
org/10.1016/j.prevetmed.2018.09.022. 

[40] P. Romero-Barros, M. Hempen, W. Messens, P. Stella, M. Hugas, Quantitative 
microbiological risk assessment (QMRA) of food-borne zoonoses at the European 
level, Food Control 29 (2013) 343–349, https://doi.org/10.1016/j. 
foodcont.2012.05.043. 

[41] R.R.L. Simons, et al., A generic quantitative risk assessment framework for the 
entry of bat-borne zoonotic viruses into the European Union, PLoS One 11 (2016), 
e0165383, https://doi.org/10.1371/journal.pone.0165383. 

[42] N. Kwan, K. Sugiura, Y. Hosoi, A. Yamada, E.L. Snary, Quantitative risk assessment 
of the introduction of rabies into Japan through the importation of dogs and cats 
worldwide, Epidemiol. Infect. 145 (2017) 1168–1182, https://doi.org/10.1017/ 
s0950268816002995. 

[43] A. Swart, F. van Leusden, M.J. Nauta, A QMRA model for Salmonella in pork 
products during preparation and consumption, Risk Anal. 36 (2016) 516–530, 
https://doi.org/10.1111/risa.12522. 

[44] Europen centre for disease prevention and control, Operational Tool on Rapid Risk 
Assessment Methodology. https://www.ecdc.europa.eu/en/publications-data/ope 
rational-tool-rapid-risk-assessment-methodology-ecdc-2019, 2019 (accessed 22/ 
02/2021). 

[45] Centre of expertise on animal disease outbreaks (EPIC), Food and Mouth Disease: 
Veterinary Risk Assessments (VRAs). https://www.gov.scot/publications/foot-an 
d-mouth-disease-veterinary-risk-assessments-vras/, 2015 accessed. 

[46] Animal and plant health agency, Bluetongue Virus in Europe. https://www.gov. 
uk/government/publications/bluetongue-virus-in-europe, 2015 accessed. 

[47] M. Llarena-Reino, E. Abollo, M. Ragueira, H. Rodriguez, S. Pascul, Horizon 
scanning for management of emerging parasitic infections in fishery products, 
Food Control 49 (2015) 49–58, https://doi.org/10.1016/j.foodcont.2013.09.005. 

[48] P.H. England, HAIRS risk assessment process, in: https://assets.publishing.service. 
gov.uk/government/uploads/system/uploads/attachment_data/file/7611 
06/HAIRS_risk_assessment_processes.pdf, 2018 (accessed 22/02/2021). 

[49] W.J. Sutherland, et al., A 2018 horizon scan of emerging issues for global 
conservation and biological diversity, Trends Ecol. Evol. 33 (2018) 47–58, https:// 
doi.org/10.1016/j.tree.2017.11.006. 

[50] D. Morgan, H. Kirkbridge, K. Hewitt, B. Said, A.L. Walsh, Assessing the risk from 
emerging infections, Epidemiol. Infect. 137 (2009) 1521–1530, https://doi.org/ 
10.1017/s0950268809990227. 

[51] V.L. Sauter, Decision Suport Systems for Business Intelligence, Second ed, John 
Wiley & Sons, Hoboken, New Jersey, 2014. 

[52] J. Kangas, R. Store, P. Leskinen, L. Mehtatalo, Improving the quality of landscape 
ecological forest planning ad utilising advanced decision-support tools, For. Ecol. 
Manag. 132 (2000) 157–171, https://doi.org/10.1016/S0378-1127(99)00221-2. 

[53] D.C. Rose, et al., Decision support tools for agriculture: towards effective design 
and delivery, Agric. Syst. 149 (2016) 165–174, https://doi.org/10.1016/j. 
agsy.2016.09.009. 

[54] T. Anderson, P. Varbrand, Decision support tools for ambulance dispatch and 
relocation, J. Oper. Res. Soc. 58 (2006) 195–201, https://doi.org/10.1057/ 
palgrave.jors.2602174. 

[55] C. Grudzinskas, C.T. Gombar, Portfolio and project planning and management in 
the drug discovery, evaluation, development, and regulatory review process, Princ. 
Clin. Pharmacol. (2012) 487–506, https://doi.org/10.1016/B978-0-12-385471- 
1.00029-5. 

[56] J.M. Grimshaw, I.T. Russel, Effective clinical guidelines on medical practice: a 
systematic review of rigorous evaluations, Lancet 342 (1993) 1317–1322, https:// 
doi.org/10.1016/0140-6736(93)92244-n. 

[57] T.V. Dutcher, et al., Strengthening multi-sectoral collaboration on critical health 
issues: One Health Systems Mapping and Analysis Resource Toolkit (OH-SMART) 
for operationalizing One Health, PLoS One 14 (2019) e0219197, 10.1371% 
2Fjournal.pone.0219197. 

[58] A. Hill, et al., A risk and benefit assessment for visual-only meat inspection of 
indoor and outdoor pigs in the United Kingdom, Food Control 30 (2013) 255–264, 
https://doi.org/10.1016/j.foodcont.2012.04.031. 

[59] A.W.M. Suijkerbuijk, et al., A social cost-benefit analyss of two one health 
interventions to prevent toxoplasmosis, PLoS One 15 (2019), e0216615, https:// 
doi.org/10.1371/journal.pone.0216615. 

[60] A.J.H.A. Ament, J. Jansen, A. Van der Giessen, S. Notermans, Cost-benefit analysis 
of a screening strategy for salmonella Enteritidis in poultry, Vet. Q. 15 (1993) 
33–37, https://doi.org/10.1080/01652176.1993.9694366. 

[61] S. Sala, B. Ciuffo, P. Nijkamp, A systemic framework for sustainability assessment, 
Ecol. Econ. 119 (2015) 314–325, https://doi.org/10.1016/j. 
ecolecon.2015.09.015. 

[62] A. Bjorn, et al., Review of life-cycle based methods for absolute environmental 
sustainability assessment and their applications, Environ. Res. 15 (2020) 8, 
https://doi.org/10.1088/1748-9326/ab89d7. 

[63] L. Allen, A. O’Connell, V. Kiermer, How can we ensure visibility and diversity in 
research contributions? How the contributor role taxonomy (CRediT) is helping the 
shift from authorship to contributorship, Learned Publishing. 32 (2019) 71–74, 
https://doi.org/10.1002/leap.1210. 

R. Dewar et al.                                                                                                                                                                                                                                  

https://www.ecdc.europa.eu/sites/portal/files/documents/Tool-for-disease-priority-ranking_handbook_0_0.pdf
https://www.ecdc.europa.eu/sites/portal/files/documents/Tool-for-disease-priority-ranking_handbook_0_0.pdf
https://www.anses.fr/en/content/two-tools-prioritising-animal-diseases-available-online
https://www.anses.fr/en/content/two-tools-prioritising-animal-diseases-available-online
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0150
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0150
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0150
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0150
https://www.spare-europe.eu/wp1-release-assessment
https://www.spare-europe.eu/wp1-release-assessment
https://doi.org/10.1016/j.mran.2019.05.001
https://doi.org/10.1136/vr.103684
https://doi.org/10.1136/vr.103684
https://www.wecr.wur.nl/mintrisk/
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0175
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0175
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0175
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0180
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0180
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0180
https://doi.org/10.1017/s0950268816003320
https://doi.org/10.1017/s0950268816003320
https://doi.org/10.1371/journal.pone.0220152
https://doi.org/10.1016/j.prevetmed.2018.09.022
https://doi.org/10.1016/j.prevetmed.2018.09.022
https://doi.org/10.1016/j.foodcont.2012.05.043
https://doi.org/10.1016/j.foodcont.2012.05.043
https://doi.org/10.1371/journal.pone.0165383
https://doi.org/10.1017/s0950268816002995
https://doi.org/10.1017/s0950268816002995
https://doi.org/10.1111/risa.12522
https://www.ecdc.europa.eu/en/publications-data/operational-tool-rapid-risk-assessment-methodology-ecdc-2019
https://www.ecdc.europa.eu/en/publications-data/operational-tool-rapid-risk-assessment-methodology-ecdc-2019
https://www.gov.scot/publications/foot-and-mouth-disease-veterinary-risk-assessments-vras/
https://www.gov.scot/publications/foot-and-mouth-disease-veterinary-risk-assessments-vras/
https://www.gov.uk/government/publications/bluetongue-virus-in-europe
https://www.gov.uk/government/publications/bluetongue-virus-in-europe
https://doi.org/10.1016/j.foodcont.2013.09.005
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761106/HAIRS_risk_assessment_processes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761106/HAIRS_risk_assessment_processes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761106/HAIRS_risk_assessment_processes.pdf
https://doi.org/10.1016/j.tree.2017.11.006
https://doi.org/10.1016/j.tree.2017.11.006
https://doi.org/10.1017/s0950268809990227
https://doi.org/10.1017/s0950268809990227
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0255
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0255
https://doi.org/10.1016/S0378-1127(99)00221-2
https://doi.org/10.1016/j.agsy.2016.09.009
https://doi.org/10.1016/j.agsy.2016.09.009
https://doi.org/10.1057/palgrave.jors.2602174
https://doi.org/10.1057/palgrave.jors.2602174
https://doi.org/10.1016/B978-0-12-385471-1.00029-5
https://doi.org/10.1016/B978-0-12-385471-1.00029-5
https://doi.org/10.1016/0140-6736(93)92244-n
https://doi.org/10.1016/0140-6736(93)92244-n
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0285
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0285
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0285
http://refhub.elsevier.com/S2352-7714(21)00056-2/rf0285
https://doi.org/10.1016/j.foodcont.2012.04.031
https://doi.org/10.1371/journal.pone.0216615
https://doi.org/10.1371/journal.pone.0216615
https://doi.org/10.1080/01652176.1993.9694366
https://doi.org/10.1016/j.ecolecon.2015.09.015
https://doi.org/10.1016/j.ecolecon.2015.09.015
https://doi.org/10.1088/1748-9326/ab89d7
https://doi.org/10.1002/leap.1210

	A user-friendly decision support tool to assist one-health risk assessors
	1 Introduction
	2 Methods
	2.1 Overview
	2.2 Resource assembly
	2.3 Theme identification
	2.4 Technical development

	3 Results
	3.1 Resource assembly
	3.2 Decision tree construction
	3.3 Tool output

	4 Discussion
	Ethics statement
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


