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a b s t r a c t
Emerging and major infectious animal diseases can have signiﬁcant international impact
on social, economic and environmental level, and are being driven by various factors. Prevention and control measures should be prepared at both national and international level
to mitigate these disease risks. Research to support such policy development is mostly
carried out at national level and dedicated transnational research programmes are still
in its infancy. This research reports on part of a process to develop a common strategic
research agenda on emerging and major infectious diseases of livestock in Europe, covering a 5–15-year time span. A two round online Delphi study was conducted to explore the
views of experts on issues relating to research needs on emerging infectious diseases of
livestock in Europe. Drivers that may inﬂuence the incidence of emerging infectious animal
diseases in both the short (next 5 years) and medium term (10–15 years) were identiﬁed.
Drivers related to regulatory measures and biological science developments were thought
to decrease the incidence, and socio-economic factors to increase the incidence of emerging
infectious animal diseases. From the ﬁrst round a list of threats to animal health was compiled and participants combined these threats with relevant drivers in the second round.
Next to identifying threats to animal health, also possible mitigatory actions to reduce the
negative impact of these threats were identiﬁed. Participants emphasised that interdisciplinary research is needed to understand drivers of emerging infectious animal diseases,
as well as to develop prevention and control measures which are both socio-economic and
technical. From this it can be concluded that interdisciplinary research combining both natural and social research themes is required. Some of the European member states research
budget needs to be allocated so that effective prevention and mitigation strategies can be
developed.
© 2011 Elsevier B.V. All rights reserved.
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Emerging infectious animal diseases may cause negative social, economic and environmental impacts locally,
nationally, regionally and internationally. These impacts
are driven by various factors. For example, climatic,
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biophysical, and other anthropogenic factors, such as socioeconomic inﬂuences, potentially inﬂuence contact rates
between host, pathogens, and their vectors and reservoirs, ultimately shifting the (animal) disease burden to a
regional level and beyond (De La Rocque et al., 2008). A
foresight exercise was conducted which aimed to identify
Europe’s regional and transnational short and mediumterm needs regarding preparedness and research focused
on preventing and mitigating emerging infectious animal
diseases, in order to support timely policy development.
The spread of infectious animal diseases, including zoonotic and vector-borne diseases, is driven by
many factors (Reperant, 2010). For example, translocation of people and their livestock, and as a consequence
(increased) contact between wild animals, livestock and
people (Gummow, 2010). Historically, physical barriers,
such as oceans, deserts, or mountain ranges, prevented
human movement and thereby the spread of vectors
and pathogens (De La Rocque et al., 2008). Industrialisation and economic development may have resulted
in increased incidence of emerging infectious diseases.
For example, current increases in globalisation, manifested through modern international trade and transport
activities, may expedite the spread of disease. Anthropogenic and demographic changes, in particular increase
in human population density have been shown to be
a signiﬁcant independent driver of emerging infectious
zoonotic diseases, due to, for example, industrialisation, politico-economic aspects or immigration dynamics
(Alexander and Weldon McNutt, 2010; Cascio et al.,
2011; Jones et al., 2008). As well agricultural development, for example intensiﬁcation of production systems
and movement of livestock, have resulted in steadily
increased disease threats to the livestock industry over
the past decades as a result of these drivers (King,
2004; Morse, 2004). At the same time, these increased
threats have had negative consequences for society in
general through negative economic affects, transport
bans and travel restrictions, as well as on livestock
populations (e.g. the 2007 Q-fever outbreak in the
Netherlands).
The multifactorial and transnational nature of drivers
related to emerging infectious animal diseases, makes it
difﬁcult to enforce effective control and mitigation measures (Reperant, 2010). In order to identify, prevent and
moderate the spread of emerging infectious animal diseases, epidemiological vigilance, appropriate diagnostic
capacity, risk assessment and regulatory measures are
required at both the national and international level. In
contemporary society, prevention of, and response to,
emerging infectious animal diseases relies heavily on
risk assessment and scientiﬁc developments. Research
is required if effective new disease prevention, control,
and policy tools are to be developed, and translated
into concrete risk management measures and policies.
Research on prevention and control is often conducted at national level, although it has been noted
that, if the (lack of) knowledge about emerging infectious animal diseases is to be managed effectively,
more effective and harmonised international research

programming may be needed. Networks between
research fund providers have been set up with the
aim of improving coordination across Europe to create
an adequate, and less fragmented research infrastructure.
To increase transnational cooperation and coordination
of research programmes in Europe on emerging infectious diseases of production animals (including zoonoses),
a network of national research funders in Member and
Associated States of the EU was established (EMIDA ERANET). Its aim is to work towards a common strategic
research agenda on emerging and major infectious diseases of livestock, covering a 10–15-year time span. An
important objective is to initiate and coordinate jointly
funded programmes and ultimately support European
policy development regarding the management of emerging infectious animal diseases (for more information see:
www.emida-era.net/). The scope of the EMIDA project
is to examine existing research activities, and gaps in
knowledge, associated with emerging and major infectious
diseases of production animals, including ﬁsh and bees and
those conditions that pose a threat to human health. A literature review of relevant foresight studies in the animal
health area conducted by the Foresight and Programming
Unit of the EMIDA project was a ﬁrst step in the identiﬁcation of drivers for emerging infectious animal diseases
as well as threats to animal health in order to establish a
common strategic research agenda (EMIDA, 2009).
In order to meet the objectives of EMIDA Workpackage 4 (http://www.emida-era.net/index.php?page=
workpackages&), Delphi methodology (Linstone and
Turoff, 1975) was adopted as it delivers the practicability of
a survey, with beneﬁts in terms of availability and potential to systematically include a broad range of experts from
appropriate disciplinary backgrounds.
The Delphi method essentially involves the repeated
polling of experts using anonymous questionnaires.
Responses are used in subsequent rounds as controlled
feedback, and the ﬁnal round responses are used to produce a group judgement (Linstone and Turoff, 1975). The
literature indicates substantial variations of the method
exist, in terms of whether two or more rounds are used,
whether or not the ﬁrst round is structured (quantitative)
or unstructured (qualitative), whether the process takes
place using paper-and-pencil questionnaires or ‘online’,
whether the process is synchronous or asynchronous, and
so on (e.g. Gordon and Pease, 2006; Rowe et al., 1991).
The aims of the approach may also vary, and Delphi may
be used in order to gain expert consensus or identify dissensus where this exists (for example, in the case of a
Policy Delphi; Turoff, 1970). In the area of agrifood policy, research has typically used larger samples, in order
to include experts covering the range of geographical dispersion and interdisciplinary expertise required to develop
appropriate policy strategies (Wentholt et al., 2009, 2010;
Frewer et al., 2011). Other applications of Delphi across a
diverse range of areas have been reported, for example, in
the optimisation of European manufacturing (Armbruster
et al., 2007), optimising the economics of biotechnology in
agricultural production (Menrad, 2000), or pharmaceutical innovation relevant to diseases of poverty (Coles et al.,
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in preparation). For an up-to-date review, see Rowe and
Wright (2010).
There is considerable variation how Delphi surveys
may be implemented. Empirical research has shown that
the method (in its various forms) leads to better (e.g.
more accurate) judgements and forecasts than interacting
groups (Rowe and Wright, 1999, 2001). Delphi methodology has been applied in the area of animal health (Van
Der Fels-Klerx et al., 2002), to map future dynamics of disease transmission (Suk et al., 2008), and the evaluation of
the expert perception of determinants of equine welfare
(Collins et al., 2009).
The study presented here utilised an online Delphi survey applied to the collation of international expert opinions
relating to emerging infectious animal diseases. The objectives were to systematically identify major disease drivers
of, and threats associated with emerging infectious animal
diseases so that (pan-European) future research priorities
can be set. The time frame was on research in the short
term (the next 5 years), and potential changes required
to this research strategy in the medium term (the next
10–15 years). In addition, participants’ views on Europe’s
current status with regard to preparedness for emerging infectious animal diseases were collated in order to
verify the need for change to existing research portfolios.
2. Methods
A two round online Delphi study was conducted
to explore the views of different experts on issues
related to emerging infectious diseases of production
animals in Europe in the short term and in the
medium term. The outcomes of the study would provide elements upon which a common EU strategic
research agenda focusing on infectious animal disease identiﬁcation, control and prevention in Europe
could be developed. Only experts within the European
research area were consulted as study participants, as
the objective was the development of an integrated
and harmonised European research agenda regarding
the management of emerging infectious animal diseases.
2.1. Study participants
As part of the activities within EMIDA, a review of foresight studies was conducted prior to initiation of the Delphi
(EMIDA, 2009). This study facilitated the identiﬁcation of a
range of disciplines relevant to the management of emerging infectious animal diseases. Subsequently, a database
of 217 relevant European experts was constructed (see
Table 1). All partners involved in the EMIDA consortium
were requested to submit names of possible participants
based on the different disciplines identiﬁed (“cascade”
methodology). The database was checked to determine
whether there were sufﬁcient participants across disciplines and European member states. Where necessary
(and where possible), participants from under-represented
areas were added to the participant list through a request
to EMIDA partners to provide additional participant names.
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Table 1
Sample characteristics of Delphi studya .
Characteristics

Round 1

Invited
Participated
Gender
Female
Male
Age group
20–35 years
36–45 years
46–55 years
56–65 years
66+ years
Relevant work experience
<5 years
6–10 years
11–15 years
16–20 years
21+ years

Round 2

217
143

143
108

33
107

22
86

8
26
73
32
1

7
20
56
25
0

14
22
19
32
46

10
20
18
25
37

Area of expertiseb

Main

Additional

Main

Additional

Animal diseases,
zoonoses (incl.
antimicrobial
resistance)
Veterinary medicine
(in general)
Epidemiology
Risk assessment
Immunology/vaccinology
Risk management
Bacteriology
Virology
Animal welfare
Public health
Parasitology
Wildlife
Risk communication
Mathematics (incl.
modelling)
Otherc

46

28

36

25

41

29

33

21

23
22
17
14
13
12
10
9
7
5
3
2

29
36
20
36
23
24
19
27
16
20
15
14

16
22
15
14
11
9
9
6
7
3
3
1

24
35
18
36
21
20
16
24
15
15
12
12

39

58

31

48

a

Not all participants ﬁlled in these questions.
Participants were asked to select one main area of expertise and select
– if appropriate – additional area(s) of expertise. Some participants provided multiple responses to ‘main area of expertise’.
c
Other, including: Agro-economy, Entomology, Animal genetics, Communication, Criminology (including Fraud, Terrorism), Demography,
Food/Feed, Ecology/Nature conservation, Meteorology/Climate, Sociology.
b

All participants who had been invited to take part in the
ﬁrst round were subsequently invited to participate in the
second round.
2.2. Design
Questionnaire development was conducted by a group
of EMIDA members (whom had earlier reviewed relevant
foresight studies on emerging animal diseases (EMIDA,
2009)), together with two researchers familiar with the
development, and application of Delphi surveys, as with
the interpretation of resulting data (Wentholt et al., 2009,
2010). Initially, two small workshops were held. The aim of
the ﬁrst meeting was to discuss the topics to be included in
the ﬁrst round of the Delphi study, after which a subset of
the members developed a draft questionnaire. During the
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second meeting, the draft questionnaire was discussed by
all group members and further reﬁned.
To test the ﬁrst questionnaire, a pilot study was conducted (October 2009). Participants in the pilot study
(n = 13 experts) were collected via the research team, and
were invited via E-mail to respond to the survey within
one week. Reminders were subsequently sent to those participants who had not responded. The E-mail invitation
explained their role as a pilot participant, and potential
pilot participants were asked to respond to the survey as if
completing it in the main study, and were requested to note
the time spent on completing the survey. In addition to the
questionnaire, participants were asked to provide feedback
on the clarity of the questions, difﬁculty level of the written
language, completeness of the questionnaire with regard to
topics and the appropriateness of the time period required.
In addition, space was provided to allow pilot participants
to make additional comments if needed. Following the pilot
study, some minor changes in wording were made, and,
where relevant, questions were formulated to encompass
both time frames rather than just one.
The literature review on existing foresight studies
(EMIDA, 2009) revealed various deﬁnitions of both ‘drivers’
and ‘threats’. Therefore, within the Delphi study, a standardised deﬁnition of these was provided to ensure all
participants were using the same deﬁnitions.
Driver: a driver or driving force is an external condition acting
on a large scale (climate, energy, technology, social
events), which has the potential to directly or indirectly inﬂuence animal and human health (in this case
the (re)-emergence of infectious diseases).
Threat: a threat is a hazard that affects directly (or indirectly) animal and/or human health, like a pathogen,
pathogen-carrier or a (bio)terrorism event.
2.3. Survey development
The Delphi study was implemented using an interactive web-site. All questionnaires were presented in English.
To increase survey accessibility, participants could obtain
a Word version of the questionnaire via the survey team,
which could be completed off-line and returned by E-mail,
fax or surface mail to the researchers. Six participants used
this approach in the ﬁrst round and one participant in the
second round.
For the main Delphi surveys, participants from the
database received an E-mail invitation to participate
in the online survey and were subsequently given 3½
weeks to respond to the survey (round 1 conducted in
November/December 2009 and round 2 in February/March
2010). E-mail reminders were sent to participants who had
not yet responded a week prior to the response deadline.
Four days after the deadline had passed the database was
closed. Their responses were analysed using quantitative
and qualitative methods as appropriate.
In the ﬁrst round questions primarily addressed a qualitative response, mainly consisting of open-ended items.
Only the ﬁrst survey initially provided an introduction
about the objectives of the EMIDA project and the aims of
the Delphi study. The second round survey included, where

applicable, feedback from the ﬁrst round responses, primarily in terms of newly developed questions or statistical
averages. Full versions of the questionnaires are available
from the corresponding author upon request. Both rounds
included questions on three major topics:

2.3.1. Preparedness for emerging infectious animal
diseases
Participants were asked their opinion on European
preparedness regarding the identiﬁcation, control and
prevention of infectious animal diseases (ratings on
5-point scales, anchored by 1 = ”completely agree” to
5 = ”completely disagree” and “no opinion”). Responses
were statistically summarised (in percentages) and provided as graphical feedback in round 2. In the second
round, participants were asked whether they agreed that
European capacity to identify emerging infectious animal
diseases is stronger than European capacity to control
them. In addition, participants were asked whether they
agreed that European capacity to prevent emerging infectious animal diseases is stronger than European capacity
to control them. For both these questions, responses
were collected through the following categories: “agree”,
“disagree”, or “no opinion”. Besides these questions, participants were asked in the ﬁrst round whether existing
predictive methodologies were adequate. From the literature review (EMIDA, 2009) four predictive methodologies
currently used within the area of animal health were
selected: these included the literature review, scenario
study, horizon scanning, and workshop (see Appendix A).
The methodologies were rated on a 5-point scale (anchored
by 1 = ‘completely agree’ to 5 = ‘completely disagree’ and
‘no opinion’).

2.3.2. Drivers of future threats to emerging infectious
animal diseases
Participants were asked in the ﬁrst round to identify
which drivers of animal diseases and (emerging) threats
to animal health they expected to be important in the
short term (the next 5 years) and the medium term (the
next 10–15 years). In the second round, these drivers
were coded into superordinate categories, and participants were asked to rate whether each driving force
would increase or decrease the incidence of infectious
animal diseases in Europe in both short and medium
term (rating scale items: “increase incidence of infectious animal diseases”; “decrease incidence of infectious
animal diseases”; “no effect on incidence of infectious
animal diseases”; in addition, a “no opinion” response
option was provided). In addition, a condensed list of 34
threats to animal health was developed from the ﬁrst
round qualitative responses, and participants were asked
to rate their importance in the second round, again in both
the short and medium term. These threats were divided
into ﬁve related groups: ‘disease agents’1 ; ‘complex infections’; ‘speciﬁc animal diseases’; ‘route of transmission’;

1

The item was phrased in the questionnaire: “family of agents”.
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and ‘other emerging threats2 (Appendix B). These classiﬁcations were agreed by the researchers involved in
developing the survey. The extent to which these threats
were estimated by participants to pose an important threat
to animal health was rated by participants on a ﬁvepoint scale (anchored by 1 = ”very important” to 5 = ”very
unimportant”, with a “no opinion” option). Following completion of these ratings, participants were asked to select
the three most important threats and to link these three
threats to the drivers which were also included in the
second questionnaire, in order to investigate participant
opinion regarding the driving forces related to the most
important threats.

2.3.3. Future research topics relating to emerging
infectious animal diseases
In the ﬁrst round, qualitative questions inquired after
what future research topics need to be addressed at the
European level, in both the short and medium term. In the
second round, these responses were coded and ordered,
and participants were asked to rate the extent to which
they agreed or disagreed whether each issue should be prioritised. Ratings were made on a 5-point scale (anchored
by 1 = ”completely agree” to 5 = ”completely disagree” and
“no opinion”).

2.3.4. Background information
At the end of the ﬁrst round, some background information about the participants themselves was gathered,
such as gender, age, and area of expertise. In addition,
space was provided to allow participants to make additional comments if needed. Participants who did not return
information about their background in the ﬁrst round also
received these additional questions in the second round.

3. Results
3.1. Sample characteristics
In the ﬁrst round, 217 experts were invited to participate in the Delphi survey. Of these, 143 (66% response rate)
participated in the ﬁrst round of which 108 (76% response
rate) also participated in the second round. Participants
were predominantly male (77% in round 1 and 80% in round
2). In both rounds, most participants were over 46 years old
and held more senior positions within their organisations
throughout Europe (Tables 1 and 2).
With respect to their main area of expertise, participants
from animal diseases, zoonoses and veterinary medicine
were over-represented in comparison to the other areas of
expertise. This may be a consequence of the use of cascade
methodology to access personal contacts of the EMIDA consortium, as well as the topic of the research (Frewer et al.,
2011).

2
The item was phrased in the questionnaire: “epidemiological situation”.
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Table 2
Response rates and distribution across EU member states.
Geographical location
a

Region

Number of responses

Country

Round 1

Round 2

Belgium
France
Ireland
Netherlands
United Kingdom

53
7
21
2
14
9

36
4
14
2
9
7

Austria
Czech Republic
Germany
Switzerland

26
3
6
11
6

21
3
5
8
5

Israel
Italy
Spain

27
4
18
5

23
4
16
3

Denmark
Finland
Lithuania
Norway
Sweden

32
9
5
3
5
9

27
9
4
2
4
7

Atlantic

Continental

Mediterranean

Nordic/Baltic

a
This regional division reﬂected the assumed inﬂuence of climate
zones on emerging diseases and epidemiological factors such as proximity to other areas where animal diseases were emerging (European
Environment Agency).

3.2. Preparedness for emerging infectious animal
diseases
3.2.1. European preparedness regarding the
management of emerging infectious animal diseases
In the ﬁrst round, participants were requested to
rate Europe’s preparedness regarding the management
of emerging infectious animal diseases, speciﬁcally with
regard to their identiﬁcation, control and prevention.
About half of the respondents (49%) thought that the
European capacity to identify emerging infectious animal diseases is adequate, against 33% of whom thought

Fig. 1. Opinions of experts regarding EU capacity to identify, prevent
or control emerging infectious animal diseases. The level of agreement
was measured with a 5-point scale. ‘Agreement’ is aggregated from the
categories ‘completely agree’ and ‘agree’, and ‘disagreement’ from the categories ‘completely disagree’ and ‘disagree’. ‘Neither agree nor disagree’
is omitted from this ﬁgure for ease of interpretation.
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Fig. 2. Effect of driving forces on the incidence of infectious animal diseases in Europe in the short and medium term. N.B. Increased globalisation of trade
implies that driving forces other than just animal movement are relevant, for example, feed-borne and vector-borne disease which can be exported and
imported across increasingly broad geographical and economic regions.

it is inadequate (Fig. 1). In contrast, a slight majority of participants (56%) disagreed that the European
capacity to prevent emerging animal diseases is adequate (21% agreed). Regarding the adequacy of European
capacity to control the occurrence of infectious animal
diseases, participants were ambivalent (Fig. 1). Overall, participants indicated that further development of
research in regard to risk management activities is
required, in particular with regard to preventive measures.

3.2.2. Efﬁcacy of predictive methodologies
The four predictive methodologies were all rated as
useful and only slight differences were observed in the
ratings: workshop (80% agreed usefulness, 3% disagreed);
horizon scanning (75% agreed usefulness, 5% disagreed);
scenario study (73% agreed usefulness, 9% disagreed); and
literature review (70% agreed usefulness, 14% disagreed).
In addition, participants were asked to suggest additional
methodologies, of which different modelling approaches
(e.g. epidemiological modelling, mathematical modelling,
and quantitative predictive modelling) were suggested as

appropriate, together with applications of holistic systems
and applying a combination of methods.

3.3. Drivers of future threats to animal health
3.3.1. Driving forces on the incidence of infectious animal
diseases in Europe in the short and medium term
Increased globalisation of trade, increased transportation of animals or animal products, and increased contact
between animals, and between humans and animals, were
perceived to result in an increase of the incidence of emerging infectious animal diseases (Fig. 2). Against this, drivers
related to regulatory and control measures (including
improved risk management and novel prevention strategies) were perceived as resulting in potential decreases in
the incidence of infectious animal diseases.
Disagreement between the expert participants regarding the direction of impact of some drivers was also
observed. These related to differentiation between international and European animal health regulations, and
increased food production (Fig. 2).
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3.3.2. Future threats to animal health
In the ﬁrst round threats to animal health in both
the short and medium term were identiﬁed qualitatively. For the second round, the responses were
collated and divided into ﬁve groups according to
the type of threat. All threats were rated ‘important’,
though the threats within the groups ‘Disease agents’,
‘Complex infections’, and ‘Route of transmission’ were
regarded as being slightly more important in the short
term than in the medium term (Manova, comparisons
between short and medium impacts by threat, respectively, F(1,42) = 4.85; p = .03 and F(1,58) = 4.99; p = .03 and
F(1,71) = 5.17; p = .03).
Participants were asked to select the three most important threats, and to link these to the drivers already
identiﬁed. In order to identify the relation between
the threats and drivers, majority agreement is suggested for those items when more than two-third of the
participants selected the driver. These results are summarised in Fig. 3.3 The threats ‘introduction of exotic
diseases in Europe’, ‘emerging unknown/novel pathogens’,
‘emerging and re-emerging agents’, and ‘zoonoses’ were
most frequently connected to drivers related to the
increase or decrease in incidence of emerging infectious animal diseases (in the short and/or medium
term).
3.4. Future research topics relating to emerging
infectious animal diseases
A long list of participant suggestions was obtained
regarding potential research topics focusing on emerging
infectious animal diseases which will need to be addressed
at the European level (in both the short and medium term).
These were allocated into superordinate categories, each
of which was rated regarding its importance as a European
research topic in the second round and have been divided
into research priorities and research disciplines (Table 3).
Participants rated all future research topics as important.
In addition, no signiﬁcant differences were found between
any of the topics, regarding whether they were short or
medium term priorities.
4. Discussion
From the ﬁrst, mostly qualitative, round, one theme
appeared from the responses as being very important: preparedness for emerging infectious animal diseases. This
theme appeared not only within the questions polling management of emerging infectious animal diseases, but also
when identifying research priorities, and drivers for these
diseases. Participants identiﬁed various drivers relating to
regulatory and control measures. With respect to European preparedness in regard to prevention, identiﬁcation

3
From the rated drivers (see also Fig. 2), only those drivers that were
selected by ≥75% of respondents to either increase or decrease the incidence were selected for Fig. 3. The selected threats each had at least one
driver connected to them that was combined 15 times or more in one of
both time frames.
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Table 3
Future research topics as included in the second round questionnaire split
over research priorities (topical) and research disciplines.
Research priorities

Research disciplines

Emerging diseases
Host–pathogen interaction
Improve surveillance
(diagnostics)
Improve/develop early
warning systems
Improvements in
emergency preparedness
Improvements in
emergency response
Resistance of pathogens to,
e.g. anti-microbials
Vaccine development
Vector related research
Zoonoses (in general) and
zoonotic pathogens

Biology
Climatology
Ecology
Economics, related to animal health
Entomology
Epidemiology
Immunology
Risk analysis
Virology

and control of emerging infectious animal diseases, participants indicated that further development of research into
risk management activities are required and that their current status is not adequate. In general, current knowledge
and disease control tools are not adequate within Europe.
This result provides empirical support for the conclusion
that greater investment in preparedness has to be an essential component of resource allocation.
Part of the identiﬁed future research priorities dealt
with the need to improve (or develop) systems relating
to surveillance, early warning, emergency preparedness
and emergency response. The identiﬁed research priorities focused as well on biological science developments,
such as research relating to vaccine development and
identiﬁcation of vectors or emerging pathogens. In addition, participants identiﬁed several research disciplines
that are relevant to research on emerging infectious diseases. They identiﬁed both disciplines from biological
science (for example, epidemiology or virology) as well as
socio-economical disciplines (such as economics, risk communication and risk management).
The results suggested that socio-economic drivers, such
as movement of animals, international trade, globalisation, interaction between wildlife and production animals,
climate issues, and EU expansion, would increase the
incidence of emerging infectious animal diseases. Furthermore, participants indicated that improved regulatory,
policy and natural science developments, such as novel
vaccines, may help to reduce the incidence of such diseases. From this, one might conclude that interdisciplinary
research which addresses both natural and social drivers of
emerging infectious animal diseases needs to be developed
if effective prevention and mitigation strategies are to be
operationalised.
The predictive methodologies included in the Delphi
survey (literature review, scenario study, horizon scanning, and workshops), were all conﬁrmed as useful when
applied to the area of animal health and emerging infectious animal diseases. The methodologies suggested by
participants mainly consist of different types of data modelling, which provides a relatively simple platform to test
in theory (possibly) complex real-world issues. In addition,
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Fig. 3. Relation between threats and drivers to emerging infectious animal diseases. The white circles indicate when the majority of participants agreed
that there was a strong relation between drivers and threats in the short term, and the black circles when there was majority agreement in the medium
term. When both white and black circles appear in a cell, the majority of participants agreed that the relationship existed in both the short and medium
term. Key: () majority agreement in short term (i.e. more than two-thirds agreed). (䊉) Majority agreement in medium term (i.e. more than two-thirds
agreed).

data modelling allows for validation of scenarios which
are similar to those found in the ﬁeld, and therefore may
save resources, either immediately or in the future. Furthermore, participants suggested that using a ‘combination
of methods’ (in other words, triangulation of results from
different data streams) may facilitate the effectiveness
of prediction. Integrating this with earlier reported outcomes, the use of triangulation of data might be to apply
different interdisciplinary research approaches to provide

information relevant to the prevention and mitigation of
emerging infectious animal diseases.
All threats identiﬁed by participants in round 1 were
rated to be of importance in the second survey round.
The threats were combined with the drivers to obtain a
more clear association of how these threats might spread
or be moderated. The ‘threat of introduction of exotic
diseases in Europe’ and ‘emerging unknown or novel
pathogens’ were thought to be possibly reduced in the
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short term through increased surveillance and monitoring,
novel vaccine development, increased control measures,
and international regulatory harmonisation. In addition,
these same factors were thought to possibly decrease the
incidence of zoonoses in the medium term. With regard
to a possible increase in incidence no clear relationship
was identiﬁed. When comparing the different outcomes of
the survey, zoonoses and vector-borne diseases were not
just identiﬁed as important threats but also identiﬁed as
future research priorities, indicating their signiﬁcance. The
drivers that were most frequently related to these significant threats were ‘increased movement of animals’ and
‘increased need for surveillance and monitoring’.
Delphi methodology is often applied to the development of consensus across an expert group regarding an
issue or policy option. The Delphi study presented was
employed at an exploratory stage of research, and will contribute to the development of a common strategic research
agenda on emerging and major infectious diseases of livestock. The strength of this study is that implicit research
priorities have been made explicit through empirical analysis, which not only reﬂects and aggregates the views of
disparate experts, but may also test assumptions which
have not hitherto been questioned. The outcomes are presented as aggregated or averaged responses. It is also
important to note that “outlier” opinion may be of importance, but the relatively low level of interdisciplinarity in
expertise may have resulted in a bias towards homogeneity
in initial responses, and so potentially “outlier” responses
could not be rated by the participants in round 2.
The differences between the short and medium term
time frames were not marked. A broader differentiation
between times might have provided a more distinct difference (e.g. Suk et al., 2008). However, several participants
noted that it was difﬁcult (if not unfeasible) to foresee the
future, regardless of a speciﬁcation of time frames.
There was lack of consensus across the participant
group regarding the (direction of) impact of some potential
drivers of emerging infectious animal diseases. If this study
aimed for consensus of opinions, then ideally, these issues
would have been further investigated in a subsequent
round (or rounds) including feedback from the previous
round. However, the study aimed to report research priorities as suggested by the respondents, which were obtained
within these two survey rounds. In addition, given that
the results from this Delphi study, including those where
consensus did not occur, were presented to the participants of the subsequent consensus workshop, it may be
assumed that further discussion regarding participant disagreement was discussed by workshop members in the
subsequent consensus workshop (EMIDA, 2010). Alternatively, lack of consensus might indicate the participants’
uncertainty whether or not a speciﬁc issue was relevant,
or uncertainty in the extent to which participants were
certain of their answer. Uncertainty analysis as described
by Walshe and Burgman (2010) might help determine
whether this was indeed the case, and may provide a solution when applied to future exercises. It is of relevance
to note that a number of ‘economic’ quantitative modelling techniques (as far as they concern the allocation of
resources to different disease-control strategies) have been
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used to provide information to help decision makers choose
appropriate livestock health and disease-control strategies.
These include mathematical programming, network analysis, decision analysis, simulation and cost–beneﬁt analysis
all have been applied to livestock disease-control decisions
(for reviews see Bennet, 1992; for examples of application
see Harvey et al., 2007). Such approaches might usefully
be applied to the context of emerging infectious animal
diseases given the economic importance of the animals
affected.
An important result is that more emphasis should be
given to prevention and control measures, as opposed to
mitigation. The prioritisation is acknowledged by many risk
managers active in this area, and other European activities have led to the same conclusions. For example, the
European Technology Platform for Global Animal Health
and the associated EU project DISCONTOOLS have identiﬁed the need for developing effective tools for controlling
infectious and contagious animal diseases, for example
through more effective epidemiological assessments, economic evaluations and risk analysis and, in the longer term,
breeding for resistance (European Technology Platform
for Global Animal Health, 2011). The fact that similar
results have been reached through application of different methods lends support to the robustness of the overall
conclusions, as well as the need for an interdisciplinary
approach to animal disease management.
Finally, a bias in responses may have been associated
with the type of sampling used. Although a sampling
frame which focused on multiple areas of expertise has
been applied to select experts, most participants reported
their area of expertise to lie within animal diseases,
veterinary medicine and epidemiology. The use of cascademethodology may have affected the participant list as
more experts in certain areas of animal health were
recruited because more experts in these areas were originally involved in the EMIDA network. In addition, the use of
this methodology within this network may have resulted in
a bias towards participants from the Atlantic region. Therefore, a comparative analysis based upon these four regions,
which could have identiﬁed research priorities speciﬁc to
a region or threats more predominant in certain regions,
has not been performed. Whilst every effort was made to
include a range of expertise from individuals with a range
of disciplinary backgrounds with an interest in the area
of infectious animal diseases, the sample was dominated
by participants indicating that their main interest was in
animal diseases, veterinary medicine and epidemiology. It
is suggested that this reﬂects a bias in the institutional
recruitment of expertise to the study of infectious animal diseases, as well as the differential regional resource
allocated to the area of research across Europe. Therefore a criticism of the study was that recruitment was not
assessed against a “European map” of interested expertise,
although, to our knowledge, this information is not accessible at the current time. The use of co-nomination (where
respondents are asked to identify suitable participants to be
additionally included in the study, whilst at the same proﬁling their own expertise), may represent a useful approach
to identifying additional experts in foresight studies whilst
at the same time facilitating the “mapping” of relevant
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expertise (Nedeva et al., 1996) and should be considered in
future research of this type. As a consequence, the division
into regions was incorporated in the subsequent consensus
workshop providing outcomes on both pan-European as
well as the four regional levels, although it should be noted
that the workshop involved fewer participants than were
included in the Delphi survey owing to logistic limitations
and availability of participants (EMIDA, 2010).
It is possible that a “bias” in the summarised Delphi
summaries might arise because of the differential weighting of experts with different types of expertise. Arguably
statistical comparison of the opinions and views of different experts would enable identiﬁcation of such biases,
although it is difﬁcult to obtain a sample totally representative of all relevant expertise, or indeed establish relative
weights regarding the inputs of different experts into the
ﬁnal conclusions. In the research reported here, the domination of experts identifying a dominant expertise in the
area of animal disease zoonoses and veterinary medicine
reﬂects the issue under discussion. Whilst meaningful statistical comparison between experts in these domains and
other types of expertise regarding opinions and priorities is
not practical in the current study, given the very low numbers of participants in the latter categories, this may be a
comparison which is relevant in future studies where the
distribution of different types of expertise is more equal
across expertise domains.
5. Conclusions
Within this study, drivers related to regulatory and
control measures were perceived as resulting in a potential decrease, as the more socio-economic drivers would
increase the incidence of emerging infectious animal diseases. The drivers ‘movement of animals’ and ‘increased
need for surveillance and monitoring’ were the principal
drivers to which the threats were connected. More speciﬁcally, the ﬁrst driver was identiﬁed as potentially increasing
the incidence of threats, and the latter driver may reduce
the incidence. The most frequently related threats were:
‘threat of introduction exotic diseases in Europe’, ‘emerging
unknown/novel pathogens’, ‘emerging and re-emerging
agents’, and ‘zoonoses’.
Participants within this study have not only identiﬁed
threats to animal health, but also identiﬁed possible mitigatory actions to reduce the negative impact of these
threats. In order to control emerging infectious disease
threats, resource allocation should increasingly focus on
the development of effective policy measures regarding emergency preparedness. Furthermore, resources are
needed to fund natural sciences development that support
these risk management measures, such as research relating
to disease agents (e.g. host–pathogen interaction), route
of transmission (e.g. vector-borne diseases). Participants
have emphasised that socio-economic research is needed
to understand drivers of emerging infectious animal diseases, as well as to develop control measures which are
both socio-economic and technical. Therefore, resources
are needed to study socio-economic factors which may
be relevant to the prevention and mitigation of emerging infectious diseases. Examples include supply chain

management, risk communication and risk management
systems, and economic drivers. Participants also identiﬁed
that an interdisciplinary approach is required in the future
if the mitigation and prevention of infectious animal diseases is to be optimised.
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Appendix A. Deﬁnitions of predictive
methodologies as included in the Delphi study
A.1. Literature review
Providing an overview of (published) study results
(information or data sources) regarding a speciﬁc topic of
(future) interest. The review may follow a speciﬁc type of
structure for collating and analysing the relevant literature. Such studies may vary in terms of timescale, domain,
topic, literature/information used. In addition, the aim of
the literature review may vary. For example, such aims may
include performing a “gap analysis” for priority setting.

A.2. Scenario study
Involves bringing together (expert) stakeholders in
order to get people to map possible outcomes of a particular
future scenario. Scenarios are stories that represent some
future event. Such studies may vary in terms of timescale,
domain, topic, and presence/absence of structured guidelines (e.g. for the storyline), and by whether the scenario is
created by the researcher or the participants. Scenarios can
help to get people to consider what they would do given an
unfavourable forecast, as well as that scenarios can be used
to gain acceptance of forecasts.

A.3. Horizon scanning
Consideration of future risks based on information from
any source in order to identify priority areas and develop
short-term projects (such as desk studies and expert workshops) to mitigate potential risks. Such ‘horizon scans’ may
vary in terms of timescale, domain, topic, and methodology,
but they are similar in the sense of scanning for information and extrapolating the results to the future. They may
involve exploring novel and unexpected issues, as well as
persistent problems or trends relevant to the topic.
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A.4. Workshop
Can be used for future plans, solving problems, or
fact-ﬁnding (gathering knowledge). It is a meeting in
which the selected stakeholders (participants) are the primary resource. Stakeholders are selected based upon their
knowledge or relevant experience regarding the topic. A
workshop is usually structured (through an agenda). A
workshop differs from the methods deﬁned above, by having a pre-deﬁned topic set by the organiser.
Appendix B. Categorised future threats to animal
health, divided into ﬁve groups according to the
type of threat, collated from round 1 responses
B.1. Disease agents
Arboviruses
Bacterial agents
Non-zoonotic diseases
Parasites
Pestiviruses
RNA virus
Virus
Virus, endogenous
Zoonoses
B.2. Complex infections
Complex/multifactorial disorders
Digestive system disorders
Infectious abortigenic agents
Locomotory system diseases
Mastitis
Production diseases
Reproductive disorders
Respiratory disease complexes
B.3. Speciﬁc animal diseases
Aquaculture diseases, (ﬁsh, molluscs)
Bee diseases
Other animal diseases
B.4. Route of transmission
Airborne infections
Direct contact zoonoses
Food borne agents
Rodent borne diseases
Vector borne diseases
Water borne agents
B.5. Other emerging threats
Antibiotic resistance
Bioterrorism
Emerging and re-emerging agents
Emerging unknown/novel pathogens
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Endemic diseases in Europe (threat of dissemination in
Europe)
Increase in virulence
Opportunistic diseases
Threat of introduction exotic diseases in Europe

Appendix C. Supplementary data
Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.prevetmed.
2011.09.021.
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