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Foreword

The surveillance of animal diseases has been of major importance to global trading 
markets and has gained even more importance with regard to public health issues 
due to incidents such as the SARS episode in 2003 and more recently the threat of 
influenza and the Covid-19 pandemics. Highly contagious animal diseases such as 
foot and mouth disease are a significant threat to trade and could lead to export bar-
riers and major economic losses if not detected early enough. Moreover, zoonotic 
diseases (transmitted from animals to humans) account for 60% of human infec-
tious diseases, while almost 100% of emerging infectious diseases in humans are of 
animal origin. This early detection of health events is critical to prevent their intro-
duction and spread, and to limit their health and economic consequences especially 
with zoonotic risks as seen with the Covid-19 pandemic. National animal health 
surveillance systems are in place to ensure this early detection of the emergence and 
control of circulating diseases.

The OIE defines the surveillance of animal diseases as the systematic ongoing 
collection, collation and analysis of information related to animal health and the 
timely dissemination of information so that action can be taken. This definition 
includes critical elements relating to (i) the sustainability of activities in the long 
term, (ii) communication to relevant actors and (iii) the possibility of follow-up 
action. The quality of information generated by those systems provides the basis for 
global trade agreements and health risk prevention and control. Those systems need 
to be evaluated to ensure their performance and quality, and the optimal use of 
resources, especially in settings where resources are limited.

The surveillance of animal diseases is underpinned by a complex system essen-
tially made possible by people sharing health information and making decisions 
based on it. In their decision-making on whether to share health information with 
other actors or not, each actor is influenced by his or her own context and constraints 
(socio-economic, cultural, religious, political): from the source (farmers) to policy- 
makers and vice versa; through to the entire chain of intermediary actors that com-
prise local Veterinary Services (veterinary paraprofessionals, public or private 
veterinarians, etc.) and political entities (e.g. village chief). The proper functioning 
of these networks therefore not only depends on the technical and economic con-
straints inherent to the organisation of the network and monitoring protocols (strate-
gies), but also to the social issues generated by this network of contacts and 
information flows. However, until recently these aspects were not considered in the 
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process due to the lack of tools and methodologies available. This book aims to 
provide key elements and methodological advances to address this gap.

International consensus and social acceptance has been achieved around the need 
to strengthen health surveillance, especially in regard to the Covid-19 emergence, 
yet the relevant definition of priorities and the appropriate allocation of resources 
remain major issues: where, when, how and with what funding?

The answers to these questions will vary depending on:

• the point of view: the priorities defined for a specific monitoring programme will 
be different for an individual (e.g. a poultry producer), society or state due to the 
different nature of the costs and benefits generated

• the geographical scale considered (local, national, regional or international)
• the time period chosen (short, medium or long term)

In many countries, according to the outcomes of the OIE PVS missions1 carried 
out by OIE experts, the performance of animal health surveillance systems is per-
fectible. Nevertheless, conclusions on the epidemiology of diseases and decisions 
are made based on these findings. Evaluation is an essential step in the decision- 
making cycle to especially ensure the quality of the evidence used. The evaluation 
of surveillance can be envisaged in a global or targeted way by distinguishing on the 
one hand the operation of the network (‘network process’) and on the other its gov-
ernance (national monitoring strategy, ‘surveillance policy’). This distinction of 
scale will appeal to different methodological, socio-economic and institutional 
issues. The evaluation at the network level will try to answer the problem of social 
construction and the network’s integration into this construction (what are the social 
issues related to the operation of the network?), by appealing to socio-economic 
issues, economic and political policies (is the strategy applicable?). At the level of 
governance, the issues will relate to the health and socio-economic contexts (is the 
strategy adapted?) and institutional issues (is the strategy applied?).

The transparent and objective interpretation of evaluation results allows for more 
objective decision-making and resource allocation, as well as a definition of more 
appropriate surveillance strategies and thus an improvement in the acceptability of 
the system by different stakeholders (local level: producers and veterinarians; 
national level: national veterinarians, reference laboratories, decision-makers). 
These aspects are essential when addressing underreporting issues and improving 
our understanding of the epidemiological cycles of animal and zoonotic diseases, 
including novel pathogen emerging risk.

The issues of priority, sustainability, social acceptance and communication are at 
the heart of the concerns of policy-makers when it comes to defining and imple-
menting their strategies. Over the past decade, governments have seen their budgets 
dwindle, highlighting the need to evaluate the efficiency of their surveillance actions 
and to optimise actions to develop health surveillance at the global level. However, 
these assessments are not simple to implement, owing to both a lack of the 

1 https://www.oie.int/solidarity/pvs-pathway/
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necessary data and conflicts of interest with other public actions and private actors 
of health surveillance.

Innovative methods and tools such as the ones presented in this EVA book 
are needed to overcome these shortcomings and to enable countries to optimise 
the management of their resources in terms of investment in animal 
health policy.

Monique Éloit
Director General, World Organisation for Animal Health (OIE) 

Paris, France

Foreword
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Needs for Evaluation of Health Surveillance

This section provides the baseline elements required to understand what is a health 
surveillance, how does it work and why it needs to be evaluated. It takes the reader 
through the definition and theoretical basis of surveillance, surveillance systems, 
evaluation and evaluation of health surveillance systems. The section also presents 
the different types of evaluation and how they could be applied to evaluate health 
surveillance systems.

Highlights:

• Health surveillance is critical to ensure early detection of emerging diseases.
• Timely evaluation is required to design and implement efficient and sustainable 

surveillance systems.
• Decision-makers are looking for scientific based evidence on how to best allo-

cate resources for health surveillance—including comparing the cost and bene-
fits of disease impact, surveillance and control.

• Practical and simple guidance on how to implement health surveillance evalua-
tion—including economic evaluation of health surveillance systems—is required 
to better inform decision-making.

Evaluation Frameworks and Tools

This section provides an overview on the evaluation guidance available to account 
for the complexity of the surveillance systems under evaluation both in terms of 
diversity of objectives and diversity of actors. This section provides a step-by-step 
guidance on how to perform such evaluation and describe the current tools available 
to facilitate this process. Such tools could be used by technical advisers of health 
programme decision-makers to provide scientific based evidence on how to best 
design or improve health surveillance systems performances and process.

Highlights:

• Health surveillance systems are complex systems made of a diversity of actors 
addressing different objectives.

EVA Book Sections Summary and Highlights
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• Each actor of the system has its own needs and constraints which can impact the 
surveillance process—such aspects must be considered in the evaluation.

• Integrated evaluation is required to evaluate technical performances but also pro-
cess and economic aspects of the surveillance systems.

• Integrated evaluation required interdisciplinary approaches combining epidemi-
ology, social and economic sciences.

• An evaluation process can be split into three main phases: planning; framing and 
implementing (including reporting).

• The EVA Survtool promotes an integrated evaluation approach and can be used 
by decision-makers to facilitate the evaluation of health surveillance systems.

• The Eva tool includes a step-by-step guide on how to best perform the evaluation 
and provides a reference online platform for health surveillance evaluation 
methods.

Economic Evaluation

This section presents the basic principles behind economic evaluation of surveil-
lance—highlighting its challenges linked to the close relationship between surveil-
lance and intervention and the need to express benefits and cost in monetary terms 
for classical economic evaluation. This book presents methods applicable in both 
developed and developing countries to capture these elements and make meaningful 
recommendations to improve disease surveillance systems worldwide. The applica-
tion of participatory approaches to capture social benefits and costs highlights the 
complexity of the surveillance process and the impact of social and cultural fac-
tors—not yet translated into monetary value—on individual decision-making which 
can also impact national disease surveillance and control policy if they are not con-
sidered in the evaluation and surveillance design processes.

Highlights:

• Perception of surveillance is affected by the socio-economic context.
• Disease impact and therefore surveillance benefits in avoiding those impacts are 

reduced by alternative options linked to the socio-economic context.
• People perception is strongly affected by surveillance consequences (= control 

actions).
• Some perceived costs do not have a market value (e.g. emotional distress, moral 

link to technical network, fear of conflict).
• It is necessary to characterize the contextual factors which affect surveillance 

function and performances and therefore its economic value.
• One Health approach can be taken to account for externality of zoonoses or envi-

ronmental issues (e.g. AMR): how to measure the added value.
• One Health approach can generate intellectual capita that could better inform 

control measure and generate a measurable health effect.
• Gains in information and knowledge should be measured to assess the added 

value of One Health.

EVA Book Sections Summary and Highlights
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• Experimental economics can be used to describe, conceptualize and quantify 
non-monetary surveillance benefits.
 – Stated preference method can be used to assign value to benefits with non-

market value and to estimate the willingness of farmers to accept different 
policy arrangement.

• Compensation levels are of secondary importance in the decision to report a 
health event—outstated by the uncertainty of receiving the compensation and the 
culling strategy.

Qualitative Evaluation Methods

As seen with the Covid-19 pandemic crisis, social acceptance, communication but 
also priority and sustainability are at the heart of concerns for decision-makers 
when it comes to define health surveillance and control strategies. Qualitative meth-
ods sometimes combined with quantitative ones are essential to capture such critical 
elements. This section presents an overview of existing qualitative methods to eval-
uate health surveillance systems including the added value of participatory 
approaches and the remaining challenges in this area. This section provides also 
detailed information on practical tools recently developed to assess qualitative attri-
butes such as acceptability (AccePT method—Chapter 8) and degree of collabora-
tion between partners (ECoSur tool—Chapter 9).

Highlights:

• Socio-economic and cultural constraints impact the decision of the actors of the 
surveillance system to postpone or not a case of illness.

• The types and responses to these constraints is not depending on the country 
development level; it depends strongly on the structure of the livestock sector 
concerned.

• The design of more effective and efficient surveillance systems, as well as their 
evaluation, requires the application of innovative methods and tools accounting 
for the perceptions, expectations and needs of the different actors.

• Participatory approaches are flexible enough to account for such socio-economic 
and cultural constraints.

• Acceptability refers to the willingness of individuals and organizations to partici-
pate in surveillance, as well as the extent of involvement of each of these users.

• The AccePT method is a standardized method to assess the acceptability of sur-
veillance via participation of the network’s actors.

• The AccePT method also leads to a better acceptability of the evaluation itself 
thanks to the direct involvement of the actors in the evaluation process.

• Collaboration means interactions between actors operating in different surveil-
lance components and that improve the value of the surveillance system.

• ECoSur (Evaluation of Collaboration for Surveillance) evaluates the organiza-
tion, functioning and functionalities of collaboration taking place in a multisec-
toral surveillance system such as One Health surveillance systems.

EVA Book Sections Summary and Highlights
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Quantitative Evaluation Methods

Surveillance data are often non-exhaustive, partially distorted and, also sometimes, 
non-representative because often generated by imperfect reporting, diagnosis, sam-
pling and testing processes. Such ineffective surveillance can result in misjudging 
an epidemiological situation and adopting inappropriate intervention measures. 
These issues have been clearly highlighted during the Covid-19 pandemic crisis. 
There is a recognized need for more effective health surveillance which could be 
achieved by making sure regular and fit-to-purpose evaluations are performed. This 
section presents quantitative methods and tools to assess the performances of health 
surveillance systems—such as statistical (data-based) or mathematical simulation 
(process-based) modelling—to ensure quality of the data generated and to provide 
meaningful recommendations for improvement.

Highlights:

• Effectiveness is the ability of surveillance systems and strategies to reach their 
objectives.

• The evaluation attributes best reflecting effectiveness will depend on the surveil-
lance objectives.

• Effectiveness attributes can be estimated by analysing the data directly produced 
by the surveillance system—when available—or by modelling surveillance 
processes.

• Data-based methods—such as multilist of unilist capture–recapture methods—
rely on the availability of surveillance data and can only be applied ex post or in 
itinere (after or during the implementation).

• Process-based methods—such as mathematical modelling—depend on the sur-
veillance types (passive or active)

• Passive surveillance requires reporting and confirmation process to be modelled.

Evaluation in the Policy Cycle

Surveillance strategies should be adapted to the local needs and constraints to be 
effective and implemented. It should also be translated into a legalized policy frame-
work to ensure its sustainability. This section focuses on the role of health surveil-
lance evaluation within the health policy cycle, to better inform decision-making. It 
presents key elements and challenges regarding the decision-making process behind 
health surveillance. It provides perspectives and means on how to best address deci-
sion-maker’s needs—based on the innovative evaluation methods and tools pre-
sented in this book, including impact assessment of the evaluation process itself to 
inform policy decision—while designing effective and practical health surveillance 
strategies.

EVA Book Sections Summary and Highlights



xiii

Highlights:

• Surveillance evaluation focuses on measuring the value of surveillance efforts to 
take meaningful actions and to inform policy decisions.

• The integration of surveillance evaluation into the policy cycle for animal dis-
ease mitigation is still in its infancy.

• Evaluation can help in bridging decision-making at practical and policy levels to 
promote positive and dynamic changes.

• Surveillance systems cannot be reduced to the technical and neutral operation of 
collecting, managing and analysing information; it includes decision-making in 
order to control risks.

• There is a gap between the “official” rules and norms (that are generally designed 
by centralized authorities) and their implementation in the field.

• Good governance is an ethical choice but is also the condition for a greater stake-
holders’ involvement and for surveillance effectiveness.

• Understanding how surveillance systems run in practice—real governance—is a 
powerful tool for designing more effective systems.

• Impact evaluation is increasingly requested for both donor and social 
accountability.

• Impact evaluation method can be used to assess the added value of evaluation to 
better inform health surveillance policies.

• Evaluation is critical to inform changes that needs to be adopted in public health 
policies at national level to ensure sustainability and impact of the actions.

EVA Book Sections Summary and Highlights
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About the Book

Over the past two decades, strengthening One Health surveillance has become a 
major issue to prevent emerging pandemic threats such as SARS Cov-1, animal 
influenza, Ebola and more recently SARS Cov-2 (covid-19). The emergence of 
infectious diseases remains a rare event, difficult to detect. Infectious disease infor-
mation at the global level is based on national surveillance systems. The resources 
and reliability of these systems can vary widely, especially in countries with weak 
economies or political instability. In order to ensure the optimal use of resources, it 
is essential to evaluate the systems on a regular and appropriate basis. The issues of 
priority, sustainability, social acceptance and communication are at the heart of the 
concerns of policy-makers when it comes to defining and implementing health strat-
egies. Over the past decade, governments have seen their budgets dwindle, high-
lighting the need to evaluate the efficiency of their surveillance actions and to 
optimise actions to develop health surveillance at the global level. However, these 
assessments are not simple to implement, both by the lack of necessary data and by 
conflicts of interest with other public actions and private actors of health surveil-
lance. Innovative assessment tools are needed to overcome these shortcomings and 
to enable countries to optimise the management of their resources in terms of invest-
ment in animal health policy.

This book provides an overview along with detailed information on methods 
to evaluate health surveillance systems (animal health but also in a one health 
context), and more especially on the recent innovations in this field within the 
past 10 years.

 Target Users

This book has been written for health surveillance and/or health evaluation special-
ists. But it will also be suitable for any health professionals or researchers with a 
growing interest for health surveillance and more especially health surveillance 
evaluation.
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 Overview of the Book Content

The book is divided in 6 parts and 16 chapters, which could be read independently 
and which provide a wide overview on health surveillance evaluation from theoreti-
cal roots to practical implementations using case study demonstration (Fig.  1). 
Through its different parts the book is promoting a practical and an integrated 
approach to health surveillance evaluation, considering technical but also process 
and socio-economic aspects, trying to address the following questions:

• What is evaluation of health surveillance systems and why do we need it? (Part I)
• How to evaluate health surveillance and what to take into consideration within 

the evaluation? (Part II)
• How to evaluate the efficiency and benefits of a surveillance system? (Part III)
• How to evaluate the process and technical efficacy of the surveillance systems 

using qualitative (Part IV) and quantitative (Part V) methods?
• How to ensure integration of the evaluation outputs within the policy cycle? 

(Part VI)
• What are the remaining challenges and needs for innovations in evaluation 

approaches? (Chapter 16)

 Content Not Covered

Although the book gives basic information on what is surveillance and what is a 
surveillance system, it does not present in-depth information on surveillance nor 
methods on how to design surveillance systems. We recommend looking at other 
reference books regarding those aspects (presented at the end of the book).

Fig. 1 The content of the 
EVA book promoting 
integrated evaluation of 
health surveillance systems

About the Book
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Abstract

The need to set up efficient and sustainable surveillance systems has become a 
major concern particularly in recent years, following SARS, H1N1 influenza, 
and Covid19 pandemics. The recent crisis has highlighted the importance to 
early detect new emerging diseases, including zoonosis such as coronavirus, 
MERs-CoV, and Ebola. To ensure implementation of the best surveillance strate-
gies and make optimal use of available resources, it is critical to perform timely 
and relevant evaluations of such systems both at planning and operational steps 
of the process. The evaluation must provide a robust scientific foundation to 
inform decision-makers and meet their demand for simple and practical evalua-
tion guidance. The aim of this chapter is to provide a better understanding on the 
need and challenges for such evaluation of health surveillance systems to ensure 
quality and reliability of the data generated.
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1.1  Introduction

The need to set up efficient and sustainable surveillance systems has become a 
major concern particularly in recent years, following SARS, H1N1 influenza, and 
Covid19 pandemics, which have also highlighted the importance to detect new dis-
eases [1], including emerging zoonosis, for example, MERs-CoV and Ebola. In the 
field of animal health, surveillance systems provide information for effective dis-
ease control, thereby improving productivity and food security, animal welfare, eco-
nomic development, and access to international trade. Moreover, around 75% of 
emerging infectious diseases in humans are zoonoses [2, 3]. Therefore, the capacity 
of surveillance systems to accurately describe patterns of animal diseases is of pub-
lic health importance. Information about infectious diseases at a global scale relies 
on government surveillance systems. And yet the resources and reliability of these 
systems can vary considerably, especially in countries characterized by weak econ-
omies or political instability [4]. To ensure implementation of the best strategies and 
make best use of available resources, it is critical to perform timely and relevant 
evaluations of surveillance systems [1]. Evaluation is one essential step in the policy 
cycle [5]. Evaluation, which implies a judgment on the surveillance systems and 
recommendations for improvement, is a critical part of surveillance in that it allows 
transparent interpretation of outputs, more objective decision-making and resource 
allocation, as well as improvements in system design and enhanced acceptance of 
system outputs by stakeholders [at local (e.g., farmers, veterinarians) and national 
levels (e.g., reference laboratory, veterinarians at central level)]. This is particularly 
important given the knowledge gaps in our understanding of many diseases, which 
leads to varying degrees of uncertainty and bias in generated outputs.

The aim of this chapter is to improve understanding on the need for evaluation of 
such surveillance systems to ensure the quality and reliability of the data generated.

All the notions described in this chapter are important to understand the impor-
tance and challenges of evaluation of animal health surveillance (AHS), along with 
the need to adapt the approach according to the different settings. Comparison 
between “north” [high-income countries (HICs)] and “south” [low- and middle- 
income countries (LMICs)] will be made throughout this section as differences 
between AHS in those settings have to be accounted for when planning and imple-
menting an evaluation.

Reference books on animal health surveillance, providing definition and detailed 
information on what is surveillance, what is a surveillance system/networks, and 
how to design surveillance, are available, and elements from these books will be 
mentioned throughout this section without making systematic reference to them:

• Epidemiological surveillance in animal health, B. Dufour and P. Hendrikx (Ed); 
CIRAD, AEEMA, FAO and OIE edition. 2009.

• Guide to terrestrial animal health surveillance, OIE Ed. 2014.
• FAO. 2014. Risk-based disease surveillance—A manual for veterinarians on the 

design and analysis of surveillance for demonstration of freedom from disease. 
FAO Animal Production and Health Manual No. 17. Rome, Italy.

• Surveillance épidémiologique: principes, méthodes et application en santé pub-
lique, Astagneau et Ancelle Eds. Lavoisier publishing, 2011.
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• RISKSUR consortium: Best practices for risk-based and cost-effective animal 
health surveillance in the European Union available at https://www.fp7- risksur.
eu/progress/best- practice- document (accessed 14/11/2017).

• RISKSUR Glossary for definitions of the terms: https://www.fp7- risksur.eu/ter-
minology/glossary (accessed 14/11/2017).

1.2  Part I: Surveillance

1.2.1  What Is Animal Health Surveillance?

Animal health surveillance (AHS) is the ongoing systematic collection, analysis, 
and interpretation of data and the dissemination of information to those who need to 
know in order to take action [6].

This definition comprises important notions about sustainability and long-term 
action, communication to relevant stakeholders, and perspectives for action.

1.2.1.1  Surveillance Networks
To ensure communication between relevant stakeholders, AHS has to be based on 
an organized structure called network. In LMICs, AHS often rely on the veterinary 
services organization network and do not target a specific disease (cf. Fig.  1.1: 
example of AHS networks). In HICs, AHS networks are often disease or symptoms- 
specific and numerous AHS networks could be mapped in one specific country (e.g. 
a mapping of the AHS activities in France in 2012 accounted for 109 networks and 
components) [7].

1.2.1.2  Surveillance Systems and Components
AHS could be implemented in different forms or activities, which are called “com-
ponents.” The main two types of components are
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Fig. 1.1 Example of animal health surveillance network organization: in LMICs, (a) AHS net-
work often relies on existing veterinary services structure; in HICs, AHS networks are often dis-
ease specific (b)
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 – Passive or scanned surveillance: observer-initiated provision of animal health 
related data (e.g. voluntary notification of suspect disease) or the use of existing 
data for surveillance. Decisions about whether information is provided, and what 
information is provided from which animals is made by the data provider.

 – Active surveillance: initiated collection of animal health related data using a 
defined protocol to perform actions that are scheduled in advance. Decisions 
about whether information is collected, and what information should be col-
lected from which animals is made by the investigator.

A range of surveillance components (and their associated networks) targeting a 
specific hazard is called a surveillance system (e.g., the avian influenza surveillance 
system in Vietnam encompass three main components: passive reporting of out-
breaks, active surveillance in live bird markets, and active surveillance in farms) [8].

1.2.2  Surveillance Is Different from Epidemiological Surveys

 – There is often confusion between epidemiological surveys (study design used in 
epidemiology research or development projects) and surveillance systems, and at 
this stage it is important to highlight the main differences between:

 – Epidemiological surveys are methods used to describe a health event in human 
or animals populations (how, when, and where it occurred) or to identify risk 
factors’ link with occurrence of diseases. A survey may be exploratory, descrip-
tive, or explanatory. Surveys are time-framed, from a given point in time (cross- 
sectional survey) to a specific period of time (longitudinal surveys that can be 
implemented over years or even decades). Surveys can help to draw hypothesis 
on possible risk factors or to test these hypotheses.

 – Surveillance systems are tools and networks used to ensure a continuous and sys-
tematic collection of data (with no limitation in time) leading to action. Surveillance 
can be used for diseases detections or disease trend monitoring. The data pro-
duced by the surveillance systems are regularly analyzed and interpreted to pro-
duce useful information for planning, implementation, or evaluation of control 
options. Surveillance systems are based on networks of actors and surveillance 
activities (or components). These activities may include the implementation of 
surveys (often longitudinal surveys) at one point in the life span of a surveil-
lance system.

1.2.3  Why Do We Need Animal Health Surveillance?

There is a general context of increased risk of disease emergence and spread linked to 
a globalized world, and increased urbanization linked to an exponential increase of 
human population demography and needs for food supply and climatic changes. This 
general context leads to (i) increased contacts with wildlife because of losses of their 
natural habitats and food supply needs from poor communities, (ii) animal breeding 
intensification, (iii) increased resistance to drugs, and (iv) vectors [9] (Fig. 1.2).

M. Peyre et al.
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There are four main purposes of AHS:

 – Detection of incursion of exotic, new (emerging), and reemerging diseases
 – Declaration of freedom from specified diseases and infection
 – Detection of cases of endemic diseases for control or eradication
 – Monitoring of endemic disease for disease prevalence estimation (often to assess 

efficacy of control measures)

There is a global need to strengthen emerging diseases and transboundary animal 
disease surveillances to (i) protect the global human health and prevent potential 
pandemics, (ii) ensure commercial trade of animal products to protect national 
economies and food security, and (iii) prevent production losses to protect poorest 
communities’ livelihood and reduce poverty.

1.2.4  Challenges in Animal Health Surveillance

1.2.4.1  Influence of the Animal Health Management Cycle 
and the Socioeconomic Contexts

AHS is integrated in the animal health management cycle in close connection to dis-
ease control (see Parts III and VI). This cycle is dynamic as disease situation will 
influence surveillance strategies that will influence control strategies and will in return 
influence the situation of the disease (Fig. 1.3). This cycle involves different types of 

Population
growth

Industrialisation Geopolitical
problems

Global
changes

Global trade
Biodiversity erosion

Migratory movements
Ecosystem degradation

(RE)-EMERGENCE
of infectious

and non-infectious
diseases

Fig. 1.2 Global factors and links leading to increased risks in animal/zoonotic disease emergence 
and spread. [10]
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actors (from the farmer to the decision-makers) who take decision and influence its 
outcome. Actors’ decisions are influenced by their own socioeconomic, cultural, and 
political contexts, which vary from and between local, national, and global situations.

1.2.4.2  Which Priorities for Surveillance, Which Point of View?
There is an international consensus and social acceptance of the needs to strengthen 
surveillance; however, the main issue remains on how do we define priorities to 
ensure appropriate resource allocations to strengthen and implement surveillance 
but: where? when? and with which funds?

Answers to these questions will vary according to

 – The nature of the point of view: the priorities set or a specific surveillance pro-
gram will vary for an individual and the society as their costs and benefits will be 
different (Fig. 1.4)

 – The scale taken into consideration (local, national, international)
 – The time horizon considered (short term, mid-term, long term)

Global context

Local context

National context

Prioritisation

COST-EFFECTIVE
ANIMAL HEALTH
SURVEILLANCE

Planning

Design

Implementation
Evaluation

ex ante

Evaluation
in itinere and/or

ex post

Performance
monitoring
in itinere

Fig. 1.3 Animal health management cycle embedded in local, national, and global socioeconomic 
contexts. (Adapted from [11])
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1.2.4.3  A Complex System of Information Sharing
Animal health surveillance is a complex system merging different types of actors 
with different expertise and different administrative levels. At each level, the actors 
hold the key to health information. Each category of actors has specific constraints 
driven by specific epidemiological but also economic and sociopolitics drivers and 
that influence their decision-making in terms of sharing health information and 
reporting or not reporting disease outbreak.

Moreover, health or animal priorities differ between different levels from the 
international to the national level but also from the national to the local level. We 
learn from social science and economics that

 – Global stakes leading to surveillance implementation by governments are not 
shared by local actors. This is often linked to gap in perceptions and gap in 
expectations. (For example, in Southeast Asia, the surveillance of foot and mouth 
disease, which is endemic in the region, has become a priority for the local gov-
ernment in line with the global eradication strategies recently launched by the 
World Animal Health Organisation. However, the disease is not perceived as a 
priority by the local farmers).

 – Every level of the system holds the key to the animal health information, which 
could lead to underreporting situation, local surveillance, and disease manage-
ment, and therefore poor quality of the surveillance data generated by the system.

 – The perception of the costs and benefits involved in animal health disease man-
agement process (including surveillance and control) will be different according 
to the different points of view. It is important in the evaluation process to identify 
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HOUSEHOLD

Surveillance and control costs

Surveillance Process

Control measures

Social costs

Market price impact

Private costs

Control costs
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Transaction costs

Avoided losses

Animal production

Public health
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Value of information
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Biosafety

Fig. 1.4 Costs and benefits resulting for a surveillance program will vary according to the nature 
of the point of view (individual, societal, or state)
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clearly the point of view taken (Fig. 1.4). When looking at the farmer and society, 
it is also important to understand that surveillance involves specific costs and 
benefits that are often not accounted for. This is mostly due to the fact that until 
recently there has been a lack of adapted methodology and a limited consider-
ation of economic evaluation within the animal health surveillance evaluation 
process. Some of the work implemented in the RISKSUR project aimed at 
addressing these two issues by developing an integrated framework for economic 
evaluation of surveillance and specific methods.

1.2.4.4  Seeing the Unseen: Dealing with Underreporting Issues
It is well recognized that underreporting is the main limit of the scanned surveil-
lance component of any health surveillance system and often active surveillance 
components are implemented to compensate for this issue. The iceberg metaphor 
(or paradigm) is often referred to when talking about animal health surveillance, 
with the reported outbreak being the visible part of the iceberg, and the active sur-
veillance increasing this visible part (Fig. 1.5).

One of the main challenges of AHS is to know the real size of the iceberg (the 
real disease situation). Epidemiological conclusions are too often based on what is 
seen (parts A and B), with limited knowledge of any of the relative proportion of 
what is seen (A + B) over the total size of the iceberg (real disease situation). In 
other words, most epidemiological conclusions are often done without knowing the 
performances of passive and active surveillance components.

In many countries, the performances of AHS in terms of case detection ability 
(e.g., sensitivity; knowing the whole size of iceberg), representativeness, and cover-
age remain unknown; however, epidemiological conclusions are being drawn. But 
“a blind use of data without understanding the context and their provenance can 
generate surprisingly false results” (Simpson’s paradox) [12]. However, things are 
changing, and evaluation is becoming increasingly important in health surveillance 
research to improve the epidemiological knowledge and control of animal and zoo-
notic diseases.
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Fig. 1.5 The iceberg paradigm of animal health surveillance
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1.3  Part II: Evaluation

1.3.1  What Is Evaluation?

Evaluation is a systematic determination of a subject’s merit, worth, and signifi-
cance using criteria governed by a set of standards.

• It can assist an organization, program, project, or any other intervention or initia-
tive to assess any aim, feasible concept/proposal, or any alternative, to help in 
decision-making; or to ascertain the degree of achievement or value in regard to 
the aim and objectives and results of any such action that has been completed.

• The primary purpose of evaluation, in addition to gaining insight into prior or 
existing initiatives, is to enable reflection and assist in the identification of 
future change.

• The evaluation process is closely linked to the decision-making process and the 
need to advocate for changes (Fig. 1.6; see Part VI).

• Evaluation can come into many different scales and process according to the 
object and context under evaluation. It is of critical importance to tailor its defini-
tion to the specific object and context of the evaluation (e.g., the definition of 
animal health surveillance evaluation provided below).

The concept of evaluation is an entire field of research by itself and a specific 
discipline, with different schools and theoretical orientations, which will not be the 
object of this book [13]. To get more knowledge on the theoretical fundamentals of 
evaluation, please refer to specific literature.

Evaluation is different from assessment and performance monitoring:

• Assessment is the collection and analysis of data from a defined indicator. 
It is a technical step within the evaluation process.

• Performance monitoring is a day-to-day follow-up of the surveillance sys-
tem operation, done in a continuous manner and whose results are used 
internally by the actors of the system. Performance monitoring is done 
using performance indicators.

Evaluation

Collection Measurement Judgment
Decision

Evaluation phases within the decision making process (Toma et al., 1996)

Fig. 1.6 Evaluation phases within the decision-making process. (From [14])
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1.3.2  Historical Overview of Animal Health 
Surveillance Evaluation

Evaluation of animal health surveillance is a relatively recent but exponentially 
growing field of research and interest (Fig. 1.7).

Until recently, evaluation in animal health has mainly concentrated on the 
evaluation of effectiveness and cost–benefit of disease control, that is, the con-
sequences of surveillance and not on the surveillance process by itself [15]. 
Animal health evaluation guides have been derived and driven by public health 
evaluation approaches; however, no harmonized approaches currently exist in 
both fields and most evaluations are performed on an ad hoc basis or based on 
empirical implementation. A review of the existing evaluation guides is pre-
sented in Chap. 3 of this book. Even though evaluation of public health surveil-
lance systems is anterior from AHS evaluation, the methodological developments 
have been important in the animal health field in the past 10 years. Most of the 
methods developed and presented in this book could be adapted to and inform 
public health surveillance system evaluation.
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1.3.3  What Is Evaluation of Animal Health Surveillance?

The following definition was developed based on a literature review process of eval-
uation and evaluation of animal health terminology, and reviewed by experts in 
surveillance and evaluation within RISKSUR EU project.

What Do We Mean by “Merit of a Surveillance System”? The merit of a surveil-
lance system represents its ability to perform and address its objective (i.e., the 
system is able to detect sufficient number of cases to control the disease; the system 
is able to prove disease freedom status with sufficient robustness). The performance 
of a surveillance system could be assessed at different levels, looking at

 – Technical effectiveness: Looking at specific aspects of the system such as sensi-
tivity, timeliness (cf. Part III).

 – Process effectiveness: Looking at the system organization (e.g., data manage-
ment, acceptability, cf. Part III) and its impact on its technical efficacy.

 – Efficiency: Looking at the added value of the system versus a situation without 
any surveillance or another type of surveillance. This could be done by assessing 
economic criteria (e.g., cost-effectiveness or cost–benefit) (cf. Part III) or look-
ing at the system impact (cf. Part VI).

Which Standard Targets/Criteria or Counterfactual System? In order to define 
the system merit, its technical effectiveness has to be compared to a standard target 
value; its process effectiveness or efficiency has to be compared to a counterfactual 
system; which would ensure that the system will be able to address its objective. 
Both could be defined according to a gold standard (the minimum value required to 

Evaluation is the determination of the merit of a surveillance system/compo-
nent, by confronting the results of the assessment with standards targets, cri-
teria or a counterfactual system. This process shall be transparent, objective 
and evidence-based. The outcome of an evaluation is a judgement and/or rec-
ommendations placed in the overall surveillance context. An evaluation can 
be performed at any development stage of the surveillance system. Ideally, an 
evaluation is conducted in regular intervals in line with the policy cycle, by 
internal and/or external evaluators. One, several or all components in the sur-
veillance system and any number of attributes and/or criteria can be consid-
ered, depending on the evaluation question and the context.

1 Why Do We Need to Evaluate Health Surveillance Systems?
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reach the objective or the ideal system process organization or components) or to a 
defined target value, which could vary according to the different socioeconomic and 
legislative contexts and epidemiological situations. Technical experts should define 
both based on scientific evidences, but the target value will be adapted to the spe-
cific context and could evolve with time.

 – Gold standard target value or counterfactual system examples: To detect highly 
pathogenic avian influenza cases in order to control the disease in a given coun-
try, the system sensitivity should not be lower than 90% with timeliness (the time 
between case detection and control) lower than 1  day. The EU defines target 
prevalence for specific disease surveillance systems; so the system sensitivity 
should be sufficient to detect this prevalence within these requirements. The 
OASIS tool assesses the organization of a surveillance system based on how an 
« ideal » surveillance system should be organized to ensure its performance 
(Epidemiological surveillance in animal health, B. Dufour and P. Hendrikx (Ed); 
CIRAD, AEEMA, FAO and OIE edition. 2009).

 – Defined target value or counterfactual examples: In Vietnam the sensitivity of 
HPAI surveillance system (passive surveillance) has been shown to be lower than 
10%, a new system or component of the system should be developed to increase 
this sensitivity to a minimum of 60% in the first 2 years, and then subsequently 
adapted to detect 90% of the cases. In order to reduce the cost of classical swine 
fever surveillance in Germany, new surveillance system components were 
designed based on specific risk factors (seasonality; age of the animals) and used 
as a counterfactual to assess the efficiency of the system [16].

Why Do We Need Judgment and Recommendations? We need judgment and 
recommendations to advocate for changes implementation. Judgment on the merit 
of a surveillance system is the difference between a technical assessment and an 
evaluation. In order to ensure objectivity of the evaluation outputs, it is recom-
mended that the (independent) evaluator make this judgment (cf. Annex XX on 
evaluator best practices and ethics). However, this could also be done in conjunction 
with the stakeholders or the system and the decision-makers to ensure understand-
ing, adaptability, and acceptability of the judgment and recommendations.

Why Do We Need a “Transparent, Objective, and Evidence-Based” Evaluation? 
And how to ensure these elements? The evaluation should be transparent, objec-
tive, and evidence based to ensure trust in its outcome and promote implementation 
of the recommendations to generate changes. Changes could only be accepted and 
sustainable if they are perceived as in genuinely good to improve the surveillance 
system performances and not unfairly benefiting for some specific stakeholders. 
The evaluation process should therefore be clear and available for all stakeholders, 
along with the outputs and recommendations, especially the way they have been 
designed. Recommendations based on fact (evidences) and objective assessment 
will be perceived as fair. However, transparency, objectiveness, and evidence will 
not ensure acceptability as people make decisions based on their specific context 
(social, economic, cultural) (Chap. 7). These specific contexts should therefore be 
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considered and understood during the evaluation. They will help in the design of the 
recommendations (Chap. 14).

Why Do We Need to Define an Evaluation Context and an Evaluation 
Question? The evaluation context provides the background information that will 
help to make choices about how the evaluation needs to be carried out (Why? What? 
How?). Any evaluation is bound to a specific context (i.e., the surveillance system; 
the nature of the disease; the decision-makers’ need; the cost requirements, legal 
requirements, etc.). The choice of type, level, and elements to be included in the 
evaluation process will depend on the broader socioeconomic context within which 
the evaluation is being performed. Some elements of the context are essential to 
frame the evaluation and define the evaluation question and also to analyze and 
discuss the outputs of the evaluation by setting them back in their context (cf. Sect. 
2, Chap. 4).

Why Do We Need to Define an Evaluation Question? Evaluation comes with a 
cost, the process will be resources demanding (both in terms of human and financial 
resources) according to the type and level of evaluation performed. An evaluation 
should be therefore done with a clear objective, which comes with one or multiple 
clearly formulated questions. This will ensure framing the evaluation process 
exactly to the needs and ensuring saving resources. It is impossible to make a judg-
ment and recommendation without a clearly defined question to address.

1.3.4  What Is Economic Evaluation?

Economics is a discipline focused on the efficiency criteria for making choices 
between alternative uses of limited resources. It provides robust criteria to assess 
how decisions about the allocation of resources impact on the well-being of differ-
ent groups of people in society and for society as a whole. Economics is not only 
about finance (what is the cost?). Economics is about social behaviors for resource 
allocation (which decisions do I need to make?).

Economic evaluation of surveillance systems/components should be required as 
an aid to decision-making in surveillance to inform the allocation of scarce resources. 
It shows the consequences of alternatives and helps to identify which of these are to 
be preferred from an economic point of view.

A unifying underlying principle of economic analyses is to provide a measure of 
the relative value attached to competing alternative strategies and thereby facilitate 
decisions about the allocation of resources. Economic evaluation of surveillance sys-
tem including its principles, methods, and tools is described in Part III of this book.

1.3.5  Why Do we Need to Evaluate AHS?

Perceptions are diverse regarding the primary purpose of evaluation, but the com-
mon ground lies in the fact that evaluators aspire to construct and provide the best 
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possible information that might bear on the value of whatever is being evaluated 
(Fig. 1.9):

• Bettering products, personnel, programs, organizations, governments, consum-
ers, and the public interest

• Contributing to informed decision-making and more enlightened change.
• Precipitating needed change
• Empowering all stakeholders by collecting data from them and engaging them in 

the evaluation process.
• Experiencing the excitement of new insights

As described earlier, we need surveillance to detect disease cases in order to 
control, prevent introduction, and document freedom or effectiveness of disease 
control measures. What we detect is only a fraction of cases happening and that 
active surveillance can increase this visible fraction (the iceberg paradigm). We 
need to know the real disease situation (the true size of the iceberg) to ensure that 
the response is adapted to the real situation and that epidemiological analysis is 
based on robust surveillance data. Evaluation of AHS allows us to understand the 
limits of the surveillance and conclude on the quality of the data generated by the 
system. This provides information on the bias of the epidemiological analysis and 
could better inform decision-making by trying to minimize those biases. AHS eval-
uation helps to provide information on the unseen by assessing the performance of 
the surveillance systems and components to estimate true disease prevalence and 
circulation patterns (e.g., assessing surveillance system acceptability to estimate the 
underreporting; using capture–recapture methods to estimate system sensitivity) 
[17, 18]. AHS evaluation would promote technical improvements (better design; 
improved effectiveness/efficiency) but also qualitative criteria such as trust, accept-
ability, and behavioral changes (Fig. 1.8).

DECISIONS

Our experience

Our knowledge

Advices from experts

Our believes and fears

Our network and interest

Trust

Impacts (to our health, livelihood)

Fig. 1.8 The different factors that influence how individuals make decision
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1.3.6  Brief Overview of the Evaluation Process

Going through a rigorous evaluation process also helps generating trust:

 (i) Between all the actors of the system and across the different administrative 
levels (e.g., national coordinators; local user; beneficiaries); by improving 
understanding of the perception of the system by the beneficiary and imple-
menting changes to improve this perception; the use of qualitative approaches 
such as participatory evaluation, which involves all the actors in the evaluation 
process itself (see Part IV), could also contribute to improving trust and involve-
ment of the system users and beneficiaries.

 (ii) Between the international and national actors, demonstrating the quality of the 
data generated by the AHS and therefore providing increase assurance in the 
true disease situation in the country. This could have an impact on trade market 
and funds accesses. The evaluation outputs could also support the countries in 
their advocacy to generate development and/or research funds to improve their 
sanitary situation by providing documented evidences on strengths and limits of 
the surveillance and interventions to improve it.

Evaluation process and outputs will help promoting changes by demonstrating 
the needs to generate changes for improvement and providing robust information 
on adapted and relevant corrective actions/intervention to implement. The deci-
sions we make are highly influenced by social, cultural, political, religious, or 
economic drivers (Fig. 1.8); to be sustainable, any behavioral changes required 
should be adapted/take into consideration those drivers (see Parts III and VI for 
more information about social aspects of surveillance process and decision-mak-
ing process).

Surveillance systems are complex and need to be adapted to epidemiological 
systems driven by epidemiological, economic, social (including political, cultural), 
and environmental factors. To allow the design of cost-effective surveillance sys-
tems, there is a need to design comprehensive, practical, and affordable evaluation 
frameworks for timely evaluation of not only the benefits and costs of a surveillance 
and control program but also the factors required for local acceptance, which itself 
is crucial for the effectiveness and viability of the system at national and interna-
tional scale [19] (Fig. 1.10). Moreover, an assessment of system efficiency has to 
take account of each country’s specific needs and resources, and it has to be quanti-
tative as much as possible to minimize the impact of subjectivity. In order to control 
diseases, institutional constraints must be considered together with technical 
aspects.

1.3.6.1  Limits of the Existing Evaluation Frameworks
A review of the evaluation methods of surveillance systems and current practices 
performed by Calba [20] highlighted the importance and need to develop an 
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Definition issues Fit all stakeholder
needs

Tailor made: many
types of 

evaluation

Stadardisation,
many issues:
• Ethical
• Stakeholder definition
• Could the money be
   spend more wisely? 
   (value)

Evaluation is not part of a unified
theoretical framework, drawing

on a number of disciplines,
which include management and

organisational theory, policy
analysis, education, sociology,
social anthropology and social

change

Fig. 1.10 The current challenges in animal health surveillance evaluation

To make
changes,

(Parts IV&VI)

To advocate for
funds

(Parts III&VI)

To plan,
re-design

surveillance
(Parts II&IV)

To ensure
reaching the
surveillance
objectives
(Parts II&IV)

To ensure
effectiveness
and efficiency

(Parts III–V)
To take the right

corrective
actions (Parts III&IV)

To ensure
TRUST

(Parts IV&VI)

To demonstrate
quality of the

data generated
(Parts IV&V)

EVALUATION

Fig. 1.9 The multiple objectives of animal health surveillance evaluation
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integrated evaluation approach including not only the epidemiological aspects of 
the evaluation but also the social and economic aspects (Part III, Chap. 6) [20]. This 
review showed that

 (i) Most of the evaluation frameworks and guidelines have been so far developed 
based on empirical situation, on an ad hoc basis, each providing different levels 
of detail for implementation and usually targeting only partial aspects of the 
surveillance system characteristics; specific evaluation of surveillance (as 
opposed to the evaluation of disease interventions) has been performed only on 
limited occasions and a variety of approaches and methods are used without a 
generally agreed protocol [21].

 (ii) A set of generic guidelines were available (CDC, WHO) but covered also par-
tial aspects each and were highly complementary.

 (iii) The terminology used was not standardized, generating some confusion for 
the users.

 (iv) There was no rationale in the use of evaluation attributes and often a lack of 
methods or information on the methods to assess them; more than 25 attributes 
have been described for the evaluation of animal health surveillance systems, 
making a complete evaluation—if all attributes are used—time-consuming and 
expensive. In some cases, no methods have been described for the measure-
ment of these attributes and only a fraction of these evaluation attributes are 
included in the evaluation guidelines and applied in case studies ([21–23], 
RISKSUR D1.2).

 (v) Economic evaluation activities currently focus mainly on disease control pro-
grams and economic impact of diseases in populations and only a small pro-
portion of published studies focused on economic evaluation of surveillance.

 (vi) There is no standardized gold standards or effectiveness targets for animal 
health surveillance; in animal health, there is no index of an effectiveness mea-
sure available as it exists in the human health system evaluation process [e.g., 
disability-adjusted life-years (DALYs) and quality-adjusted life-years 
(QALYs)] [24].

Some of these challenges have been addressed in the past decade, and the meth-
ods are described in this book.

Peyre et al. developed an integrated evaluation framework and tool (part of the 
SurvTool surveillance design and evaluation decision tool) that built on from exist-
ing recognized frameworks and remains adapted to any particular epidemiological 
and surveillance system context (in terms of attribute evaluation selection and rele-
vance), providing guidance in relation to suitable methods for attribute assessment 
[25] (see Part II).

A glossary of evaluation terms to complement the existing “surveillance glos-
sary” [23] has been developed as part of the RISKSUR project (https://www.fp7- 
risksur.eu/terminology/glossary) and is further consolidated in this book (see 
Glossary) to develop a set of internationally recognized and standardized effective-
ness metrics for economic evaluation of animal health surveillance.

1 Why Do We Need to Evaluate Health Surveillance Systems?
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1.3.6.2  The Need for an Effectiveness Measure and the Benefit Issue
When considering the start, end, or change of a surveillance program, policymakers 
need to know if and how much surveillance is worth. Animal disease creates two 
sources of lost well-being for people. First, the monetary value of losses linked to 
the negative effects of disease itself (e.g., losses in production, mortality, etc.); sec-
ond, the additional resource costs incurred in the attempt to limit those losses (such 
resources could have been used to generate other outputs elsewhere in the econ-
omy). In assessing the rationality of any resource-usage decision, the key criterion 
is whether the value of recovered outputs is sufficient to at least cover the additional 
resource costs [26].

In some instances, decision-makers may not require explicit quantification of the 
(monetary) benefit, but may be interested in the costs of the surveillance options 
related to selected performance indicators, which can act as proxies for a benefit. In 
an economic analysis, these performance indicators (i.e., effectiveness measures) 
would be compared to the costs of surveillance in a cost-effectiveness analysis 
(CEA) (see Part III). Cost-effectiveness analysis, commonly used to assess human 
health interventions, has rarely been applied to animal health decision-making 
problems (Babo Martins and Rushton, in press). In human health economics, the 
effectiveness often refers to the avoidance of illness or death, but the outcome of any 
objective can—in theory—be measured in various technical terms, for example, 
reduction of abortions or detection of cases of disease. However, it is important that 
the value of the effect in question reflects a (nonmonetary or monetary) benefit.

Unlike in health economics, where attempts have been made to harmonize CEA 
methodologies and encourage comparability of studies [27], there are no specific 
guidelines available yet for its application in animal health. The key is to select 
effectiveness measures that are meaningful; otherwise, they will not inform the allo-
cation of scarce resources (see Part III). Ideally, they can be compared against some 
predefined standards or values that have been established in studies in the past. For 
example, if previous studies established that each day of earlier detection of a highly 
pathogenic avian influenza (HPAI) outbreak resulted in the avoidance of losses 
worth £100,000, a cost-effectiveness ratio of a surveillance system to early detect 
HPAI expressed as costs/days of earlier detection can be easily interpreted. However, 
without this information, effectiveness measures like time of introduction of disease 
until detection or the probability of detecting an outbreak are not informative 
in a CEA.

Further, surveillance generates other benefits that cannot be easily measured, but 
nonetheless have a value. Examples include consumer confidence, reputation, feel-
ings of safety, contentment, peace of mind—all these have perceived values that are 
generally not converted to monetary values by the price system of the market. 
Therefore, indirect methods of valuation such as willingness-to-pay or stated choice 
preference approaches need to be adopted [28] (see Part III).
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1.3.6.3  The Decision-Makers’ Point of View (See Part VI)
Current world trade patterns and the globalization in general terms favor the rapid 
movement of people, animals, and material, resulting in increased risks of introduc-
tion of new diseases in a given territory. Animal health surveillance is an essential 
tool to detect disease or infection, to monitor disease trends, to facilitate the control 
of disease or infection, to support claims for freedom from disease or infection, to 
provide data for use in risk assessment, for animal, and/or public health purposes, 
and to substantiate the rationale for sanitary measures. Today, animal health surveil-
lance programs play a key role in animal health policy (at national level and for EU, 
ASEAN, and other communities of countries of economic interests). They are fully 
integrated into most livestock industries, food production systems, and rural 
economies.

Priority setting, affordability, sustainability, social acceptance, and communica-
tion remain issues that policymakers have to consider when drafting and imple-
menting their policy (Box 1.1: example of DM needs in France). In the spirit of the 
“prevention is better than cure,” the policymaker wishes to promote the early iden-
tification of problems before they emerge while being ready to manage outbreaks 
and crises is a major objective. This approach leads on to reinforcing of biosecurity 
measures in all areas in which animals are found (farms, markets, border posts, 
transport vehicles, etc.).

Regulating animal surveillance as part of the animal health policy allows for 
coordinated and in the long run (hopefully) cheaper action on priorities, making it 
more effective and less expensive than actions by individual. For example, border 
controls for differing national lists of animal diseases are often inefficient and inef-
fective, given the movement of commodities (legal or illegal) that often overtake the 
limited resources for surveillance. Therefore, diseases of significance need to be 
addressed jointly within a same region. An action in one MS may however result in 
dissemination to others. Trade partners might also implement restrictions on imports 
if an outbreak is not properly controlled in one of the countries of the region.

During the last decade, all national administrations have seen their budgets 
severely reduced, resulting in the need to assess cost-effectiveness of their surveil-
lance actions. These assessments are not that easy as the data available to quantify 
investments in surveillance and monitoring activities are very limited at both 
national and international levels. Secondly, surveillance activities overlap with mul-
tiple other public interventions and private management of the supply chains, both 
in terms of personal and resources. As a consequence, it is very difficult to define 
and allocate partial cost to a surveillance budget and very few attempts have been 
made to achieve this. Tools are required to help countries to perform a technical and 
budgetary optimization of their resources as a key instrument for the definition of 
their national policy for animal surveillance as part of the animal health policy (Box 
1.1: example of DM needs in France).
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1.4  Conclusion on the Need for Animal Health 
Surveillance Evaluation

Setting up AH surveillance programs is becoming increasingly challenging as glo-
balization, changing livestock trade patterns, and climate change impact on animal 
disease risks and create increasingly complex patterns of disease transmission and 
spread. In addition, public authorities and decision-makers, who are responsible for 
planning and implementing surveillance programs, are facing budget cuts, which 
makes it increasingly difficult to maintain and promote efficient and effective ani-
mal health surveillance. Decision-makers are looking for evidence on how to best 
use resources to establish fit-for-purpose surveillance, and effective evaluation is 
necessary to achieve this goal. Ideally, this should be done by providing a simple 
and practical guide for decision-makers.

Economic evaluation of health management programs implies to compare differ-
ent policies to identify a solution that maximizes public welfare or at least generates 
a net benefit for society. Indeed, technical achievements are only a part of decision- 
making in the policy-formulation process. Economic evaluation of animal health 
surveillance is technically challenging because of its complex link to intervention, 

Box 1.1 Limits of Economic Evaluation of Animal Health Management in Terms 
of Decision-Making: Example of Results from a Rapid Appraisal in France 
(Adapted from [29])
• Importance of political issues at stakes that are unlinked to scientific, tech-

nical, or economic-based evidence:
• Limited use of economic evaluation in decision-making process, in part 

due to the lack of tools.
• Lack of adapted and comprehensive economic evaluation tool that will 

account for
 – The multiplicity of actors and decision-making logics that result in a 

large diversity of behaviors
 – The complexity of the links between the actors
 – The lack of baseline situation knowledge.
 – The specific impact of one policy versus the others
 – The differences between programs implemented under the same policy.
 – The multiple objectives for one action

These data link back to the following questions that will be addressed 
within the RISKSUR project:

• What is the logic behind decision-making in animal health management?
• How to build up a practical and comprehensive tool to address decision- 

makers’ needs?
• How to account for multiple objectives situation?

M. Peyre et al.
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the technical capacity and data requirements needed to assess epidemiological and 
economic performance, and the lack of standardized metrics and practical tools for 
economic appraisals. These technical challenges stand in stark contrast with 
decision- makers’ demand for a simple and practical guidance for performing sys-
tematic evaluation of existing or planned animal health surveillance systems, which 
in turn should result in the development of more effective policies.

The evaluation thus must provide a robust scientific foundation for the decision- 
making process while still presenting the findings in a user-friendly and applied 
format. There is a need for guidance on how to select appropriate evaluation ques-
tions (according to the context of surveillance), which method to use, and how fea-
sible the evaluation is in a given time frame and available resources. This book aims 
to address this need.
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2An Overview of the Different Types 
and Level of Evaluation: From Theory 
to Application in Health Surveillance

Marisa Peyre and Nicolas Antoine-Moussiaux

Abstract

Evaluation is a systematic assessment against standards, which can ascertain the 
degree/value of achievement, help in decision-making, enable reflection, and 
enable future changes. Different levels of evaluation may be considered includ-
ing technical, process, economic, social, and political elements according to the 
needs and purpose of evaluation. In any evaluation process, one should always 
consider the point of view taken, the timing of evaluation, the period under evalu-
ation, and the level of evaluation. This chapter presents some theoretical concept 
of evaluation ideology and reviews the different types of evaluation available in 
the literature and how they can be applied to evaluate animal health surveillance 
systems.
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2.1  Introduction

2.1.1  Evaluation Ideology and Classification Attempts

As developed by House [1], current evaluation models are based on a common lib-
eral ideology. Hence, evaluation responds to fundamental features of liberalism: 
freedom of choice, individualism, and empiricism [1]. First, freedom of choice must 
be understood as conditioning the meaningfulness or usefulness of evaluation. 
Evaluation is indeed supposed to make sense with respect to one’s decision-making, 
might it be that of the person under evaluation, of the evaluator, or the client of the 
evaluation. Second, individualism, which considers the individual to preexist to 
society, deeply influenced the methods of evaluation. Derived from economics, 
sociology, psychology, and often termed as methodological individualism, these 
methods consider the individual as the relevant unit to understand decision-making 
and the performance of a human system. Third, empiricism defines a mode of 
enquiry and knowledge, a relation to reality that is mediated through senses. Current 
evaluation methods may refer to objectivist ethics, when evaluation is founded on 
information that is congruent between independent observers or sensors (otherwise 
stated, information that can be verified). On the opposite, evaluations may follow 
subjectivist ethics, when considering any information derived from unique personal 
experiences, disregarding the need for or accepting the impossibility for cross- 
checking that information.

Evaluation approaches have been developed following two major disciplinary 
schools based on different ethical considerations: (i) the utilitarian models, where 
“the good” is determined by what maximizes some single, explicit interpretation of 
happiness for society as a whole; (ii) the intuitionist or pluralist models, which 
considers that there is no single interpretation of “the good” and these interpreta-
tions need not be explicitly stated nor justified (Table 2.1) [1, 3]. The utilitarian 
model is essentially based on objectivist methods that are used to acquire knowl-
edge capable of external verification (intersubjective agreement) through publicly 
inspectable methods and data (e.g., experimental research). The intuitionist or plu-
ralist models are mainly based on subjectivist methods used to acquire new knowl-
edge based on existing personal knowledge and experiences that are (explicit) or are 
not (tacit) available for public inspection (e.g., accreditation).

Within these two main options, utilitarian and objectivist or pluralist and subjec-
tivist, House [1] further distinguishes between eight types of evaluation (Fig. 2.1):

 – System analysis, where evaluation looks at few quantitative measures (e.g., per-
formance levels) and compares the differences in programs with different perfor-
mance levels [1].

 – Behavioral objectives, where program objectives are defined according to spe-
cific performance level that are linked to specific behaviors or actors in the sys-
tem (Tyler model) [3].
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 – Decision-making, which structures the evaluation by the decision to be made. 
Recommendations on these decisions have to be made by the evaluator 
(Stufflebeam model) [4].

 – Goal free, which reduces the bias of the evaluation process by not informing the 
evaluator of the initial goal of the programs, the evaluator must explore all out-
comes (Scriven’s model) [4].

 – Art criticism, where the evaluator has sufficient experience and training to make 
judgment on the program under evaluation (Eisner’s artistic evaluation model) [5].

 – Accreditation, which reviews pre-collected information by people who run the 
programs. The reviewers make comments approving or disapproving the pro-
gram [3].

 – Adversary, which is used to present the pros and cons of a program (quasi-legal 
procedures, often in the form of trial by jury) [3].

 – Transaction, which concentrates on the process itself. It uses informal investiga-
tion methods based on empirical case studies (Stake’s model) [7].

The type of evaluation implemented will also differ according to its target benefi-
ciaries: elite evaluation focuses on the interests of managers and professionals (e.g., 
connoisseur studies), whereas mass perspective evaluation focuses on consumers 
and participatory approaches (e.g., consumer perception studies).

Evaluation may also be classified according to its objectivity level and its exter-
nal influences:

LIBERALISM

Objectivist ethics

Justice-as-fairness

Subjectivist ethics

Intuitionistpluralist

Participatory
(mass)

Professional
(elite)

Managerial
(elite)

Consumers
(mass)

Adversary

Transaction

Utilitarian

Systems analysis

Behavioral objectives

Decision making

Goal Free

Art criticism

Accreditation

Quantitative
objectivity

Qualitative
objectivity

Expertise
through
experience

Transactional
knowing

Objectivist
epistemology
(explicit
knowledge)

Subjectivist
epistemology
(tacit
knowledge)

Fig. 2.1 A scheme relating major evaluation models to the philosophy of liberalism [1]
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 – Pseudo-evaluation: Promotes a positive or negative view of an object regardless 
of what its value actually is and might be politically controlled (selected infor-
mation), public relation (positive image).

 – Quasi-evaluation: The questions orientation includes approaches that might or 
might not provide answers specifically related to the value of an object. For 
example, focusing only on questions of knowledge without addressing any ques-
tions of value (e.g., experimental research).

 – True evaluation: The values orientation includes approaches primarily intended 
to determine the value of an object (e.g., decision-oriented, consumer-oriented 
studies).

2.1.2  Methodological Specificities

Objectivist methods will work on defining techniques others could use. The intu-
itionist relies on training and experience to ensure that truth is served (Table 2.2). 
The subjectivist approaches are less interested in the absolute truth than in relating 
the evaluation to the particular experience of the audience (their truth) in order to 
obtain valid insight from the group for whom the evaluation is done (which are the 
basic principles underlying participatory approaches). The evaluation is intention-
ally context-bound and findings are interpreted in context. Because of its greater 
experience of the context, “the audience interpretation of an event may be superior 
to that of the evaluator” [1]. Managerial utilitarian models (e.g., system analysis; 
behavioral, objectives; decision-making) require a common goal, a consensus on 
the goal of a particular program is reached, and this consensus defines the purpose 
of evaluation and the evaluation information generated is “scientifically objective” 
(because of based on quantitative facts rather than qualitative observations). These 

Table 2.2 Main differences between the objective and subjective approach in current evalua-
tion models

Utilitarian approach—objective
Intuitionist/
pluralist approach—subjective

Validity Predicting one observable category from 
another

Relative to the condition of the 
human mind. “What is valid for 
one person may not be valid for 
others.”

Method Defining techniques other could uses
Prediction is the goal
One individual perception is regarded as being 
subjective, objectivity comes with a number of 
congruent observations (intersubjective 
agreement)

Training and experience.
Multiple perspectives.
Qualitative emphasis rather than 
quantitative.

Utility Maximizing society interest
Rigid separation between observers and facts
Single standard of social utility to be compared 
to

Maximizing the observer interest.
Based on personal judgment and 
personal desire. Each individual is 
the best judge of event for himself.

M. Peyre and N. Antoine-Moussiaux
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models also rely on the cause and effect relationship. For example, Scriven model 
consists in reaching objectivity by controlling bias using a set of organizational and 
social approaches and relying on the intersubjectivity principle (Table 2.2).

2.1.3  Decision-Making in Evaluation Models

Classic liberalism sees society as an association of self-determining individuals 
who cooperate with others for self-interest ends [8]. Mills considers the individual 
best to judge of its own interest (internal sphere) and that the government (external 
sphere) should only interfere to maximize satisfaction (utility concept based on the 
utilitarian model: estimate of future consequences of various alternatives) (Fig. 2.2a). 
Mills recognized, however, that if the individuals are not the best judge then the 
state might legitimately interfere (Table 2.3, Fig. 2.2a). In modern liberalism and 
utilitarian models [2], the government provides the effectiveness standards to base 
the judgment and make the choices in the public interest (Table  2.3, Fig.  2.2b). 
Intuitionist/pluralist models rely on professional authority (e.g., art criticism; 
accreditation and adversary models) or a combination of scientific authority and 
participation in evaluation (Table 2.3). Only democratic pluralism based on groups 
rather than individual diversity sets the grounds for getting the government to act in 
a certain direction (“balance-of-power” theory) [1]. Stake states that the evaluator 
“must remain responsive to any legitimate interest” but is not obliged to represent 
any specific point of views. Only active involvement will push representation of a 

GOVERNMENT
External Sphere

INDIVIDUAL
Internal Sphere

Interference,
based on

UTILITY only=
maximizing

satisfaction of
the individual

- Private
- best judge of its
 own interests

a
GOVERNMENT
External Sphere

INDIVIDUAL
Internal Sphere
- Private
- best judge of its
 own interests

NO Interference,
Government will

establish ground rules as
a referee in order to

maximize each individual
choices

c

GOVERNMENT

INDIVIDUAL

- best judge of
 society and
 individual
 interests
- UTILITY

Government
provides indices
of effectiveness
to make
judgment; make
the choice in the
public interest

b

Fig. 2.2 Classical liberalism (Mills) (a); modern liberalism (Rivlin) (b); pluralism (Stakes) (c)
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group point of view in the evaluation. In this way, legitimate groups define issues 
and only a few issues are to be explored.

2.1.4  Revisiting the Main Evaluation Models to Animal 
Health Evaluation

We have revisited the evaluation model typology presented in the previous section 
and developed by House in the 1970s and widely used until now, in line with the 
new developments in evaluation approaches in the field of animal and public health 
(Table 2.4).

All the models described in the previous section rely on the freedom of speech 
principle, which believes that only the competition of ideas will strengthen the truth. 
Under House typology, the managerial evaluation “has something of a watchdog 
function” and tends to be based on “scientifically objective information.” 
Scientifically objective information is based on using objective methods such as 
tests or questionnaires to ensure reproducibility of the results. The data are analyzed 
using objective quantitative techniques in the sense that they can be verified by logi-
cal inspection regardless of who uses the techniques. In its extreme form, it entirely 
excludes nonquantitative data.

Until recently, health surveillance approach has followed a modern liberalism 
approach [2] (Fig. 2.2b), considering the government as the best judge of society 
interest and making choices in health surveillance strategies in the public interest. 
Mainly utilitarian objective evaluation approaches based on technical assessment of 
the effectiveness or efficiency have been implemented to follow this model.

Since a rising interest in improving animal health surveillance to prevent pan-
demics (see Chap. 1), evidence has shown that such models require either strong 
acceptability by the people implementing the action and/or strong regulation and/or 
strong enforcement and control. In any case, this requires high-level resources 
(human and financial). Low reporting or detection of disease is a major challenge in 
animal health surveillance. This could be reduced by active surveillance implemen-
tation, which also requires high level of resources. Moreover, recent work has high-
lighted issues beyond technical and resource ones, linked to social acceptability of 
the actions [15, 16]. Even in high-resources settings (e.g., industrial countries), it 
has become clear that other issues were at stake beyond regulation, control, and 
active implementation [17, 18].

Till now, evaluation in animal health has mainly also followed similar objective 
utilitarian models, which aims to ensure reliability of the outcomes; using methods 

Table 2.3 Decision-making in evaluation models

Utilitarian evaluation models Intuitionist/pluralist evaluation models
Relegate decision-making to the 
government. The government evaluates, 
defines the problems, and takes action to 
maximize social utility.

Rely on participatory decision-making to 
maximize local and individual choices rather 
than social utility. Problems are best solved 
directly by local people.
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that will achieve high-observer agreement as opposed to procedures that may have 
much greater validity (Table 2.1, Fig. 2.1). As argued by House [1], utilitarian evalu-
ation, even if based on quantitative or qualitative objectivity, could not guarantee 
performances of the programs in practice. Indeed, reliability is not a guarantee of 
validity.

In the past 10 years, we and other research groups have developed approaches to 
account for the individual perceptions following objective methodological 
approaches to benefit social efficiency (using personal understanding to improve 
social efficiency; ensuring that individual understanding will benefit to social effi-
ciency), mixing up the different evaluation models to promote developmental evalu-
ation approaches that do not advocate for any particular evaluation content, model, 
or method: such as context evaluation, utilization-focused evaluation, and empow-
erment (Box 2.1, Table 2.4, Fig. 2.3) [3].

Box 2.1 Developmental Evaluation Approaches [3]
Context evaluation: A “bottom-up” approach to (1) framing the questions and 
use the context; (2) negotiating agreement on acceptability of design, mea-
sures, and procedures; (3) data collection and reporting; and (4) interpretation 
and facilitation of use.

Utilization-focused evaluation: “The evaluation focus on the intended use 
of the evaluation outcomes by the intended users; it should be judged by its 
utility and actual use: looking at how real people in the real world apply evalu-
ation findings and experience the evaluation process.”

Empowerment evaluation: “Aims to increase the likelihood that programs 
will achieve results by increasing the capacity of program stakeholders to 
plan, implement, and evaluated their own programs.”

Degree of
complexity

Scale of
evaluation

Comprehensive/
Decision orientated

Process

Effectiveness

What is the value of my system/
component? Which option is the most
relevant? Comparing alternatives, socio-

economic evaluations

How, why and under which conditions
is my system/component Working?

Evaluation surveillance system process;
qualitative criteria

Is my system/component Working?
evaluation of technical performances of

the surveillance system

Fig. 2.3 Health surveillance evaluation scale, purpose, and degree of complexity
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2.2  The Different Types of Evaluation

2.2.1  The Different Purposes of Animal Health 
Surveillance Evaluation

The main objective of evaluation of animal health surveillance system is to promote 
changes and reflect on the system in place. Six main specific objectives have been 
identified related to design/planning, optimization of resource allocation, decision- 
making, quality of data, ensuring trade, and ensuring stakeholder trust (Fig. 2.4).

Evaluation provides advocacy elements for ad hoc changes of the system (fine 
tuning) and (re-)planning and (re)design, to terminate the activities (exit strategy) or 
to generate good practices information [19].

Evaluation of animal health surveillance system can have a different focus that 
will influence the evaluation question, the methods used, and the type of recommen-
dations (Box 2.2).

Technical (or effectiveness) evaluation: Is about assessing the performances of a 
surveillance system (e.g., sensitivity, timeliness) to evaluate its capacity to reach its 
objective (e.g., disease control).

Process (or functional) evaluation: Is about assessing the conditions in which 
the system is performing and the elements of the system organisation and function 
that will affect its performances to make corrective actions to improve the system 
performances. Evaluation of the system process will allow to better understand the 
reasons behind limited performances. This will allow meaningful, adapted, and 
therefore more sustainable recommendations for effectiveness improvement, linked 
to the specific context of the system itself (see Part VI). Process evaluation will also 
allow to identify direct or indirect impact of a change in the surveillance activities, 
which will inform a cost-analysis (see Sect. 2.3)

Box 2.2 Different Evaluation Focus
Focus on facts and value judgment: A study designed to assist some audience 
to assess an object’s merit and worth; for example, what are the strengths and 
weaknesses of my surveillance system process?

Focus on reaching objectives and quantitative measurement: A critical 
assessment, in an as objective manner as possible, of the degree to which a 
service or its component parts fulfill stated goals; for example, is the level of 
detection of disease cases sufficient to control the disease?

Focus on process and results (e.g., M&E): A systematic, rigorous, and 
meticulous application of scientific methods to assess the design, implemen-
tation, improvement, or outcomes of a program, based on predefined indica-
tors; for example, what is the level of the specific performance indicators 
defined in my surveillance system.

2 An Overview of the Different Types and Level of Evaluation: From Theory…
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Comprehensive or integrated evaluation: Is about integrating evaluation of sys-
tem effectiveness and process to ensure all elements affecting the system perfor-
mances are considered; this will improve sustainability and impact of the actions 
(e.g., assessing the system sensitivity and the acceptability of the actors of the sys-
tem, which impacts the sensitivity level in order to promote changes to improve 
reporting and increase sensitivity) and could include economics (understanding deci-
sion-making in resource allocation by the system actors to improve its efficiency).

2.2.2  When to Evaluate

Evaluation can be performed ex ante (i.e., before the implementation of the system), 
in itinere (i.e., while the system is in place and running), or ex post (after the end of 
the system). Surveillance systems are rarely terminated; therefore, ex ante and in 
itinere are the most commonly applied moments for evaluation in animal health 
surveillance. Table 2.5 provides a link between timing and surveillance objectives. 
Figure 2.6 provides the list of potential trigger points that will motivate the need to 
evaluate.

• Ex ante evaluation is meant to be formative, that is, to provide essential elements 
to improve the value of the proposal, project, organization—could be performed 
to provide essential elements for the design and planning of the surveillance 
system. For example, epidemiological models could be used to evaluate which 
sampling protocol will ensure highest effectiveness of the system and therefore 
inform on the sampling design; participatory studies to assess the local con-
straints and the acceptability of surveillance could be implemented to select 
between different organization options (Fig. 2.5).

OBJECTIVES OF THE EVALUATION OF SURVEILLANCE SYSTEMS1: 

1Workshop results SVEPM 2015 Belgium

1. To inform the design and re-design: to facilitate choice between different options; to
 identify alternative options. E.g. to improve the system, to compare different design.
2. To inform local decision makers optimisation of resource allocation: balance between
 performances/improvement of the system and resources involved.
3. To inform local decision makers choice between different animal health management
 programmes: benefit of the system for the society.
4. To provide information on the quality of the surveillance data generated, and real disease
 situation.
5. To inform trade regulation authorities: quality of the surveillance data and real disease
 situation.
6. To ensure stakeholder trust is obtained: at local and global level; effect on sustainability and
 efficiency of the system; “to ensure trust and keep trust”

Fig. 2.4 Objectives of the evaluation of surveillance system [19]
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• In itinere evaluation is meant to be corrective, that is, to adjust the value of the 
proposal, project, organization—implies either regular evaluation moments of 
the surveillance system (components), for example, annually, every 2 years, as 
needed. The timing for evaluation will depend on the purpose of surveillance, 
objective of the surveillance system (component), and on specific trigger points 
such as the evolution of the disease situation. It can be done to assess its perfor-
mances and its added value. When done with regular intervals, it provides infor-
mation on process efficacy and data output. Already when planning the system 
and its evaluation, it is good to include those elements that will trigger undertak-
ing evaluation (Fig. 2.5).

• Ex post evaluation is meant to be assumptive, that is, drawing lessons from com-
pleted action, project …—is very rare but can be implemented to identify lessons 
to be learned from the implementation and running of the surveillance system 
(component). The surveillance system (component) could have been exited due 

Table 2.5 Links between evaluation timing and objectives

Steps of the object 
under evaluation Ex ante In itinere Ex post

Planning Expected outputs, 
incomes, expected 
impact

Design How to reach the 
outputs, 
outcomes, impact

Implementation What to do to 
reach the outputs, 
outcomes, impact

Which outputs, 
outcomes, and impacts 
were reached
and/or
required outputs and 
outcomes to reach the 
impacts

Redesign; 
replanning

What to implement to 
reach the missing/new 
outputs, outcomes, and 
impacts

Which outputs, outcomes, 
and impacts were reached
What went wrong/right; 
what should be done/
corrected in a new 
process (lessons learnt)

Ex-ante Ex-postIn-itinere

Planning
Program, project
implementation END Review

Fig. 2.5 The different timing of evaluation
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to sustainability issues or because the disease was eradicated (e.g., rinderpest 
surveillance) (Fig. 2.5).

2.3  Best Evaluation Practices

The American Evaluation Association has defined specific criteria for evaluators to 
ensure best practices in evaluation (source: American Evaluation Association; http://
www.eval.org/p/cm/ld/fid=51):

 – Implement systematic enquiry
 – Adhere to highest technical standards
 – Explore strengths and shortcomings of evaluation questions and approaches
 – Communicate approaches, methods, and limitations accurately
 – Hold appropriate competences to undertake the evaluation
 – Show appropriate respect
 – Take responsibilities in the implementation and reporting of the evaluation
 – Ensure integrity/honesty including

• Independence: no conflict of interest
• Impartiality: considering all stakeholders; links between findings and 

recommendations
• Transparency: all relevant stakeholders’ needs to be aware of the evaluation 

aim and detail process: take into account general and public interests; include 

DIRECT OR INDIRECT1 TRIGGER POINTS FOR EVALUATION OF A SURVEILLANCE SYSTEM2

1Those points could be interlinked
2Workshop results SVEPM 2015 Belgium

• Change in local disease situation, e.g. increase in outbreaks number, incursion of
 disease
• Change in disease control options
• Change in surveillance design, e.g. introduction of novel surveillance component
• Public health issue
• Change in neighbouring countries, international disease situation, e.g. increase in risk
 of introduction
• History of surveillance and timing since last evaluation
• Political request, legislative requirement
• Risk awareness perception issue; society perception
• Trade requirements
• Socio-economic context, e.g. reduction in budget triggers need for improve resources
 allocations and cost optimisation

Fig. 2.6 Trigger points for evaluation in animal health

M. Peyre and N. Antoine-Moussiaux
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all relevant stakeholders in the process; balance client and stakeholder needs; 
examine assumptions and potential side effects; present results in understand-
able forms

2.3.1  Evaluation of Best Practices Initiatives

• UN Evaluation Group: to establish UN norms and standards for evaluation 
(http://www.uneval.org/)

• OECD-DAC Evaluation Group: to improve development evaluation standards.
• MDB Evaluation Cooperation Group: to share lessons from MDB evaluations 

and promote evaluation harmonization and collaboration.
• BetterEvaluation initiative: to share information to improve evaluation (http://

betterevaluation.org):
• “An international collaboration to improve evaluation practice and theory by 

sharing and generating information about options (methods or processes) and 
approaches.”

2.4  Conclusion

We have seen that until recently evaluation in animal health had mainly been based 
on quantitative or qualitative objective approaches that could not guarantee perfor-
mances of the programs in practice. It is therefore recommended to mix different 
evaluation approaches to take into consideration the specific context and needs of 
the users of the evaluation outcomes. This book aims to promote the use of such an 
integrated evaluation approach, under best evaluation practices, to account for tech-
nical, process, and socioeconomic aspects of surveillance systems. Specific meth-
ods to do so are presented through the different following parts of this book.
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Health surveillance systems are complex as they can target different types of 
objectives—early disease detection to prevent introduction and case detection to 
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miological and economic evaluation of surveillance systems. This work empha-
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3.1  Introduction

Animal disease monitoring and surveillance systems have been used by many to 
summarize the concepts and approaches involved in effective disease surveillance 
[1]. The term monitoring describes a continuous, adaptable process of collecting 
data about diseases and their determinants in a given population in the absence of 
immediate control activities. The term surveillance is used to describe a specific 
type of monitoring where control or eradication measures are implemented on the 
reference population whenever certain threshold levels related to adverse health sta-
tus have been exceeded. Surveillance is usually directed at a specific disease or 
problem and implies that there are actions to be taken when thresholds occur, and 
therefore by definition surveillance is an active part of a disease control program 
[2]. For the purpose of this chapter, a surveillance system will include elements of 
both monitoring and surveillance activities.

An animal disease surveillance system is composed of various objectives with 
the overall aim of systematic collection, analysis, and interpretation of animal 
health-related data needed for the planning, implementation, and evaluation of ani-
mal disease mitigation strategies.

The objectives of the system are

• Early detection and early warning activities with the aim to reduce the impact of 
underlying animal diseases.

• Monitoring and verification of disease events in their natural environment to 
mitigate the specific levels of these events as they occur.

• Evaluation and ranking of disease events to assign priority for plan of action 
according to the collected data.

• Assessing the various mitigation strategies for effectiveness with the aim to 
implement these strategies assessing? With the required modifications and/or 
policy to the surveillance system.

As a system, the above objectives are required for a comprehensive and func-
tional program. The majority of current surveillance systems, however, do not con-
tain all the necessary objectives, and depending on the program’s specific aim, may 
only focus on one or more of them. Nevertheless, long-term success of a compre-
hensive surveillance system depends on inclusion of all the above objectives.

Surveillance systems are complex and need to consider the principles of epide-
miology driven by epidemiological, economic, social (including political, cultural), 
and environmental factors in interactive ways. To allow for the design of cost- 
effective systems, the plan needs to consider practical and affordable assessment 
frameworks for timely evaluation of the benefits and costs of the system. Additionally, 
the assessment must be accepted by the local users and providers of the system [3–5].

In 2015, Calba et al. reviewed the existing animal health evaluation frameworks, 
highlighting their limits and the need to develop an integrated approach to epide-
miological and economic evaluation of surveillance systems. This work emphasized 
the need to build from current evaluation approaches and also the importance of 
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promoting assessment of attributes covering the social and economic aspects of 
animal health surveillance (AHS).

All surveillance systems require continuous evaluation to improve effectiveness, 
expected outcomes, and impact. The aim of this chapter is to propose a step-by-step 
framework to facilitate the evaluation of animal health surveillance systems. This 
chapter will build on previous suggested methods [1] and provide detailed steps in 
conducting animal health surveillance system evaluation methods.

3.2  Evaluation Vs. Assessment

The terms “assessment” and “evaluation” are interrelated. Assessment is the sys-
tematic process of documenting and using empirical data on the knowledge, skills, 
attitudes, and beliefs of the users and providers of the system. The evaluators attempt 
to improve the operation of the system. For example, an assessor will measure the 
sensitivity of a system and compare it to a target value to assess if the system is 
sensitive enough. If the sensitivity is below the defined threshold, the assessor sug-
gests a procedure to increase the overall sensitivity, for example, by broadening the 
case definition of the required reported health event for the underlying disease.

Evaluation, on the other hand, focuses on the output and performance of a system 
in relation to achieving its stated aim. Evaluation is a comprehensive or a quality 
review of the system. Evaluation processes normally involve some standards, crite-
ria, measures of performance, or objectives that describe the value of the system 
outcome. Evaluation can identify criteria for success, lessons learned, things to 
achieve, ways to improve the work, and the means to move forward. Thus, evalua-
tion is product-oriented specifically to respond to the question: “What’s been 
achieved or impacted?” The aim of evaluation is to help the decision makers and 
reviewers of the progress determine the success or effectiveness of a system. It pro-
vides a comprehensive description of a system including insight into its operation. 
The evaluation may be subjective or objective depending on the performance indi-
ces or the matrices that are used in the evaluation. To follow up on the above exam-
ple for assessment, the evaluation of a surveillance system indicates that the system 
as in its current operation is not adequate to be used for early detection of the under-
lining disease. It does not, however, mean the system is not efficient in other objec-
tives of its surveillance activities.

3.3  Overview of Current Animal and Human Health 
Surveillance Evaluation Guides: Advantages and Limits

Many evaluation guides are available in the literature to undertake an evaluation 
process. In 2015, those guides were reviewed to identify the gaps and needs of cur-
rent methods and provide elements to help the user select the most appropriate 
approach [6] (Table 3.1). Sixteen evaluation approaches have been reported, mainly 
developed in the area of public health (PH) (10 approaches) but also in animal 
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health (AH—4 approaches) one approach in both PH and AH and one approach in 
environmental health (Table 3.1). Although several technical reports and publica-
tions were produced under the topic of animal health programs, none to our knowl-
edge have proposed a framework for a comprehensive evaluation of animal health 
surveillance systems until 2012. Building upon an existing framework, an innova-
tive framework was developed within the RISKSUR project to fill in these gaps and 
allow for both design and evaluation of animal health surveillance systems (Survtool 
EVA) [7, 8].

Peyre et al. [8] highlighted the need for standardization of the terminology used 
in these evaluations and a requirement for the definition of gold standards, effi-
ciency, and effectiveness measures. The absence of these required components 
reduces the ability to compare different systems, and therefore, the identification of 
systems that are most efficient would be difficult. Indeed, several evaluation 
approaches are available, and most of those have been developed and used on an ad 
hoc basis. The criteria considered by each approach are usually organized into a 
template structure, which controls the logical flow of the evaluation process. Various 
terms have been used to describe these processes (e.g., guidelines, method, frame-
work, tool).

In animal health, there is not a single performance index to measure the effec-
tiveness such as disability-adjusted life-years (DALYs) and quality-adjusted life- 
years (QALYs) that exist in public health. Specific evaluation of surveillance has 
been performed only on limited occasions, and a variety of approaches and methods 

Table 3.1 Health surveillance evaluation guides (adapted from [6])

Reference Name Year
Topic of 
surveillance Type

Peyre et al. Survtool (EVA) 2017 AH Integrated 
framework

Drewe et al. SERVAL 2013 AH Framework
El Allacki et al. Conceptual evaluation 2012 AH and PH Method
Hendrikx et al. OASIS 2011 AH Tool
Dufour CCP 1999 AH Method
Malecki et al. – 2008 EPH Framework
WHO IPCAT 2011 PH Tool
WHO HMN assessment and 

monitoring tool
2008 PH Tool

Meynard et al. – 2008 PH Framework
ECDC – 2006 PH Framework
WHO – 2006 PH Guidelines
HSCC – 2004 PH Framework
KTL – 2004 PH Tool
Buehler et al. 
(CDC)

– 2004 PH Framework

German et al. 
(CDC)

– 2001 PH Guidelines

WHO – 1997 PH Framework
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are used without generally agreed upon protocols [9]. Indeed, more than 25 attri-
butes have been described for the evaluation of animal health surveillance systems, 
making a complete evaluation time-consuming and expensive [7, 9, 10]. Economic 
evaluation activities currently focus mainly on disease control programs and eco-
nomic impact of diseases in populations [11]. The work performed within the 
RISKSUR consortium also highlighted the relatively small number of papers pub-
lished on the subject of economic evaluation of surveillance.

The main recommendations of the review were (i) the need for a structured eval-
uation process for animal surveillance systems that allows for flexibility in the 
selection of evaluation attributes and attribute assessment methods to make it con-
text specific (this has been developed as part of the Survtool framework (see Chap. 
4); (ii) the need to design a glossary of evaluation terms (to complement the existing 
“surveillance glossary”; [10])—such a glossary is available at the end of this book 
and here: https://www.fp7- risksur.eu/terminology/glossary; and (iii) to develop a set 
of internationally recognized and standardized effectiveness metrics for economic 
evaluation of animal health surveillance (see Sect. 3.3).

3.4  The Evaluation Process

The evaluation process could be represented as a cycle of seven main steps orga-
nized in three different phases (Fig. 3.1):

Evaluation Process

• Requirement
• Accessibility
• Recommendations
• Support

• Stakeholder
 mapping
• Develop
 evaluation
 plan

• Describe the object
• Program theory/ the
 theory of change
• Identify potential
 unintended results.

• Single EVa
• Accross EVA
• Generalised

• Causal
• Conterfactual
• Alternative
 explaination

REPORT

REPORT

SYNHESIS

PLAN

IMPLEMENT

DESCRIBE

MANAGE/
ENGAGE

DEFINE

FRAME

ANALYSE
Address the
evaluation
question

• Eva purposes
• Eva questions

Judgment value

• Sampling
• Indicators

• Type of data
(qualitative,
quantiative)

Fig. 3.1 The evaluation process cycle
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• Phase I is to plan the evaluation and define the aim (underlying questions), 
required resources, and needs of the evaluation. This involves engaging with the 
decision makers via stakeholder mapping and workshops to identify, together, 
the gaps and frame the evaluation plan.

• Phase II is to implement the evaluation with a description of the detailed methods 
used to achieve the evaluation aims, including the use of analytical tools.

• Phase III is to report on the evaluation: The reporting step is essential to ensure 
that the results will be taken over by the relevant stakeholders or the decision 
makers. The initial requirements of the evaluation should be answered along 
with accessibility of the results to nonscientific audiences and the provision of 
meaningful recommendations.

• The outcomes of the evaluation will inform the next evaluation cycle; this will 
ensure lessons are learned and that the planning of the next evaluation is based 
on evidence generated by the first one.

3.4.1  Planning Phase

The planning phase includes three main aspects: managing/engaging, defining, and 
framing (Fig. 3.2).

• Stakeholder
 mapping
• Develop
 evaluation
 plan

• Describe the object
• Program theory/ the 
 theory of change
• Identify potential
 unintended results.

REPORT

REPORT

SYNHESIS

PLAN

IMPLEMENT

DESCRIBE

MANAGE/
ENGAGE

DEFINE

FRAME

ANALYSE
Address the
evaluation
question

• Eva purpose
• Eva questions

• Judgment value

Fig. 3.2 The planning phase of the evaluation process
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3.4.1.1  Engaging Stakeholders
The first step in the evaluation process is to plan the evaluation and define the object 
and context of the evaluation. This involves engaging with the decision makers via 
a stakeholder mapping and workshop to identify, with them, the gaps and needs 
required to frame the evaluation plan. This will contribute to ensuring uptake of the 
recommendations by the people that implement and therefore impact the evaluation 
activity (see Part VI).

Determine the stakeholders: Data collection is the main activity of a surveillance 
system. Providers of the data are essential streams to ensure both reliability and 
accuracy of the data. The collected data should, as much as possible, serve the aim 
of the system including the users of the findings. Both providers and users are 
involved in making decisions, participating in program activities, or are affected by 
those activities. The program may have both primary and secondary stakeholders. 
The primary stakeholders are those who are directly involved in or directly affected 
by the program’s outcomes. Secondary stakeholders are those who are less involved 
and less affected by the program but may have some either short- or long-term 
involvement or could influence the program outcomes, which could still be impor-
tant to include (e.g., the Ministry of Health for surveillance programs not related to 
zoonotic diseases). The implementers of the program will be the starting point to 
determine a list of stakeholders.

3.4.1.2  Needs and Required Resources for the Evaluation
When engaging with stakeholders, needs and resources for the evaluation must be 
identified. The following list of essential items can be used to determine the 
resources and needs including gaps in the system (Table 3.2):

• The official name/title of the system and its program. The program is usually the 
official public designation of the system, and the system is the technical proce-
dure or the protocol to be administrated by the program.

• The list of the people and their credentials that are involved in the execution of 
the protocol. This list may include previous and currently involved people if 
there is a long history of the ongoing surveillance system.

• The aim(s) of the program in both technical and governance format (e.g., all the 
legislative documents that formalize the program or specify its framing).

• Outputs, or at least some recent results of the program, particularly communi-
ques with users and providers of the program.

• The proposed protocol to meet the expected outcomes.

The above items provide the background information that will help to make 
choices about how the evaluation needs to be carried out (Why? What? How?). 
Evaluation is bound to a specific context (i.e., the surveillance system, the nature of 
the disease, the decision maker’s needs, the cost requirements, legal requirements, 
etc.). It is essential to define the evaluation question(s) and determine the required 
analytical tools (Table 3.2).

3 Frameworks and Tools for Evaluating Health Surveillance Systems
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3.4.2  Framing the Evaluation

3.4.2.1  Define the Purpose of the Evaluation
The evaluation process should include a clear statement of the type of evaluation 
undertaken. Such statement should be shared with the implementers of the system 
and program prior to the initiation of the evaluation process so that there is an agree-
ment on the expected outcomes. The type and complexity level of evaluation per-
formed will be framed according to its purpose and expected outcomes to ensure 
efficient use of resources. Specific processes may be required if the purpose of the 
evaluation is to demonstrate how the program is satisfying its proposed surveillance 
stream(s), using its resources, and whether any modifications in its process are 
required. In contrast, a different process using outcome and impact evaluation may 
be required if the purpose is to assess the extent to which the surveillance system 
has affected its participants or the environment. Following agreement on the evalu-
ation purpose, clear evaluation question(s) should be formulated to help in the selec-
tion of evaluation tools and methods. The evaluation statement may require revision 
until all of the technical staff of the surveillance system agree.

Table 3.2 Essential elements of context to frame the evaluation process

Context elements Relevance
Surveillance objective Impacts on the selection of evaluation attributes
Hazard name Provides information on the disease under evaluation, 

which will impact the complexity of the evaluation (e.g., 
between animal disease and zoonotic diseases)

Geographical area Provides information on the scale of evaluation
Legal requirements Provides information on the need to meet an effectiveness 

target or not
Strengths and weaknesses about 
current approach

Provides summary information on the rationale behind the 
decision to evaluate

Stakeholder concerns about 
current approach

Provides information on the involvement and interest of 
decision makers in the evaluation process

Alternative strategies to consider Provides information on the type of evaluation required 
(based on a counterfactual or not)

Do you want to evaluate or 
change the system or some 
components in the system?

Provides information on the level of evaluation

How many components will you 
include in this evaluation?

Provides information on the number of counterfactual 
considered

Are you considering risk-based 
options?

Relevant for the inclusion of the attribute risk-based 
criteria definition in the evaluation plan

Will you consider the costs of 
surveillance in your evaluation?

Provides information on the interest of economic 
evaluation

Do you know the current cost of 
your system and/or components?

Provides information on the data required

Do you have a budget constraint? Provides information to define the economic evaluation 
(meeting a budget target or not)

M. Peyre et al.
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3.4.2.2  How to Define the Evaluation Question(S)?
The evaluation questions could be of multiple natures: descriptive (e.g., what is the 
current situation, how is the system organized?); causal, trying to understand the 
factors that contribute to the results of the surveillance (e.g., what are the system 
organization aspects that affect the effectiveness of the system?); technical, trying 
to understand what could be done better and which alternatives will be best (e.g., is 
the system/component cost-effective?); and functional, related to identifying 
changes that should be made to improve the system (e.g., what are the strengths and 
weaknesses of the system). It is important to notice that those questions could be 
interlinked and more than one type of question could be asked during an evaluation 
process. For example, if someone wants to know how the surveillance system is 
performing, what factors are influencing its effectiveness and which corrective 
action should be implemented to improve it.

The important elements to consider when defining evaluation questions are

• Which evaluation level—system or component?
• Which element of evaluation to include—process, effectiveness, economic?
• Which economic evaluation question—cost-optimization, cost-effectiveness, 

cost–benefit?

A list of 11 evaluation questions have been defined by experts to account for 
diverse evaluation needs (Table 3.3) [8]. A decision tree pathway was also devel-
oped to assist the user with the choice of the evaluation questions. In this pathway, 
the users are guided through a series of questions (11 in the longest pathway) to 
define their evaluation priorities (e.g., system or component evaluation; previous 
knowledge of effectiveness; need for economic analysis) and identify the most rel-
evant evaluation question. This guidance pathway to assist with the choice of the 
evaluation questions can also be found in Survtools (Table 3.3) [8].

3.4.3  Which Evaluation Attributes Should Address 
the Question(s)?

The evaluation of a surveillance system and its components will look at different 
aspects of the system according to the purpose and evaluation questions. A set of 
evaluation attributes to assess these aspects have been previously defined and are 
presented in Table 3.3 [8, 10].

The following attributes that influence the overall quality of the system have 
been characterized according to the following criteria [1, 13].

Simplicity, acceptability, and practicality of the surveillance system: The execu-
tion of the system should be as much as possible simple in its operation and practi-
cal in its approach in order to obtain reliable data and information. A critical 
evaluation of the system requires engagement of the stakeholders (providers and 
users of the system) using, for example, participatory approaches and focus group 
discussions. Appropriate, constructive sets of questions to determine their 

3 Frameworks and Tools for Evaluating Health Surveillance Systems
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understanding of the aim of the surveillance and its added value to the community 
are required. The composition of the focus groups should as much as possible rep-
resent providers and users of the system. For example, a focus group for a surveil-
lance system for vesicular swine diseases should include representatives from 
swine industry, local swine farmers, private swine practitioners, and public animal 
health field officers. In addition to the questions, a relevant scenario to reflect col-
lection of data and presentation of the findings can be used as a tool to obtain 
responses to determine the practicality of the system. Calba et al. [6] have devel-
oped a methodology based on participatory approaches to assess the acceptability 
of the system by its stakeholders looking at different aspects including their under-
standing and trust in the system organization (including its simplicity to operate) 
and objectives (cf. Sect. 3.4) [6, 14]. Using a community-based approach (CBA) 
and qualitative social science methods will aid in creating and ensuring a system 
that is understood, accepted, and practical to the community. Community members 
can be asked specific questions to determine their understanding of the specific 
surveillance system during the design and implementation of a project. CBAs have 
proven successful because the most appropriate solutions for problems that arise in 
communities are frequently best addressed by persons directly affected, who have 
intimate knowledge of the situation and involvement in decisions. A CBA is a cost-
effective and efficient disease control method over the long term. There are two 
main parts to a CBA: situation analysis and community mobilization for empower-
ment. Situation analysis includes several parts: information analysis, stakeholder 
analysis, establishing contact with the community, participatory evaluation, and 
participatory planning. The United Nations High Commissioner for Refugees 
explained that information analysis is the phase in which is known information 
from existing documents and data. Community mobilization requires precise and 
accurate statements of the required actions from as well as the benefits to every 
entity of the stakeholders.

Stability, flexibility, and adaptability: Stability of the system in terms of its flex-
ibility and adaptability related to unexpected health and/or political events should 
be assessed prior to and during the implementation of the program. Prior to imple-
mentation, the evaluators can provide a hypothetical scenario with a scoring sheet to 
determine the response and accommodation of the system to event such as emerging 
diseases or unexpected adverse health events. The scenario should be related to the 
specific aim of the surveillance system.

Cultural sensitivity: The system and its activities should be acceptable to the 
community in which it is applied. A social and cultural checklist that is used for 
assessing the evaluation of adaptability can be used both during the planning of the 
system and the evaluation as well. The Australian Institute of Health and Welfare 
has highlighted several great issues to be considered in the evaluation to account for 
those cultural aspects, for example, during the avian influenza outbreak in Indonesia 
in 2005–2006, leaders of mosques and villages were consulted on implementation 
of specific objectives of a surveillance system with the aim to enhance the reliability 
of the system [15]. Delabouglise et al. [4] have shown the importance of cultural 
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and socioeconomic factors in the performances of avian influenza surveillance sys-
tem performances in Thailand and Vietnam [4] (see Parts IV and VI).

Stakeholder communication: The method of communication of a surveillance 
evaluation will depend on the different stakeholders, their familiarity with the 
details of the surveillance system, and their anticipated or intended actions. How, 
when, and why stakeholders will be communicated with is an appropriate activity to 
undertake during the planning stages of the evaluation—so that the appropriate data 
is gathered at the outset and the appropriate method of distribution considered. The 
evaluation must be clear, action oriented, and easily distributed. It should also be 
geared to the particular stakeholder. Stakeholders who are directly involved in the 
surveillance, its design, and activities may require little need for interpretation of 
evaluation findings. Because they have significant knowledge of the system and 
underlying processes, details on the background, etc., will be less necessary. The 
evaluation report will be result oriented, allowing for interpretation. Evaluation 
reports intended for stakeholders who may not be as familiar with the surveillance 
system may require more information, including background, data collection meth-
ods, and analysis. Interpretation of the findings will need to be elaborated upon. 
Interpretive reports do not just provide the results of data collection, but put the 
results in context including, if appropriate, changes over time. When necessary, 
evaluation reports can also take the form of information sheets for lay audiences for 
those who may not have a high level of knowledge on the surveillance topic [1]. 
Depending on the surveillance system being evaluated, other means of communica-
tion of findings may be appropriate including peer reviewed journal articles, 
abstracts or posters given at professional meetings, lay press news items, books, 
book chapters, and web-based publications [1].

Overall sensitivity of system: Most systems require an overall high sensitivity 
particularly when their priority is for early detection of cases. Thus, the overall pro-
portion of nondetected cases (i.e., the proportion of false negatives) of the system 
should be as low as possible. The evaluators should be able to estimate the overall 
sensitivity of the surveillance system by considering all the steps in the diagnosis of 
cases following either a conventional decision tree or the formula for estimating 
herd sensitivity with the adjustments for the various objectives in the final diagnosis 
and all the organizational and functional aspects of the system that are likely to 
influence its sensitivity.

Overall specificity of the final disease diagnosis: Similar to the above item of 
estimation of the overall sensitivity of the surveillance system, the overall specific-
ity should be estimated using the same procedure. The overall proportion of false 
alarms (i.e., false positives) should be assessed with the aim to link it to the overall 
sensitivity. The implementers should be encouraged to have a reasonable proportion 
of false alarms; otherwise, the overall sensitivity will suffer and the resources will 
be poorly used.

Representativeness of the system: Complete documentation of the sampling 
design and its validation should be available for review by evaluators to ensure that 
the inclusion of animals and their premises are representative of the reference popu-
lation and the functional and organizational aspects of the system that may influence 
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its representativeness should be assessed. The plan should include the appropriate 
statistical adjustments so that inference to the reference population can be done.

Timeliness in measuring health events including the response time: The system 
should include a documented plan with various response options according to the 
expected outcomes from the system. The responses should be as much as possible 
comprehensive to include all the potential expected outcomes with scientific justifi-
cations and time periods. These responses are usually specific to the health events 
that are included in the system, but they are also linked to regulations and authori-
ties. The evaluators should be able to review these responses with both scientific 
knowledge and regulations of the underlying the health events in the system. For 
instance, a surveillance stream for national brucellosis control program may include 
mitigation options when animals are serologically positive but with no history of 
clinical signs of the disease in contrast to a different mitigation option when the 
serologically positive animals are associated with farms that have a known history 
of events and/or clinical signs of the disease.

Usefulness of the system: The usefulness of the system will vary according the 
different stakeholders’ needs but could be measured in terms of its impact and/or 
added value to reach its objectives and address those needs. The utility of the system 
could be measured by looking at its economic value and by considering all the orga-
nizational and functional aspects that will influence this aspect.

3.4.4  Implementation Phase

The second phase in the evaluation process concerns the implementation of the 
evaluation itself, including the assessment of evaluation attributes, analyzing the 
data with regard to addressing the evaluation question, and looking at strengths and 
weaknesses of the evaluation approach (Fig. 3.3). Parts III–V of this book cover 
these aspects in detail, providing relevant methodologies for the implementa-
tion phase.

3.4.5  Reporting Phase

During the synthesis step, the data are combined to form an overall assessment of the 
merit or worth of the surveillance program, or to summarize evidence across several 
evaluations. This can be done by using methods such as mult-criteria analysis or 
economic evaluation, looking at the cost-effectiveness, cost–benefit, or cost- utility of 
a surveillance program (see Sect. 3.3). At this stage, the evaluator can assess how can 
the findings from this evaluation be generalized to the future, to other sites, and to 
other strategies or if they are context-specific only. The reporting step is essential to 
ensure that the results will be taken over by the relevant stakeholders or the decision 
makers (Fig. 3.4). The initial requirements of the evaluation should be answered. 
Accessibility of the results to nonscientific audience can be ensured by following the 
1:3:25 principle (1-page outlines, 3-page executive summary; 25-page findings and 
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methods) [16]. Recommendations should be defined with the decision makers and/or 
relevant stakeholders to be realistic and feasible; this could be done by actor consul-
tation such as stakeholder workshops. To further support the use of the evaluation 
findings, the results can be translated into different target audience formats and com-
municated by mass media or publications in newsletters, scientific journals, etc. For 
more information on reporting the results of an evaluation, refer to the specific sec-
tion (Reporting) in the RISKSUR Survtool (https://survtools.org) [8]. Part VI of this 
book provides critical elements on how to increase uptake of evaluation recommen-
dations by decisions makers to ensure change.

3.5  Conclusion

We have seen and described in this chapter the important steps in the evaluation 
process: planning, implementing, reporting—highlighting the fact that defining the 
evaluation question(s) is a critical step as no evaluation should be performed with-
out specific question(s) to be answered. We have seen that considering the organiza-
tional and functional aspects of the system is as important as its technical 
performances to ensure its good functioning. Taking such a comprehensive approach 
to evaluation (including economics) will ensure good performances and appropriate 
use of resources to health surveillance systems and will help to tackle issues linked 
to disease emergence and pandemic threat. The next chapter of this part will present 
the Survtool evaluation framework that promotes this integrated evaluation approach 
and its practical application in the field of animal and zoonotic disease 
surveillance.
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4The EVA Survtool: An Integrated 
Framework to Plan Health Surveillance 
Evaluation

Marisa Peyre, Katja Schulz, Pham Thi Thanh Hoa, 
and Barbara Häsler

Abstract

Currently available frameworks for evaluation of surveillance systems in animal 
or human health often treat technical, process, and socioeconomic aspects sepa-
rately instead of integrating them. The surveillance evaluation (EVA) Survtool, a 
support tool for the evaluation of animal health surveillance systems, was devel-
oped to provide guidance for integrated evaluation of animal health surveillance 
including economic evaluation. The tool was developed by international experts 
in surveillance and evaluation in an iterative process of development, testing, and 
revision; accounting for existing frameworks and guidance, scientific literature, 
and expert opinion elicitation. The EVA tool encompasses a web interface for 
users to develop an evaluation plan, a Wiki classroom to provide theoretical 
information on all required concepts, and a generic evaluation work plan to facil-
itate implementation and reporting of outputs to decision makers. The tool was 
used to plan and conduct epidemiological and economic evaluations of surveil-
lance for classical and African swine fever, bovine virus diarrhea, avian influ-
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enza, and Salmonella Dublin in five European countries. These practical 
applications highlighted the importance of a comprehensive evaluation approach 
to improve the quality of the evaluation outputs (economic evaluation; multiple 
attributes assessment) and demonstrated the usefulness of the guidance provided 
by the EVA tool. At the same time, they showed that comprehensive evaluations 
might be constrained by practical issues (e.g., confidentiality concerns, data 
availability) and resource scarcity. In the long term, the EVA tool is expected to 
increase professional evaluation capacity and help optimizing health surveillance 
system efficiency and resource allocation for both public and private actors of the 
surveillance systems.

The EVA Survtool is freely available online (https://survtools.org/user/login) 
and is shared under the principles of the noncommercial Creative Commons 
license 2017 (i.e., the tool can be freely used and shared for any noncommercial 
purposes but appropriate credit should be given, providing link to the license and 
changes made should be indicated). The tool is linked to the surveillance evalu-
ation Wikispace (https://survtools.org/wiki/surveillance- evaluation/doku.php), 
which is also freely available.

Keywords

Health surveillance · Decision tool · Animal disease · Evaluation

4.1  Overview of the EVA Survtool

The tool has been organized into three main sections to capture all the elements 
critical to an evaluation process and highlighted by the experts during the iterative 
development process of the tool (Fig. 4.1) [1, 2]:

• Section (1): a general introduction to the tool and essential information on 
evaluation concepts, including evaluation attributes and economic methods 
to promote the understanding of the evaluation process and economic 
evaluation

• Section (2): guidance on how to define an evaluation plan based on steps 1 and 2 
with data entry on the evaluation context and the evaluation question and steps 3 
and 4 where the tool facilitates the selection of relevant evaluation attributes and 
assessment methods (including economic analysis)

• Section (3): guidance on how to perform the evaluation and how to report the 
outputs of the evaluation to decision makers

In the introduction section, the tool provides essential information on its organi-
zation and on how it was developed. A manual is also available for download to 
facilitate the use of the tool. This section further provides general information on 
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evaluation concepts, evaluation attributes, and economic evaluation methods to pro-
mote the understanding of the evaluation process and economic evaluation. An 
evaluation process should encompass three main aspects: planning, implementa-
tion, and reporting (Fig. 4.1). This should promote the implementation of “better” 
evaluation and therefore the quality of the data generated by those evaluations, 
along with the use of economic evaluation in the decision-making process.

4.1.1  Step 1: Describing the Surveillance System

Survtool takes the user step by step into describing the surveillance system and 
component under evaluation (https://survtools.org/wiki/surveillance- design- 
framework/doku.php?id=1- surveillance- system).

The first step in this process is the characterization of the surveillance system 
that you can do in the SURVEILLANCE SYSTEM tab. Here you can describe a 
NEW SURVEILLANCE SYSTEM or LIST EXISTING SYSTEMS that you have 
previously described. Within the tool, you need to either select a surveillance sys-
tem from the drop-down list in the top right-hand corner of the screen or create a 
new surveillance system before you can use the design or evaluation tools. The 
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Fig. 4.1 General organization of the EVA tool. Section (1): general introduction to evaluation 
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ation to decision makers. (From [3])

4 The EVA Survtool: An Integrated Framework to Plan Health Surveillance Evaluation

https://survtools.org/wiki/surveillance-design-framework/doku.php?id=1-surveillance-system
https://survtools.org/wiki/surveillance-design-framework/doku.php?id=1-surveillance-system


64

name of the system that is currently active will be displayed in the top right-hand 
corner of the screen.

A surveillance system is defined here as a collection of various surveillance com-
ponents that are all aimed at “describing health-hazard occurrence and contributing 
to the planning, implementation, and evaluation of risk-mitigation actions” [4] for a 
specific health hazard and in a defined region. A surveillance system is therefore 
characterized by (1) one defined hazard that is targeted by surveillance (a disease or 
another health threat); (2) the objective of the surveillance system (the following 
have been identified within the RISKSUR project: case detection, prevalence esti-
mation, demonstrate disease freedom and early detection; see details below); and 
(3) the geographical area covered by the surveillance system.

These surveillance systems are designed within a context that includes (1) the 
specific animal population susceptible to the hazard in the region of interest; (2) 
characteristics of the distribution of the hazard (or hazard risk) at the population 
level, herd level, or animal level, which can impact the design of surveillance; and 
(4) political and economic context link to the surveillance system priorities.

4.1.2  Step 2: Describing the Surveillance Evaluation Context

The tool allows for a sound and standardized identification of the most relevant 
question adapted to the user and/or decision maker needs according to its specific 
surveillance context. The EVA decision tool provides this flexibility to adapt the 
evaluation protocol to the specific case study context including, for example, sur-
veillance objective and decision maker needs.

The evaluation context provides the background information that will help to 
make choices about how the evaluation needs to be carried out (Why? What? How?). 
The tool then asks the user to enter information on the elements of the context (sur-
veillance system and evaluation needs) that are essential to frame the evaluation and 
define the evaluation question and also to analyze and discuss the outputs of the 
evaluation by setting them back in their context (Table 4.1). Some of these context 
elements are being retrieved from the surveillance system description section.

4.1.3  Step 3: Selecting the Evaluation Question

The evaluation question is the most important aspect of the evaluation process. As 
evaluation is intrinsically linked to action, it makes little sense, and is of limited 
interest, to perform an evaluation without a specific objective for action. Indeed, an 
evaluation process with the aim to gather knowledge is qualified as a “quasi- 
evaluation” as it provides elements on how the system is working but no elements 
about why the system is performing this way and is therefore limited in terms of 
recommendation for corrective actions and improvement. This is especially impor-
tant to consider in resource-scarce situation as evaluation has a cost, both in terms 

M. Peyre et al.



65

of human and financial resources, and should therefore provide meaningful and 
practical recommendations for improvement.

A list of 11 evaluation questions were defined within the EVA tool aiming to 
account for diverse evaluation needs including economics (Table  4.1). However, 
this list might not be exhaustive and could be reviewed based on feedback from 
users of the tool and/or comments made on the EVA wiki. A decision tree was also 
developed to assist the user with the choice of the evaluation question. In brief, the 
users are guided through a series of questions (11 in the longest pathway) to define 
their evaluation priorities (e.g., level of evaluation, system, or component; previous 
knowledge of effectiveness; need for economic analysis); and to identify the most 
relevant evaluation question. At the end of the pathway, the user is redirected to the 
evaluation question list and the tool will preselect the appropriate question.

In order to promote best practices in economic evaluation of surveillance, guid-
ance and practical information on economic evaluation is provided both in the tool 
itself and the Wikispace. A series of relevant questions that allow defining an eco-
nomic evaluation question has been developed to help frame the evaluation context 
and the evaluation questions according to this context. Out of the 11 evaluation 

Table 4.1 List of evaluation context elements included in the EVA tool and their relevance in the 
framing of the evaluation process (from [3])

Context elements Relevance
Surveillance objective Impacts on the selection of evaluation attributes
Hazard name Provides information about the disease under evaluation 

that will impact the complexity of the evaluation (e.g., 
between animal disease and zoonotic diseases)

Geographical area Provides information about the scale of the evaluation
Legal requirements Provides information about the need to meet an 

effectiveness target or not
Strengths and weaknesses of the 
current approach

Provide summary information about the rationale behind 
the decision to evaluate - help the evaluator to frame the 
evaluation question

Stakeholder concerns about 
current approach

Provides information about the involvement and interest of 
decision makers in the evaluation process—help the 
evaluator to frame the evaluation question

Alternative strategies to consider Provides information about the type of evaluation required 
(based on a counterfactual or not)

Do you want to evaluate or 
change the system or some 
components in the system?

Provides information about the level of evaluation

How many components will you 
include in this evaluation?

Provides information about the number of counterfactual 
considered

Are you considering risk-based 
options?

Relevant for the inclusion of the attribute risk-based 
criteria definition in the evaluation plan

Will you consider the costs of 
surveillance in your evaluation?

Provides information about the interest of economic 
evaluation

Do you know the current cost of 
your system and/or components?

Provides information about the data required

Do you have a budget constraint? Provides information for the economic evaluation 
(meeting a budget target or not)

4 The EVA Survtool: An Integrated Framework to Plan Health Surveillance Evaluation
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questions defined in the tool, 5 are economic evaluation questions covering three 
common types of economic evaluation methods: least-cost assessment, cost- 
effectiveness, and cost–benefit analysis (Table 4.2).

Table 4.2 List of evaluation questions developed within the EVA tool and evaluation criteria and 
methods linked to each question (from [3])

Evaluation question
Evaluation 
criteria Evaluation method

Evaluation at the component level
Q1. Assess whether one or more surveillance 
component(s) is/are capable of meeting a specified 
technical effectiveness target

Effectiveness Effectiveness 
attribute assessment

Q2. Assess the technical effectiveness of one or 
more surveillance components
Q3. Assess the costs of surveillance components 
(out of two or more) that achieve a defined 
effectiveness target, where effectiveness is already 
known

Effectiveness
Cost

Least-cost 
assessment

Q4. Assess the costs and effectiveness of 
surveillance components (out of two or more) to 
determine which achieves a defined effectiveness 
target at least cost, the effectiveness needs to be 
determined
Q5–Q7. Assess whether a surveillance component generates a net benefit, the biggest net 
benefit or the biggest under a budget constraint for society, industry, or animal holder(s):
Benefit to be measured in monetary terms Effectiveness

Monetary benefit
Cost

Cost–benefit 
assessment

Benefit to be measured in nonmonetary terms or to 
be expressed as an effectiveness measure

Effectiveness
Nonmonetary 
benefit
Cost

Cost-effectiveness 
assessment

Benefit to be measured in both monetary and 
nonmonetary terms (or to be expressed as an 
effectiveness measure)

Monetary benefit
Nonmonetary 
benefit/
effectiveness
Cost

Cost–benefit and 
cost-effectiveness 
assessment

Evaluation at the system level
Q8. Assess the functional aspects of surveillance 
that may influence effectiveness

Effectiveness Functional attribute 
assessment

Q9. Assess the technical effectiveness of one or 
more surveillance components and the functional 
aspects of surveillance that may influence 
effectiveness

Effectiveness and 
functional attribute 
assessment

Q10. Assess the technical effectiveness of the 
surveillance system

Effectiveness 
attribute assessment

Q11. Assess the surveillance structure, function, 
and processes

Process assessment
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4.1.4  Step 4: Selecting the Relevant Evaluation Attributes

The tool provides the full list of attributes organized by level of relevance according 
to the surveillance system under evaluation and the evaluation context and question. 
The user can then select the attribute(s) he wants to include in his evaluation. This 
selection could be done a priori, according to the data currently available on each 
attribute, or in a second step, by first selecting all the highly relevant ones and then 
reviewing the type of methods and data needed to assess each relevant attributes 
(see next step).

A total of 19 evaluation attributes were included in the final list consolidated 
within the RISKSUR project team (Table 4.3). The differences in relevance of eval-
uation attributes mainly depended on the surveillance objective (e.g., early detec-
tion, freedom from disease, case finding), the evaluation question (e.g., value 
attributes, organizational attributes), and in some situations on the surveillance 
design (e.g., risk-based surveillance).

4.1.5  Step 5: Selecting the Evaluation Attribute Assessment 
Methods Including Economic Analysis

A list of 70 different methods and/or specific applications of a method was retrieved 
from the scientific literature. Their characteristics including advantage, limits, and 
competences required to apply the methods were validated by the relevant experts 
and included in the EVA tool and the Wikispace (https://survtools.org/wiki/
surveillance- evaluation/doku.php). The number of methods validated for each eval-
uation attribute is indicated in Table 4.3. The tool allows the user to select the most 
relevant method according to the list of attributes (selected in step 4) and the data 
availability.

Novel methods developed as part of the RISKSUR project were also included in 
the EVA tool including

• EVARisk to assess the risk-based definition criteria; EVARisk is a specific ques-
tionnaire developed to collect data on how risk criteria are defined when design-
ing a risk-based surveillance approach. This questionnaire was developed based 
on a systematic literature review on risk assessment and risk-based sampling 
methods. A fact sheet document on the standard methods to define risk of risk- 
based surveillance was also produced based on the literature review to allow the 
user to qualitatively assess his/her risk selection approach compared to standard 
methodology available in the literature.

• AccePT to assess the acceptability, engagement, and benefits of a surveillance 
system [5] (see Part IV, Chap. 8); AccePT is based on participatory approaches 
and allows gathering semiquantitative information on the level of acceptability 
and/or benefits of the surveillance system by the actors [6]. The use of participa-
tory approaches allows engaging the stakeholder in the evaluation process and in 
the definition of practical corrective actions to improve the system [6].

4 The EVA Survtool: An Integrated Framework to Plan Health Surveillance Evaluation
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• A new approach to assess the effectiveness of the system [7] (see Part V); this 
new rationale to assess effectiveness consists in a generic rationale in which 
effectiveness of a surveillance system is expressed in terms of discrepancy 
between the modalities and intensity of ideal prevention and/or control measures 
(given a perfect knowledge of the true epidemiological status of a population and 
the modalities) and/or control measures that are likely to be actually imple-
mented (often based on the analysis and interpretation of the data produced by a 
surveillance system).

• A cost calculator tool, which was developed by RVC, is provided to estimate the 
cost of health surveillance; the cost is essential to perform economic analysis. 
Economic analysis techniques encompassing least cost, cost-effectiveness, and 
cost–benefit assessments are listed and described in the tool and linked to the 
economic evaluation methods described in detail in the evaluation Wikispace. 
Further information on economic evaluation of surveillance system is presented 
in Part III of this book.

4.1.6  Steps 6 and 7: Implementing the Evaluation 
and Reporting on the Evaluation Outputs

The tool allows to produce a comprehensive evaluation plan that will support the 
evaluators in the implementation of the evaluation (see examples in case studies 
section below).

4.2  Practical Application of the EVA Survtool

4.2.1  Case Study 1. Evaluation of the Swine Disease Surveillance 
System in Vietnam

Information on swine disease srveillance in Vietnam was inputted in the EVA web 
tool in combination with information on the context of evaluation (e.g., decision 
maker, legal requirements). The tool generated an optimum selection of evaluation 
attributes and measurement methods to assess the efficiency, effectiveness (e.g., 
sensitivity), and also functional aspects influencing the overall performance of the 
surveillance system under evaluation. Then information on the evaluation protocol 
was exported from the EVA web tool into PDF file.

4.2.1.1  Evaluation Plan—Outputs of EVA Tool Steps 1–5

Evaluation name Swine disease surveillance system in Vietnam
Evaluator name(s) Thi Thanh Pham Hoa, Marisa Peyre

4 The EVA Survtool: An Integrated Framework to Plan Health Surveillance Evaluation
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Selected Evaluation Question(S)

Evaluation question
EVA tool question 
number

Assess the costs and effectiveness of different surveillance scenarios 
to determine which achieves a defined effectiveness target at least 
cost, the effectiveness needs to be determined

Question 4

Assess whether a surveillance component generates a net benefit, the 
biggest net benefit or the biggest under a budget constraint for society, 
industry, or animal holder(s): Benefit to be measured in monetary 
terms

Question 5

Selected Evaluation Attributes

Evaluation attribute

Attribute 
assessed
Yes/no Justification on the choice/removal

Surveillance 
system 
organization

Yes An assessment of the strengths and weaknesses of the 
surveillance system including the existence of clear, 
relevant objectives is an essential aspect of its 
evaluation to (1) identify the needs for improvement 
and aspects to be evaluated and (2) ensure meaningful 
recommendations.

Acceptability Yes Pig producers’ acceptance to pig disease surveillance 
and control measures and qualitatively assessed based 
on DCE study results (qualified as either high, medium, 
or low).

Timeliness Yes Considered as highly relevant for early detection of 
cases (objective of swine disease surveillance in 
Vietnam) and has great influence on the effectiveness of 
interventions. Timeliness was defined here as the time 
between case detection and reporting by the farmer.

Sensitivity Yes Defined as the ability of the system to detect cases (the 
percentage of reported cases over the total number of 
cases occurring).

Economic 
efficiency 
(cost- 
effectiveness)

Yes Among feasible (acceptable) options that comply with 
minimum legal requirements, the least-cost option 
should be chosen to use resources rationally.

Economic 
efficiency 
(cost–benefit)

Yes Among feasible (acceptable) options that comply with 
minimum legal requirements, the option with the higher 
benefit/cost ratio should be chosen.

Assessment Methods

Attribute Assessment method
Surveillance 
system 
organization

The system was mapped and qualitatively assessed using data on official 
veterinarian actions to animal disease reporting and management of disease 
outbreaks generated in the different studies performed under the framework of 
the same project and using social network analysis method [8] (see Part V).

Sensitivity Quantitatively assessed using data generated in the discrete choice 
experiment (DCE) study previously performed [9] (see Part III).
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Fig. 4.2 Organization of the swine disease surveillance and control system in Vietnam. (From [8])

Attribute Assessment method
Timeliness Assessed qualitatively as high, medium, or low according to the data 

generated in DCE study [9].
Acceptability 
and engagement

Quantitatively assessed using data generated in the DCE study [9].

Monetary 
benefits

Defined as the avoided losses (i.e., the monetary value of the number of 
pigs saved from infectious and/or culling). Assessed using an 
epidemiological simulation model (see Part V).

Costs As the study compared different scenarios, only the variable costs were 
considered. The fixed costs such as veterinarian salaries were not included 
in the calculation as they would be the same for all scenarios. The costs 
considered were payment for veterinarians for movement control and daily 
disease reporting, costs of destroying pigs (disinfection, labors), and 
compensation payment for infected households (see Part III).

4.2.1.2  Implementation of the Evaluation: Step 6

Descriptive Analysis (Qualitative Assessment)
The objective of this task was to describe the surveillance system under evaluation 
and to build an action diagram (flow chart of the links and actins between actors of 
the system considered).

Animal disease information needs to be reported officially from pig farmers to 
commune para-veterinarians, then para-veterinarians report to commune people 
council and district veterinarians (Fig. 4.2). District veterinarians will report animal 
disease to district people’s committee and province veterinarians. In case of emer-
gency, animal disease can be reported by phone so that investigation of animal dis-
ease is performed at the same day or the day after disease reporting. Sampling for 
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animal disease confirmation is often carried out by province veterinarians. 
Laboratory testing takes around 2 days for giving the results so the disease can be 
confirmed in 3–4 days. However, disease outbreak notification needs to be official 
and issued by provincial people committee before disease information is being sent 
to the national veterinary center (DAH). Process of official reporting of animal dis-
ease was considered by the farmers as complicated with several levels of veterinary 
services (commune, district, province, national center) (Fig. 4.2). The action of offi-
cial veterinarians upon animal disease reporting was considered between medium to 
sufficient quality by pig farmers as veterinary officers often visit farm at the same 
day or the day after disease reporting and give advice on disease prevention and 
control. Control measures such as disinfection or destroying dead animals are 
applied to infected holdings even before disease confirmation by the laboratory. Pig 
farmers can report their swine disease to district/province/national level by the hot-
line. In each administrative veterinary service (i.e., district, province, or DAH), 
there are office staffs receiving animal health information through hotline and send 
to lower level (e.g., from DAH (national level) to sub DAH (province level), then to 
veterinary station (district level) for disease investigation. Disease progress is then 
reported daily to upper level. Control measures will be applied if necessary. Informal 
swine disease surveillance system also exists in parallel with formal surveillance 
system and is well developed with the involvement of private actors (Fig. 4.2). Feed/
drug companies often provide free technical support for large pig farms or drug/feed 
shops as a market strategy. Drug/feed delegations from companies often visit farms 
and feed/drug shops to collect data on feed/drug sales as well as the swine disease 
information. When there are swine disease outbreaks at farm, they might give advice 
on diseases treatment or send technicians from the company to do disease investiga-
tion, take samples, and send to their laboratory for disease confirmation. Small pig 
holders often contact drug/feed shops to buy the drug and ask for advice of disease 
treatment when there is any disease problem at their holdings. They also get animal 
health information in surrounding areas from drug/feed sellers to consider the dis-
ease prevention measures at their holdings. According to pig farmers’ perception, 
informal swine disease surveillance is effective in terms of timeliness and scale of 
animal health information transmission.

Acceptability of Surveillance and Control Policy by Pig Farmers
The willingness of pig farmers to report swine diseases at their farms depends 
largely on how veterinary officers interact and control the disease after reporting. 
Three scenarios of disease control measures were used to elicit farmers’ preference 
to report swine diseases (Table 4.4) [9]. Scenario 2 (destroying only dead or unre-
covered pigs in infected households with compensation of 70% market value of pig) 
was well accepted by most pig producers. Around 90% infected households would 
report pig diseases in their holding if they were certain of being compensated. Pig 
farmers mentioned that they can even accept the lower compensation level (50% 
market value of pig) for destroying only dead/unrecovered pig at their farm (sce-
nario 3). However, scenario 1 (stamping out all pigs in infected households with 
compensation of 70% market value for culled pigs) was the least accepted by most 
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pig farmers due to the unacceptability of mass culling of clinically healthy pigs and 
especially culling of healthy breeders. This low acceptability had a great impact on 
the reduction in the proportion of pig farmers willing to report swine diseases and 
therefore had significant influence on the performance of surveillance system.

Timelines of Swine Disease Reporting
Information on swine disease situation in the study area, swine disease ranking, and 
swine disease reporting was obtained from focus group discussions and key infor-
mant interviews [9]. Most pig holders mentioned that they will try to treat sick ani-
mals at least during 1 week before considering reporting; reporting will be based on 
the disease progress upon treatment. They will first contact the veterinary drug sell-
ers or commune para-veterinarians who work as drug sellers or private veterinarians 
to buy drugs or ask for advice on disease treatment (Fig. 4.2). The commune para- 
veterinarian also waits one more week to see the result of the treatment and risk of 
disease spread. The quickest timing for reporting disease would therefore be at least 
2 weeks even in case of high transmission rate between household. If the disease 
does not spread quickly, then the reporting would take even longer time as the vet-
erinarians often give the advice for disease treatment first and assess the disease 
progress (i.e., the severity and/or spread rate) before reporting the disease to upper 
veterinary levels.

Table 4.4 Summary of the evaluation of swine disease surveillance in Vietnam

Surveillance 
and control 
scenarios Description

Evaluation attributes Total 
cost 
(USD)Acceptability Timeliness Sensitivity

Scenario 0 Culling 100% pigs 
in holding, 
compensation 70% 
market value of pig, 
uncertainty of being 
compensated

Very low 10–
12 weeks*

4% 37,070

Scenario 1 Culling 100% pigs 
in holding, 
compensation 70% 
market value of pig, 
certainty of being 
compensated

Low > 4 weeks 52% 424,959

Scenario 2 Culling unrecovered 
pigs, compensation 
70% market value of 
pig, certainty of 
being compensated

High 1–2 weeks 91% 241,548

Scenario 3 Culling unrecovered 
pigs, compensation 
50% market value of 
pig, certainty of 
being compensated

Medium 2–3 weeks 84% 163,635

*Disease reporting at the end of disease outbreak (information derived from semistructured inter-
view of pig farmers and local veterinarians)
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Compensation for culled pigs was considered as a good incentive for pig farmers 
to report swine disease early. However, if the farmers are not certain of being com-
pensated for culled pigs, almost all of them will not report the disease. Some pig 
farmers would report the disease at the end of the outbreak when many infected pigs 
have died and management of dead pigs by the farmer is difficult (Table  4.4). 
Culling all pigs in the pig holding negatively affects early reporting even if the com-
pensation is paid for culled pigs. Under this culling regulation, pig farmers consider 
to report only when infected pigs do not response to treatment and the disease 
spreads among most pigs in the pig holdings. Culling only unrecovered pigs and 
being compensated for culled pigs was perceived by farmers as a strong incentive to 
report early. Anyhow, pig farmers or commune veterinarians will still wait for the 
response of infected pigs to treatment, so the earliest reporting time will remain at 
2 weeks.

Sensitivity of Swine Disease Surveillance System
As seen in the DCE study, under the current scenario (scenario 0) only 4% of the 
farmers actually report swine disease outbreak to the official surveillance system. 
Around half of pig farmers (50%) would report PRRS at their farms under scenario 
1 (i.e., if they are certain to get compensated and if the compensation level is of 70% 
market value for culling all pigs in infected farms) [9]. However, nearly all pig farm-
ers (90%) would report the disease if only dead/unrecovered pigs at their farms are 
destroyed and compensated with 70% market value (scenario 2). Most pig farmers 
(80%) even accepted a lower compensation level of 50% market value for destroy-
ing dead/unrecovered pig (scenario 3) [9].

4.2.1.3  Cost Analysis
The total surveillance and control costs for scenario 1 were nearly twice as high as 
scenario 2 costs and three times higher than scenario 3 costs [8]. This is due to the 
highest number of culled pigs in scenario 1 (culling of all pigs in infected holding). 
This led to the highest compensation payment and costs of pig destroying. Scenario 
2 had higher costs than scenario 3 due to the higher compensation level and the 
higher number of culled pigs. The total cost of each scenario was mainly influenced 
by the amount of compensation payment for pig farmers and therefore by the num-
ber of culled and dead pigs compensated.

4.2.1.4  Cost-Effectiveness Analysis
Overall result: Scenario 2 was found to be the most effective in terms of acceptabil-
ity, timelines, and sensitivity (Table 4.4). However, the total cost of scenario 2 was 
1.5 times higher than scenario 3. Scenario 3 had a medium acceptability level, time-
liness, and a 7% lower sensitivity level than scenario 2. In order to assess the added 
value of scenario 2 versus scenario 3  in terms of disease control, a cost–benefit 
analysis was performed.
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4.2.1.5  Cost–Benefit Analysis
Benefit–cost ratio of scenario 0 could not be estimated as under this current scenario 
almost all pig farmers did not report the disease (Table 4.5). The disease spreads 
easily to surrounding areas without any control. A few farmers (4%) might report 
the disease when there are many dead pigs, but it is usually at the end of the out-
break. Thus, the benefit of control measures could not be estimated at the commune 
level using the simulation model developed in this study. Scenario 3 had the highest 
benefit–cost ratio (B/C = 5.2) compared to scenario 2 (B/C = 3.5) and scenario 1 
(B/C = 1.1). The benefit–cost ratio of scenario 3 was higher than that of scenario 2 
due to saved cost of compensation (i.e., lower compensation level and lower number 
of culled pigs).

4.2.1.6  Recommendations: Step 6 (Addressing the Evaluation 
Questions) and Step 7 (Reporting on the Evaluation Outputs)

The objectives of this task were to review the meaning of the results considering the 
surveillance system in its global aspects and provide recommendations for decision 
makers based on the economic evaluation results.

Quality of the Evaluation Performed
A comprehensive approach was used to perform economic evaluation of swine dis-
ease surveillance and control in Vietnam. Multiple attributes covering different 
aspects of surveillance system effectiveness and efficiency such as organization, 
function, and value of the system were considered. The effectiveness of surveillance 
system was assessed based on the cost-effectiveness analysis of different control 
options, which had a significant influence on the performance of surveillance sys-
tem (i.e., proportion of farmer reporting). This economic analysis technique did not 

Table 4.5 Cost–benefit analysis

Items
Control scenarios
Scenario1 Scenario 2 Scenario 3

Number of infected households 151 161 161
Number of uninfected households 10 0 0
Number of reported households 79 147 135
Number of culled pigs 5271 2945 2718
Number of dead pigs in infected farms
(not reported)

1460 291 518

Number of saved pigs 4190 7685 7685
Total costs 424,959 241,548 163,635
Benefit of saved pigs 461,281 846,044 846,044
Benefit–cost (B/C) ratio 1.10 3.50 5.17
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allow differentiating between the two most effective scenarios (2 and 3). A cost–
benefit analysis was required to assess the added value of detecting 7% more cases 
(sensitivity) with a 50% increase in costs in terms of disease control. The results of 
the cost–benefit analysis highlighted the limited importance of an increase of 7% of 
surveillance sensitivity in terms of efficient disease control. This comprehensive 
evaluation provided meaningful recommendations; however, such evaluation could 
be time consuming and laborious and required simulation modeling and socioeco-
nomic field studies (i.e., DCE) to provide information on farmer’s decision-making 
useful for both quantitative evaluation (sensitivity) and qualitative evaluation 
(acceptability) of surveillance system. Other biases linked to the hypothesis used in 
the modeling study and the cost estimation have been identified and addressed to 
ensure validity of the recommendations and are described elsewhere [8].

Recommendations to Improve Surveillance Strategies
Control scenario involving destroying of only dead and unrecovered pigs and com-
pensation of 70% of pig market value got the highest acceptability, but the scenario 
with compensation of 50% market value for unrecovered pigs gave the highest B/C 
ratio. Culling all pigs in infected households and compensation of 70% market 
value of pig were considered as limited effectiveness due to the low famers’ accept-
ability even though the B/C ratio was 1.1. In case of endemic disease, this scenario 
was thought as wasted money as most farmers considered that they can treat sick 
animals and morbidity and mortality of the diseases depends much on the preven-
tion of other diseases (e.g., classical swine fever, epizootic pneumonia, etc.). 
Keeping infected pigs at pig holdings in infection period showed the potential risk 
of disease spread to surrounding areas. However, improving biosecurity at pig hold-
ings and ensuring proper outbreak management (i.e., disinfection, movement 
restriction, and vaccination) can help to prevent the disease spread. Indeed, previous 
study highlighted that emergency vaccination was a more effective strategy to con-
trol PRRS outbreaks rather than stamping out [10].

4.2.2  Case Study 2: Evaluation of Classical Swine Fever 
Surveillance System in Germany

The Federal State Rhineland-Palatinate in Germany comprises 24 districts and 12 
municipalities, covering a total area of about 20,000 square kilometers. In this state, 
classical swine fever (CSF) infection in wild boars was detected in 1995 and 
between 1998 and 2009 with the two most recent outbreaks occurring in two sepa-
rate parts in the beginning of 2009. Since 2002, infection in the wild boar popula-
tion was controlled in some part by means of oral immunization with vaccination 
baits. In May 2012, the state was officially declared free from CSF. Since then, 
regular surveillance measures have to be applied to demonstrate freedom from the 
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disease. In this case study, the current and alternative surveillance strategies to dem-
onstrate were evaluated to demonstrate freedom from disease.

4.2.2.1  Evaluation Plan—Outputs of EVA Tool Steps 1–5

Evaluation name Classical swine fever in Germany
Evaluator name(s) Katja Schulz, Christoph Staubach, Marisa Peyre

Selected Evaluation Question(S)

Evaluation question

EVA tool 
question 
number

Assess the effectiveness of one or more surveillance component(s) or system(s) 
in relation to a surveillance objective and rank the options accordingly

Question 2

Assess the timeliness of different surveillance strategies and assess the 
acceptability in hunters of different surveillance strategies—These questions 
relate to the EVA tool question: “Assess the technical effectiveness of one or 
more surveillance components and the functional aspects of surveillance that 
may influence effectiveness”

Question 9

Assess the costs of surveillance component(s) or system(s) that achieve(s) a 
defined objective and rank them according to costs to identify the least-cost 
option

Question 3

Selected Evaluation Attributes

Evaluation attribute

Attribute 
assessed
Yes/no Justification on the choice/removal

Surveillance 
system 
organization

Yes An assessment of the strengths and weaknesses of the 
surveillance system including the existence of clear, relevant 
objectives is an essential aspect of its evaluation to (1) 
identify the needs for improvement and aspects to be 
evaluated and (2) ensure meaningful recommendations.

Sensitivity Yes Sensitivity is a critical requirement to fulfill EU regulations 
for CSF. An improvement in timeliness is expected to lead to 
fewer outbreaks.

Timeliness Yes

Acceptability Yes Any change in a surveillance strategy for CSF is likely to be 
influenced by stakeholders.

Economic 
efficiency 
(cost- 
effectiveness)

Yes Among feasible (acceptable) options that comply with 
minimum legal requirements, the least-cost option should be 
chosen to use resources rationally.
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Assessment Methods

Attribute Assessment method

Surveillance system 
organization

Descriptive analysis (qualitative assessment)and SWOT analysis 
using OASIS trop tool (see Part IV)
Component 1 Component 2

Sensitivity and 
timeliness

Field data: Sensitivity of the whole surveillance 
system by using capture–recapture method (see 
Part V)

Simulation data 
(see Part V)

Acceptability and 
engagement

AccePT method (see Part IV)

4.2.2.2  Implementation of the Evaluation: Step 6

Descriptive Analysis (Qualitative Assessment)
The objective of this task was to describe the surveillance system under evaluation 
and build an action diagram (flow chart of the links and actions between actors of 
the system considered).

Method: Application of the OASIS Trop protocol and collation of expert opinion.
System mapping examples (Fig. 4.3):

SWOT Analysis Report
The objective of this task was to gather information on the system performance 
process (strengths and weaknesses of the system). This was conducted using the 
OASIS Trop tool (accessible here: https://survtools.org/wiki/surveillance- 
evaluation/doku.php?id=surveillance- system- organisation).

The OASIS Trop tool results are presented in the following manner:

 – Output 1 gives the satisfaction level of each criterion, which provides an indica-
tion of the functioning and the global situation of the surveillance system.

 – Output 2 indicates the critical points of the surveillance system.
 – Output 3 gives the scores of the quality indicators.

Output 1: Strengths and Weaknesses of the System: Fig. 4.4 demonstrates the 
strengths and weaknesses of the surveillance system process based on the applica-
tion of the OASIS tool (described in Part IV) [11].

M. Peyre et al.
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Feedback on the results of the strengths and weaknesses of the system process (output 1)

Process section Feedback/recommendations
Objectives (100%) The objectives are clearly stated and documented and take into 

consideration all stakeholders.
Central unit (74%) There is no specific steering committee but they are operational and 

they meet regularly (every day communication); their material and 
financial resources are not considered sufficient. However, the human 
resources are sufficient.

Field institutional 
organization (92%)

Only human resources in the field are considered as low sufficient 
(material and financial resources are very sufficient).
Some limits in the representativeness as only some age groups are 
being hunted.

Laboratory (82%) Some tests are not included in interlaboratory trials (pathology and 
sequencing); however, this is not considered as a limitation of the 
system.
Laboratory has only a minor role in the surveillance system.
Investigation team not assigned 100% on the task but could be 
mobilized upon request: Not considered as a limitation.
Low specificity of the suspicion and confirmation tests.
Delivery from laboratory to CU of results sometimes delayed but 
minor problem.

Sections
Result of evaluation per each

section
Percentage of
satisfaction

100%

74%

92%

82%

86%

86%

90%

89%

70%

67%

Section 1: Objectives and context of
surveillance

Section 2: Central institutional organization

Section 3: Field institutional organization

Section 4: Laboratory

Section 5: Surveillance tools

Section 6: Surveillance procedures

Section 7: Data management

Section 8: Fromation

Section 9: Communication

Section 10: Evaluation

Fig. 4.4 Strengths and weaknesses of the surveillance system process: level of compliance of 
each section of the system process according to an ideal system (OASIS Output 1)
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Process section Feedback/recommendations
Surveillance tools 
(86%)

Limits in acceptability of the consequences of a suspicion or case for 
the source or collector data: Important constraints linked to control 
measures implemented.
Specificity of the case definition is low, but this is not an issue as high 
sensitivity is preferred under freedom from disease objective.
Some issue in the delay of sending samples to the laboratory.
Not all but the majority >95% of the collection form and sample are 
correct.

Surveillance 
procedures (86%)

The surveillance is not exhaustive: No = caused by spatial aggregate + 
deficiencies minor (due to hunter engagement) + level of 
underreporting = between 15% and 30% (field agents); intermediary 
units <5% (assumed).
No indemnities for hunters (data source); no awareness building.
Limited representativeness: This bias justifies the need/will to change 
surveillance protocols in place.
The samples obtained are based on the hunting bag and the hunting 
bag itself is already biased by several factors, e.g., hunting intensity, 
hunting ground, environmental conditions, season, hunting ethics, etc.
Furthermore, randomly distributed over the hunting bag, e.g., no 
classification by age classes.
Randomly distributed over the year following the hunting bag 
distribution, e.g., no classification by season.

Data management 
(90%)

A relational database exists and is considered adequate but does not 
hold all the data (only a majority).
There is a delay in data input time, but this time lag is considered 
minor and does not affect the system efficacy.

Training (89%) Some actors are not concerned by the initial training.
There is no refresher training in place.

Communication 
(70%)

The frequency of report/publications is not planned by the network.
There is a feedback of results to field actors but no means to control it.
There is regular dissemination of reports, easy to control but no 
guarantee that it reaches all field actors.
Communication system: Not all the actors use the communication 
means.

Evaluation (67%) Performance indicators measured: Depending on the federal states 
sometimes major improvements are required.
There is no external evaluation.

Output 2: Critical Points Analysis: The OASIS tool identifies seven critical 
points for the surveillance system using the hazard analysis critical control point 
(HACCP) method [12]:

 – Objectives: This point assesses the capacity of the objectives to be coherent and 
consider the expectation of the different stakeholders and of the surveillance 
procedures to be appropriate with the surveillance objectives.

 – Sampling: This point assesses the quality of the sampling.
 – Animation: This point evaluates the quality of the trainings and the awareness of 

field agents and the organization of the surveillance system.
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 – Tools: This point assesses the quality of the collection, testing, analysis of the 
samples (i.e., the quality of the laboratory processes).

 – Collection and circulation of data: This point assesses the quality of the samples 
and results collection and the system communication.

 – Processing and interpretation: This point assesses the quality of the data 
management.

 – Dissemination and information: This point assesses the quality of the communi-
cation of the results.

Figure 4.5 shows that the most critical point in the system in need of improve-
ment is “dissemination and information.” This has an impact on the level of accept-
ability and compliance with the system. Further, improvement could be made 
regarding sampling to improve representativeness. The points “tools and process-
ing” and interpretation of data show smaller margins for improvement.

Output 3: Qualitative analysis of the evaluation attributes (how the system pro-
cess affects the effectiveness and functional attributes of the system). The score of 
the performance and functional attributes results from a combination of scores of 
the different criteria from the OASIS Trop score grid. The size of the blue portion of 
each bar on the radar represents the level of the satisfaction for the performance 
attribute considered.

The freedom from disease surveillance system requires a higher sensitivity over 
specificity. However, the sensitivity of the system is not optimal (66%) as it is 
affected by the acceptability of the stakeholders (70%) and the representativeness 
(69%), which are two elements of the system to be improved (Fig. 4.6).
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Fig. 4.5 Critical control point assessment of the classical swine fever system in Germany (OASIS 
Trop Output 2)
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Analysis of Changes in the System Process Incurred by the Change 
in Surveillance Design
A wide range of different active, passive, and combined surveillance scenarios were 
simulated as listed below varying the number of samples, targeted districts, fre-
quency, types of samples, and age classes of animals. The strategies based on differ-
ent age classes will only change the shooting behavior of the hunters, which means 
that they need to shoot more animals of a defined age group. The strategies based on 
defining districts will change the workload and reduce the cost for some veterinary 
authorities and some hunters (transport costs, sampling costs). The strategies based 
on season will change the workload and the cost within 1 year as the samples have 
to be delivered and picked up only in certain month, which impacts on transport and 
sampling costs. The strategies based on sample size will reduce or increase trans-
port and sampling costs due to a lower or higher volume. Moreover, the costs are 
dependent on the examination of samples, that is, whether they were only serologi-
cally, virologically examined, or in both ways.

4.2.2.3  Cost Analysis
The aim was to assess the cost of the different options considered for the case study 
(current and novel design).

Method: A cost-effectiveness analysis was used to identify which strategies 
could achieve a defined target at the least cost [13]. First, all strategies that achieved 

1-Sensitivity

97%
10-Utility 66%

50%

69%

74%

67%

83%

70%

78%

60%

2-Speciticity

3-Representativness

4-Rapidity

5-Flexibility

6-Fiablity

7-Stability

8-Acceptability

9-Simplicity

Fig. 4.6 Qualitative assessment of classical swine fever surveillance system performance and 
functional attributes (OASIS Trop Output 3)
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a detection probability of at least 95% (i.e., an effectiveness of 100%) were identi-
fied. Second, the costs for each strategy were calculated using the cost calculation 
spreadsheet taking into account variable additional costs for labor, operations, and 
expenses associated with each strategy (https://survtools.org/wiki/surveillance- 
evaluation/doku.php?id=cost- analysis) (Table 4.6). The costs for each of the 100% 
effective scenarios were expressed as cost units (instead of euros) due to data confi-
dentiality issues. To estimate these cost units, the costs of the reference strategy 
were estimated taking into account the variable costs for transport and analysis. The 
costs for the alternative surveillance strategies were then estimated and represented 
as a proportion relative to the estimated costs of the reference strategy.

Discussion: The cost assessment showed that—among all the scenarios that 
would comply with legislative requirements (i.e., 95% detection probability)—there 
would be 19 scenarios leading to lower surveillance costs when using serological 
testing and 11 scenarios when using serological and virological testing. Consequently, 
there are cost savings to be made in CSF surveillance in Germany.

4.2.2.4  Effectiveness Assessment
Sensitivity was assessed by measuring the detection probability. This was done 
using a simulation model [13]. The model was based on real data including popula-
tion estimates, population structure, hunting data, and course of infection and used 
to determine the detection probability of infection within 1 year.

There were many scenarios that achieved the target effectiveness. The difference 
between random or real distributed sampling over the year was found to be very 

Table 4.6 Overall evaluation of all strategies, in which all three evaluation attributes and costs 
were investigated. S represents the score, whereby 1 constitutes the best result; sero = simulation 
of serological sample examination, vise  =  serological and virological sample examination 
(from [13])

Strategy
Sensitivity 
in % S Timeliness S Acceptability S

Cost 
difference in 
Euro S

Total 
score

S4 sero 99.76 1 0.129 2 1 1 0 3 1.8
S4 vise 99.82 1 0.133 1 1 1 14,018.4 5 2.0
S11 
vise

99.47 1 0.124 3 −0.4 4 −27,146.4 2 2.5

S11 
sero

99.27 1 0.12 5 −0.4 4 −28,800 1 2.8

S1 vise 99.99 1 0.122 4 0.9 2 14,018.4 5 3.0
S1 sero 99.95 1 0.117 6 0.9 2 0 3 3.0
S12 
vise

99.91 1 0.12 5 −0.4 4 −27,146.4 2 3.0

S13 
vise

99.82 1 0.117 6 −0.4 4 −27,146.4 2 3.3

S12 
sero

99.82 1 0.115 8 −0.4 4 −28,800 1 3.5

S27 
sero

99.96 1 0.116 7 −0.3 3 3,585.6 4 3.8

SI3 sero 99.72 1 0.113 9 −0.4 4 −28,800 1 3.8

M. Peyre et al.
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small. The sensitivity of serological examination was nearly as high as if perform-
ing both examinations. However, virological examination only was found to result 
in a lower sensitivity. When samples were examined serologically as well as viro-
logically almost in all strategies, the detection probability was above 95% (in 21 
from 24). When the samples were only examined virologically, the detection prob-
ability did not exceed 85%. The reference strategy was shown to have almost 100% 
detection probability. Most of the risk-based strategies showed a detection probabil-
ity above 95% provided that the samples were not only examined virologically.

Timeliness was defined as the time between introduction and detection of a CSF 
virus infection. Using the model described above, for every repeated simulation 
with detection of the infection, timeliness was estimated as the number of months 
between introduction and detection of the infection. The results for the timeliness 
assessment were consistent with those found for sensitivity. The best timeliness 
could be seen in risk-based strategies that were taking into account the age of the 
animals. It was found that smaller sample sizes resulted in lower timeliness.

Acceptability, which provides evidence on the functional aspect of the surveil-
lance strategies, was investigated using participatory methods as described previ-
ously [14]. Within the surveillance system for CSF in wild boar, hunters play a key 
role in sample collection. The acceptability by hunters and veterinarians of the cur-
rent system as well as of some of the alternative strategies was examined [15] 
(Table 4.6) (see Part IV).

The trust in the system by the hunters was quite high (0.75). However, their 
acceptability of the objective of the system was moderate (0.4) and the acceptability 
of the operation even lower (0.1).

Their acceptability of the strategy in which only samples resulting from passive 
surveillance should be examined was very low (−1.3). This was mainly due to the 
fact that sampling dead, decomposing animals can be rather unpleasant. Interestingly, 
the hunters’ acceptability of the strategy of taking 59 samples only quarterly was 
only moderate (0.4). The most accepted strategy was taking the 59 samples only 
within the age group of subadult animals (1). Remarkably, also the currently imple-
mented active surveillance strategy was well accepted (0.9). It was not possible to 
present all scenarios to the hunters; therefore, only the results for a few scenarios are 
available. Because it was not straightforward to recruit hunters and they were mainly 
from one age group, there was a risk of bias and subjectivity.

4.2.2.5  Cost-Effectiveness Assessment
Overall Result: For each attribute, a rank was given to each attribute and the com-
bined rank was determined weighing each attribute equally (Table 4.6). Doing this, 
it was possible to present an overall priority list of the potential scenarios.

4.2.2.6  Recommendations: Step 6 (Addressing the Evaluation 
Questions) and Step 7 (Reporting on the Evaluation Outputs)

The objectives of this task were to review the meaning of the results considering the 
surveillance system in its global aspects and provide recommendations for decision 
makers based on the economic evaluation results.

4 The EVA Survtool: An Integrated Framework to Plan Health Surveillance Evaluation
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Quality of the Evaluation Performed
Because fewer data are commonly available on passive surveillance compared to 
active surveillance, the outcomes of the simulation model may not have full reli-
ability. The differences in detection probabilities were found to be rather small (e.g., 
99.9 vs. 99.5), which may be due to the simulation differences (1000 simulation 
runs). The combination of sensitivity analysis and timeliness analysis did produce 
important additional information. Even when strategies result in an equal detection 
probability, the timeliness can be the crucial factor for the final choice of a strategy.

The focus group discussion added value to the evaluation. It became obvious that 
some of the strategies, although they would be cheaper and more effective, would 
not be very well accepted by the hunters.

The final results of the analysis showed the benefit of combining different evalu-
ation attributes and also performing an economic evaluation. Thereby, it was pos-
sible to identify the strategy resulting in the best overall performance, but it needs 
to be kept in mind that the attributes may need to be weighted differently, which 
would change the ranking of the combined performance assessment.

Recommendations for Surveillance Design Changes
While the current surveillance strategy has a good performance, it is worth consid-
ering to sample only in defined age groups. If a decision maker is interested in sav-
ing costs, it is advisable to discontinue the double serological and virological 
examination of the samples. The results suggest that the sample size could be 
decreased to 50 or even 40 samples per district as the 59 sample size calculation is 
based on the assumption of an infinite population and a homogenous distribution of 
infection with the population. Finally, the combination of different strategies (lower 
sample size within a defined age class) was found to be a feasible and cost-effective 
alternative.

4.3  Conclusion

The EVA tool provides a comprehensive framework for integrated evaluation of 
health surveillance, including a step-by-step guide on how to best perform the eval-
uation and providing a reference online platform for health surveillance evaluation 
methods. Its applications in the field highlighted the importance of such a compre-
hensive evaluation approach to improve the quality of the evaluation outputs (eco-
nomic evaluation; multiple attributes assessment) and demonstrated the usefulness 
of the guidance provided by the tool itself. Comprehensive evaluations might be 
constrained by practical issues (e.g., confidentiality concerns, data availability) and 
resource scarcity. In the long term, the EVA tool is expected to increase professional 
evaluation capacity and help optimizing health surveillance system efficiency and 
resource allocation for both public and private actors of the surveillance systems.
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5The Economics of Surveillance

Keith Howe

Abstract

Surveillance is both a technical process and, because it uses scarce resources, an 
economic process. The product (or output) of surveillance is information. More 
precisely, surveillance is an intermediate product whose value derives from its 
role as an input to decisions about mitigating the effects of disease. Disease 
effects are twofold: lost benefits to people who could have consumed the goods 
and services disease-affected animals would have produced; the opportunity cost 
of resources allocated to disease mitigation which otherwise could have been 
allocated to other productive use. Production economics principles illuminate the 
key considerations. A surveillance information production function is a technical 
relationship showing how the quantity of information produced depends on the 
variable quantities of surveillance resources used. If scientific advance makes 
resources more productive, the production function shifts upwards to a new fron-
tier of technical efficiency. But knowledge of technical efficiency is insufficient. 
For economic efficiency, information must be obtained at least cost. Furthermore, 
normally surveillance information is useful only when used in association with 
resources for intervention. Thus the relationship of most interest is a three- 
dimensional disease mitigation surface, illustrated here for avoided animal out-
put losses as a function of variable combinations of surveillance and intervention 
resources. Surveillance and intervention are typically economic substitutes. The 
ratio in which they are combined depends on (a) the specific characteristics of the 
technical relationship between them and (b) their relative monetary costs of pro-
vision. Having also estimated the monetary value of output losses avoided for all 
combinations of surveillance and intervention, the maximum net benefits from 
mitigation, that is, overall economic optimum, can be obtained. No longer con-
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strained to specify ex ante a functional form for econometric estimation, modern 
computers potentially facilitate simulation of mitigation surfaces and the deriva-
tion of economic efficiency measures as never before.

Keywords

Health economics · Surveillance · Evaluation

5.1  Introduction

Definitions of surveillance naturally tend to focus on its technical aspects. Thus 
Häsler [1] describes surveillance as being for early warning when disease (re-)
occurs, to detect infection or disease, to measure prevalence of incidence of patho-
gens or hazards found in animal populations or along the food chain, to inform 
intervention activities to reduce or eradicate disease, and to document freedom from 
disease, infection, or the level of chemical contaminants in food products. In sum-
mary, core surveillance activities are data collection, measurement, documentation, 
and communication.

Central to the present context is that all those activities depend on use of real 
resources for their implementation—animal owners, field workers, scientists, 
test equipment, laboratories, data recording and reporting facilities, and so on. 
In that sense, Thacker’s [2] more general definition of surveillance as a scien-
tific, factual tool that informs policy decisions and the allocation of resources 
for disease control is more comprehensive for its explicit recognition that sur-
veillance is also part of an economic process, that is, it affects resource alloca-
tion decisions. But still the definition is deficient. The missing element is 
reference to the economic product of surveillance, the purpose it serves by pro-
ducing something people value, and so want the benefits it provides. From an 
economics perspective, disease control is not an end in itself. Rather, the objec-
tive is to diminish the negative consequences of disease, better described as 
mitigating disease effects, thus reducing value losses for people’s benefit and 
hence enhancing their sense of well-being.

5.2  Surveillance Information Is an Economic Product

In brief summary, the purpose of surveillance is to produce information to assist 
decision-makers in responding to disease, whether it is actual or in prospect. 
Importantly, information is the result, or product (synonym output), of processing 
data; data and information are different conceptually, and must not to be confused 
[3, 4]. Moreover, in economic terms surveillance information is typically an inter-
mediate, not final, product; surveillance information is an input to another process, 
that of decision-making about actions to be taken for disease mitigation. Specifically, 
the information acquired from surveillance helps decision-makers make choices 
about what interventions, if any, should be made to mitigate negative disease effects.
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However, surveillance information could be regarded as a final product if its 
purpose is the accumulation of scientific knowledge about, say, an emerging disease 
currently not considered to be of actual economic consequence, although poten-
tially it may become so in future. In that context, information represents a stock of 
knowledge that can be drawn on at some future date, if required. It is closer to the 
end product of an epidemiological survey explicitly designed to obtain knowledge, 
not surveillance in its full sense, even though provided by a surveillance system.

Although simple in concept, surveillance information as a product is multidi-
mensional. It is a flow variable, its purpose to report the outcomes of actual or 
expected consequences of disease (e.g. incidence, geographical dispersion, rates of 
change over calendar time) as a basis for decisions about what to do. The process is 
dynamic in the sense that surveillance is about documenting and promoting actions 
when facing changes, whether from a state of disease absence which switches to 
disease present, or then mapping (often literally) the progress of disease over real 
time as its consequences are experienced throughout an animal population. It fol-
lows that assuring the quality or, in other words, the technical efficiency of surveil-
lance is of major importance, typically under conditions of uncertainty, reflecting 
the current state of disease science, analytical capacity including human skills and 
knowhow, and capacity of decision-makers to take the correct action. Such quality 
conditions must obtain for all quantities and combinations of resources committed 
to surveillance.

5.3  Surveillance Is a Production Process

In the following explanation, it is assumed that the surveillance system is optimally 
efficient in a technical sense. In other words, at any given time the technical infor-
mation obtained from any level and configuration of specific surveillance resources 
is always the maximum (or ‘best’) possible. Moreover, it helps to think of surveil-
lance information as a single homogeneous product. Similarly, surveillance 
resources can be conceptualised as homogeneous units of aggregated individual 
elements. It follows that a technically optimal surveillance system is one for which 
the information produced is the best possible for any given level of resource use. 
Implicitly, it follows that the individual elements which comprise aggregate units of 
resource correspondingly must be optimally combined in technical sense; if subop-
timal at any level, so will be the surveillance information produced.

The above interpretation facilitates explanation of important relationships by use 
of simple production economics principles. A basic introduction for animal health 
economics and production is found in Rushton [5], and a more advanced and gen-
eral treatment in Beattie et al. [6]. The ultimate objective for applied economists is 
to quantify relationships as an aid to policymakers in the process of decision- 
making. But it cannot be stressed too strongly that even without quantification any-
one concerned with policymaking needs to understand the fundamental logic of the 
economic principles when taking decisions about committing resources to surveil-
lance. Economics really is too important to be left to the experts [7].
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In general terms, the resource–product relationships described recall other appli-
cations in animal health. The generic term for any relationship involving the trans-
formation of resources into products is a production function. Here, the product is 
surveillance information, and so Fig. 5.1 shows two stylised examples of surveil-
lance information production functions (SIPFs). Consistent with the discussion 
above, these describe optimally efficient relationships or ‘best-practice frontiers’. 
By assumption, the curves display diminishing returns, indicating that adding more 
resources to generate more surveillance information (variable resources) does so at 
a diminishing rate when other resources are in fixed supply, at least in the short 
term. Specifically which resources are considered fixed will depend on actual cir-
cumstances in any given case. But personnel equipped with the necessary analytical 
skills is a candidate if, for instance, coping with a burgeoning accumulation of data 
in a fast developing disease outbreak stretches capacity to its limit; indeed, capacity 
constraints similarly may apply when conditions are not extreme. The assumption 
is defensible because it reflects experience of similar relationships found widely in 
the real world. In brief, it means that the technical efficiency with which variable 
resources are used in production when others are fixed eventually declines.

However, while the overall shape of any SIPF is unlikely to be linear (no dimin-
ishing returns), it is conceivable that diminishing returns set in slowly. It means that 
successive increments of variable surveillance resources add to information by 
increments that decline progressively in very small amounts. In mathematical 
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Fig. 5.1 Surveillance information production functions (SIPFs) and technical efficiency
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economics terms, the marginal productivity of surveillance resources tends to zero 
over a large quantitative range of resource use. This could occur as a result of ‘learn-
ing by doing’; personnel become more experienced and adept at data collection, 
interpretation, and analysis as the scale of other surveillance resources provided in 
support of activities increases.1 Whether in fact this is so is a question for investiga-
tion in specific cases. Certainly, it is expected that the marginal product2 of variable 
surveillance resources approaches zero at some level of their use.

5.4  Choice of Surveillance Approach

Figure 5.1 draws attention to an important consideration for decision-makers con-
cerned with policies aimed at improving surveillance information. Suppose that cur-
rently OS1 information product is obtained for a given disease from OR1 resources 
on SIPF1, and animal health policymakers consider that OS2 information product is 
desirable. This objective may result from evidence that a particular disease threat is 
imminent or an exotic disease is now considered of sufficient concern to merit 
greater surveillance attention than hitherto.

There is more than one way to approach finding a solution, of which Fig. 5.1 
illustrates the two extremes. Vertical AB indicates increased productivity of existing 
quantities of surveillance resources; in other words, improve the quality of resources 
currently in use. For example, scientists advance understanding of the disease and 
its behaviour in the susceptible animal population, personnel are brought up to date 
in all relevant respects (animal owners and veterinarians skilled in observation, 
diagnosis, ability to use test equipment, analytical techniques for interpretation of 
test results, institutional structures fully equipped to facilitate rapid communication 
to those responsible for consequent interventions), and so on.

Given sufficient time, this first solution implies providing significant new 
resources for scientific research aimed at understanding a specific disease or dis-
eases in general, and improving practical capacities for surveillance. Collectively, 
these are exogenous resources (thus excluded from the Fig. 5.1 model) injected to 
achieve technical progress, a generic term for enhanced productivity. A successful 
outcome has the effect of rendering SIPF1 apparently redundant as SIPF2 replaces 
it as the new best-practice frontier. But Fig. 5.1 also suggests that even with SIPF1 
and current knowledge OS2 is achievable by increasing OR1 quantity of resources 
to OR2 (from A to C), say by employing more veterinarians and associated person-
nel in surveillance, providing them with necessary equipment, and supplementing 

1 Indeed, increasing returns might occur at very low levels of variable resource use. Consider the 
example of a new surveillance facility being established, a laboratory fully equipped except for its 
complement of scientists. As staff with different skills are appointed and begin to interact produc-
tively, the overall efficiency of resource use may well increase, at least over a range of numbers 
employed.
2 Marginal product is the increment of product (here, surveillance information) that results from an 
increment of (surveillance) resources.
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existing resources for disseminating information to animal owners about how to 
minimise, or preferably avoid, disease spread. In cases of highly infective diseases, 
for example, foot and mouth disease, sometimes this latter requirement applies also 
to the general public.

According to the model, adding (OR2 – OR1) resources with respect to SIPF1 
has the same effect on surveillance information as OS2 – OS1, the effect of intro-
ducing new resources to shift SIPF1 upwards to SIPF2. But SIPF2 and SIPF1 are 
presented as extremes, and so AB and AC similarly locate extreme possibilities. In 
practice, there is an array of different combinations of scientific advance and addi-
tional resources which also satisfy the policy objective of raising OS1 to OS2 sur-
veillance information output. SIPF1 is technically inferior to SIPF2 and so becomes 
the now second-best-practice efficiency frontier to the latter’s best practice. But 
implicitly between the two is an array of surveillance information production func-
tions, SIPFi for i = 1, 2, 3, …….n, offering different combinations of efficiency 
improvement both from adding new resources and adding currently available 
resources to those already in use.

Given scope for planning ahead before making a choice, the crucial economic 
question is which of all feasible options achieves the policy objective, that of more 
surveillance information at least cost. The caveat is that choice may be constrained 
by practical circumstances. It is one thing having sufficient time to conduct surveil-
lance ahead of a disease outbreak, or to monitor prevalence changes for endemic 
disease of low infectivity and scope for spread throughout an animal population, 
and quite another when a sudden unforeseen outbreak of a highly infective disease 
demands immediate action—the so-called ‘fire brigade’ approach. In those circum-
stances, in effect there is no decision to make; it is made already in the light of prior 
information about the expected consequences of not intervening to mitigate out-
break effects, both technical and economic. The important issue of intervention is 
considered below.

If resources are to be committed for a long period ahead, their opportunity cost 
that explicitly accounts for time must be taken into account, that is, the net present 
value of benefits forgone as a result of not allocating resources to their alternative 
use expected to yield highest net benefits. In the simplest case, a choice may need to 
be made between allocating surveillance resources to disease X rather than disease 
Y (a competitive relationship); in other circumstances, allocating resources to dis-
ease X may contribute positively to disease Y surveillance (a complementary rela-
tionship). The same criterion applies to investment in surveillance in general, such 
as whether society benefits more from animal health surveillance than from human 
health surveillance, given that the two categories overlap for zoonoses. Taking into 
account the specific technical characteristics of relationships in actual cases is fun-
damental to economic choices in resource allocation decisions. Multiple disease 
surveillance systems and One Health perspectives (see Case Study 2) are extensions 
of these considerations.
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5.5  The Value of Surveillance

Surveillance information is commonly defined exclusively according to its techni-
cal specifications, but increasingly it is recognised that economics must be taken 
into account [8–11]. As noted above, the resources committed to surveillance have 
an opportunity cost, not only in terms of trade-offs between different diseases, or 
categories of disease, but overall for society as a whole. However, translating the 
technical production function relationships into value terms presents problems. On 
the one hand, the monetary value of surveillance resources (financial costs of 
employing scientists and veterinarians, maintaining laboratories, purchasing test 
equipment, transport provision, paying for dissemination activities, etc.) normally 
can be estimated with acceptable accuracy; on the other hand, valuing surveillance 
information is problematical.

5.5.1  Cost-Effectiveness Criteria

Owing to its multifaceted technical aspects, it is unsurprising that economic evalu-
ation tends to focus on cost-effectiveness criteria, that is, how cheaply specified 
technical requirements for surveillance can be satisfied. In relation to Fig. 5.1, this 
is equivalent to technical specification of, say, OS2 surveillance information, and 
then calculating which of OR1 and OR2 quantities of resources—or some interme-
diate quantity supplemented by exogenous resources to raise productivity—achieves 
OS2 at least financial cost. In this simple theoretical model, units of surveillance 
resource give rise to units of surveillance information assuming homogeneous qual-
ity for each of the variables. Relaxing that restrictive assumption, and reinterpreting 
the surveillance resources horizontal axis as measuring equal increments in finan-
cial expenditure instead of equal units of aggregate physical resources, we can think 
of unpacking those units into their component parts. That way, the composition of 
OS1 financial expenditure in terms of its separate technical elements identifies the 
most cost-effective system for conducting surveillance consistent with production 
of OS2 information.

Note that cost–benefit analysis is presented later, when dealing with the link 
between surveillance and intervention.

5.5.2  Willingness-to-Pay Approaches

In the absence of valuations directly observable from market prices, as necessarily 
they are, approximations to non-monetary values for stakeholders’ willingness to 
pay for surveillance are derived by indirect methods. Other approaches to surveil-
lance valuation are by discrete choice experiments [12] and contingent valuation 
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[13, 14]. Inevitably, answers may vary according to who is asked—individual live-
stock farmers directly affected in the event of disease outbreak, epidemiologists 
aware of effects at population level, and so on. Certainly these procedures are a step 
in the right economic direction when other data are unavailable.

In interim conclusion, surveillance system design is both a technical and an eco-
nomic matter. Choices made about the design and resourcing of surveillance sys-
tems affect the flow of information in quantity and quality. Thus the level of financial 
provision for surveillance, and implicitly the availability of real resources for it, is a 
consideration that justifies close scrutiny (see, e.g., [15]). The key question to be 
answered in making all resource allocation decisions is, ‘is it worth it?’ The ques-
tion is only partly answered by the cost-effectiveness criterion because it requires 
consideration of not only the costs of resources but also surveillance benefits. Often 
the focus may be on particular interest groups, livestock farmers for instance, but 
ultimately it is an issue for society at large.

5.6  Surveillance and Intervention Are Interdependent

Economic evaluation is always about relationships between variables. Consequently, 
full economic evaluation of any production process cannot be made without refer-
ence to both costs and benefits. These are measured using money as the unit of 
account because it is the only feasible way to compare real resources and products 
which are technically dissimilar and to aggregate them if required, as is frequently so.

The task of measuring the benefits of surveillance is anyway complicated because 
its value is not independent of decisions made to make interventions, and therefore 
use additional resources with the purpose of mitigating disease effects, on the basis 
of the information acquired. As previously noted, surveillance is not an end in itself, 
not even, say, if its purpose initially is to acquire a better understanding of disease 
aetiology ostensibly for its own sake.

Figure 5.2 summarises the relationship between surveillance, intervention, and 
their common purpose, which is to avoid benefits lost to people as a result of animal 
disease. The origin of benefit losses is reductions in production of all the goods and 
services animals provide for people’s consumption that are caused by animal dis-
ease [an example of the wider range of animal (or zoonotic) disease impacts has 
been described in [17]—Box 5.1]. Without disease, more animal products would be 
available to people, enabling them to enhance their well-being. Also, resources 

SURVEILLANCE
Information for decisions

regarding the implementation
of intervention

INTERVENTION
Measures to reduce

disease in population

MITIGATION
Loss avoidance

Fig. 5.2 The relationship between surveillance, intervention, and loss avoidance. (Source: [16])
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devoted to surveillance and intervention would then be released and available for 
alternative productive use.3 Details are discussed below.

Regarding resources, although different according to their particular characteris-
tics, both surveillance and intervention employ an array of resources including sci-
entists, field workers, administrators, test and treatment equipment, laboratories, 
data processing facilities, means of transport, and more, all variously combined. 
Some resources (e.g. laboratories, full-time personnel, in institutions such as the 
UK’s Animal and Plant Health Agency) are fixed in the short term, and others vari-
able according to the particular disease, or diseases, to be addressed at any given time.

As also previously noted, monetary costs of resources are relatively straightfor-
ward to identify and calculate, amounting to the sum of expenditures on wages and 
salaries, equipment, rents and depreciation on buildings, etc., incurred over a given 
time period. Moreover, surveillance and intervention resources can be separately 
identified, if imperfectly, and costs allocated accordingly. But the benefits from dis-
ease mitigation are attributable to both surveillance and intervention. Even if the 
objective for surveillance is initially viewed as to provide information as the final 
product, putative future benefits still cannot be categorically attributed to surveil-
lance alone. Account must be taken of the possibility that interventions will be 

3 At risk of stating the obvious, that is not to say existing surveillance and associated resources 
suddenly are able to metamorphose seamlessly into something quite different. Some are transfer-
able to other uses (e.g. scientists) while even they, along with highly specialised resources, will be 
differently employed from the outset if there is reduced need over the long term to mitigate nega-
tive effects of animal disease.

Box 5.1 The Wider Range of Disease Impacts

  

Socio-economic impacts of Rift Valley fever per sector, level, and type of 
effects induced. The links between the disease and the different sectors and 
level impacted (health-related costs) are represented by straight (red) arrows; 
the links between the different sectors and level impacted (non-health-related 
costs) are represented by the curved (blue) arrows. (Adapted from [17])
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necessary, even if only on a very limited scale. The reason lies in the specific char-
acteristics of benefits, which need careful definition.

5.7  Surveillance, Intervention, and the Benefits

In summary, there are four main categories of economic benefits of which only the 
first may be attributed exclusively to surveillance.

 1. Intervention resources saved as a result of surveillance enabling advance prepa-
ration and rapid intervention response if or when disease occurs. Thus a precon-
dition for estimating monetary expenditures on resources incurred in the event of 
disease is existence of a technical plan, blueprint, or best guestimate outlining 
what to do and with what resources under different scenarios. Intervention 
resources have an opportunity cost. So, to the extent that effective surveillance 
facilitates saving intervention resources, the benefits from reallocating unneeded 
intervention resources to alternative uses are attributable to surveillance [18].

 2. Losses avoided in animal production, and therefore resource productivity, as a 
result of interventions informed by surveillance helping to reduce animal mor-
bidity and mortality. Most easily understood in relation to farm livestock produc-
tion, reduced milk yields, higher abortions and calf mortality, premature death of 
adult animals and so higher herd replacement rates, are all examples of disease- 
induced physical output losses. So are the benefits people feel from avoided 
suffering or death of their companion animals, and avoided loss of transport and 
traction services provided by equine and bovine animals on which people rely, 
and so on. All such losses avoided represent economic benefits, sources of peo-
ple’s well-being which encompass products both tangible (e.g. goods, such as 
farm livestock products) and intangible (e.g. services, such as pet companion-
ship, traction and transport, recreation, assistance). Losses may be avoided either 
by taking preventive measures in anticipation of disease occurring (prophylaxis) 
or by cure, which prevents the further accumulation of losses additional to those 
already incurred into the future.

 3. In cases of zoonoses, human losses experienced as morbidity and mortality 
affecting people in their role as factors of production (diminished efficiency and 
availability for productive economic activity) and in itself (dissatisfaction with 
quality of life) should also be added [19], additional costs incurred by health 
services. Avoided fear of the potential impacts of zoonoses on people, of which 
bovine spongiform encephalopathy is a classic example, is also a benefit.

 4. Avoided negative externalities, the wider societal value losses incurred because 
of disease, for example, national or international trade disruption because of 
movement constraints placed on animals and related goods to limit or prevent 
infectious disease spread, reduced tourism, and associated loss of net incomes.

Category 2 is central to explanation of how surveillance contributes to economic 
benefits in general, and so the following section sets out the detailed analytical 

K. Howe



105

framework in relation to loss avoidance in animal production. Categories 3 and 4 are 
essentially extensions of that framework, for reasons explained.

5.8  Relationship Between Surveillance, Intervention, 
and Disease Mitigation4

Surveillance and intervention are conceptually distinct and contribute together to 
mitigate the adverse effects of animal disease. To recall, a reduced quantity (and/or 
quality) of animal products people want is a disbenefit because people are denied 
the possibility of consuming as much as would be available to them in the absence 
of disease. It follows that only when surveillance and intervention are considered 
simultaneously is it possible to consider the value of disease mitigation, the avoid-
ance of benefit losses that would occur in its absence. In other words, the value of 
surveillance can only be meaningfully interpreted taking intervention into account.

In principle, the focus may be on value to livestock farmers, pet owners, the 
thoroughbred racehorse industry, or any other group in society to whom animals 
matter. However, society as a whole is commonly the unit of most concern, not least 
because the ultimate purpose of economic analysis is to illuminate the implications 
for people’s well-being of choices made in resource allocation that affect us all.

Nevertheless, it simplifies explanation to confine definition of benefits to the fol-
lowing avoided losses: raw material animal products intended for human food con-
sumption, for example, litres of milk, kilogrammes of beef, pig meat, or sheep meat, 
poultry meat, and eggs; lost companionship from pets and people’s concern for 
animals’ welfare, also representing benefit losses to the people affected, whether to 
owners or anyone who cares about the well-being of animals; and reduced avail-
ability of animals as means of transport or traction. Collectively, these avoided 
losses of goods and services provided by animals are summarised as variable A.

By definition, zoonotic disease, Z, affects people’s own health, while epidemics 
such as of foot and mouth disease cause still wider ‘negative externalities’, E, the 
full range of costs that are indirect spin-off effects of animal disease into other 
spheres of the economy. Disruption to everyday life occasioned by movement 
restrictions on both animals and people, including loss of tourism, are prime exam-
ples. These pose different kinds of measurement problems beyond the scope of the 
present discussion, but do not invalidate the essential principles. So, remembering 
that total economic losses, L, caused by animal disease are L  =  A  +  Z  +  E, the 
magnitude of each variable contribution depending on the precise circumstances 
and disease, here attention is confined to

 
A f S I� � �,  (5.1)

4 This section is based on Howe et al. [20] ‘Economic principles for resource allocation decisions 
at national level to  mitigate the  effects of  disease in  farm animal populations’. Epidemiology 
and Infection, 2013; 141 (1): 91–101, http://journals.cambridge.org/repo_A856SFJs
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where A = animal product losses avoided, S = surveillance resources, and I = inter-
vention resources.

Also as before in relation to surveillance resources, we reasonably hypothesise 
diminishing returns to variable intervention resources that also contribute to disease 
mitigation. Plotting the three-variable relationship in eq. (1) gives Fig. 5.3, a styl-
ised hypothetical example of a disease mitigation surface for epidemic disease. 
Particular features of the surface are as follows.

Along axis OH, allocating more resources to intervention with no surveillance at 
all nevertheless enables production losses to be avoided. But if any given level of I 
is supplemented by surveillance (all curves in the direction OJ), more losses are 
avoided. The interpretation along axis OJ, increasing surveillance with no interven-
tion, is less straightforward.

With respect to surveillance resources, the relevant lower boundary of the pro-
duction surface is OK, a curvilinear relationship on the horizontal plane tracing out 
the path of increasing avoided production losses vertically above, OL, for the lowest 
feasible levels of intervention consistent with any loss avoidance. In other words, 
however small scale in practice, there must be some provision made for intervention 
for surveillance to have any practical purpose at all. Also along curve OL, interven-
tion resources are shown as limiting the ability of more surveillance to reduce losses 
above the level corresponding to point L′, where curve OL flattens, indicating that 
thereafter the marginal product of surveillance resources, dA/dS is zero. In simple 
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Fig. 5.3 Hypothetical epidemic disease mitigation surface, diminishing returns to S and I
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terms, the scale of all resources devoted to disease mitigation is too small to have a 
significant beneficial effect.

At the opposite extreme, a feature of the mitigation surface is flattening towards 
its apex, indicating the assumed impossibility of eliminating all production losses. 
At high levels of resource use both surveillance and intervention have zero marginal 
products (i.e. dA/dS = dA/dL = 0, no more losses avoided). In some cases eradication 
of a disease is feasible, and so with no possibility of future losses the unavoidable 
losses are zero.

5.8.1  Iso-Mitigation Maps and Technical Relationships Between 
Surveillance and Intervention

Figure 5.3 also shows three out of a theoretically infinite number of contour lines 
that can be drawn around the mitigation surface. Translated to the horizontal plane, 
the contour lines become an iso-mitigation map plotting variable combinations of S 
and I that give rise to different fixed levels of A. Their particular characteristics in 
the case of a given disease or class of diseases depend exclusively on the technical 
relationship between S, I, and A. Thus a starting point for analysing the role of sur-
veillance in loss mitigation is to establish the precise characteristics of that technical 
relationship, and then to examine the economic implications of what is found.

To generalise, it is instructive to begin by describing the technical relationship 
between S and I in terms of a single parameter, the Hicks elasticity of substitution, 
σ, a measure of the ease with which surveillance and intervention resources can be 
substituted for one other.

Mathematically,

 
� � � �� ��� �� � � � ��� ��d d d d d dS I S I S I S I/ / / /  

In words, σ is the proportional change in the ratio of S to I resource use relative to 
the proportional change in rate of technical substitution of I, intervention resources, 
for S, surveillance resources.5

Constructed independently of Fig. 5.3, Fig. 5.4 shows the implications for the 
shape of iso-mitigation curves, and hence substitutability between S and I, of three 
values for σ; the limits infinity and zero, and unity. The values for σ are shown for 
increasing magnitudes of A and incorporate a curve for A2, where σ = 1 which more 
closely approximates to the implications of a mitigation surface such as Fig. 5.3.

5 This is more complex than the more usual definitions of elasticities in economics, having the use-
ful property of expressing substitution possibilities as a single value. Also, dS/dI strictly defined in 
mathematics measures the variable effect on S for a unit increase in I, whereas in the present con-
text its inverse, dI/dS, that is, how many intervention resources can be saved by a unit increase in 
surveillance resources, intuitively may seem of greater interest. The mathematical refinement 
makes no substantive difference to the arguments.

5 The Economics of Surveillance



108

5.8.2  Budget Constraints and Monetary Costs of Loss Avoidance

Reference to the Hicks elasticity of substitution, σ, has the important function of 
reminding anyone concerned with the evaluation of surveillance in particular, or 
disease mitigation in general, that constantly the initial focus must be on assessing 
the technical characteristics of surveillance and intervention with regard to scope 
for their substitution. Once that is established, the relative costs of their provision 
come into play.

Economic efficiency and technical efficiency are different. Economic efficiency 
requires identification of the combination of S and I that minimises the cost of 
achieving a given level of avoided losses, A, having taken into account their relative 
costs of provision. The reason is that in any real-world context there is normally a 
financial limit, a budget constraint, on the expenditures that can be made on real 
resources for surveillance and intervention.

Thus,

 B P S P IS I� �. .  (5.2)

where B = total budget available, PS = monetary outlay (price, or cost of provision) 
per unit of surveillance resources, S  =  quantity of surveillance real resources, 
PI = monetary outlay (price, or cost of provision) per unit of intervention resources, 
and I = quantity of intervention real resources.

The least-cost combination of S and I is found uniquely where PS·dS = PI·dI. Any 
other outcome costs more, inequality indicating that the cheaper of S and I should 
be substituted for the more expensive.

Initial relative costs of provision, PI /PS
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Rearranging terms,

 d dS I P PI S/ /=  (5.3)

where dS/dI = rate of technical substitution of I for S, and PI/PS = monetary cost of 
providing I relative to S.

Figure 5.4 illustrates the implications of different values of σ for least-cost miti-
gation for two ratios of the monetary cost of providing S relative to I. The total 
budget available to finance both surveillance and intervention resources increases 
with distance from the origin.

A straight line iso-mitigation contour such as A1 has the property that σ = ∞, 
making S and I perfect technical substitutes; a unit change in S, say, always has the 
same (i.e. constant) effect in terms of how much of I resources will substitute for no 
change in losses A. The consequence for resource allocation is that the cheaper of S 
and I per unit of their provision will account for all loss avoidance activities. But as 
already noted from Fig. 5.3, should the relative monetary costs favour surveillance 
S, there must be at least some provision for intervention, however small, because the 
immediate response to any disease incidence identified by surveillance must be to 
trigger activities aimed at inhibiting its progress. There is no point in conducting 
surveillance if there is no intention or possibility of intervening to do something 
about it, however limited the intervention resources employed.

For σ = 1, the less expensive resource substitutes for the relatively more expen-
sive, both S and I making a contribution to loss avoidance. In general, the greater the 
magnitude of σ the more sensitive is the least-cost solution for budget allocation 
between S and I for changes in their relative costs of provision. Each of the three 
iso-mitigation contours in Fig. 5.3 are drawn to be broadly in the vicinity of σ = 1 to 
draw attention to the real-world observation that both S and I typically contribute to 
loss avoidance. In practice, depending on the particular disease or class of diseases, 
∞ > σ > 0 is normally expected to be the case.

Where σ = 0, S and I must be used in fixed proportions; substitution is impossible 
irrespective of changes in their relative costs of provision, and S and I are described 
as perfect complements. In effect, they are to be treated as a single resource, say 
M. Arguably, disease mitigation policies in practice are typically designed as if 
σ = 0, if only because few discrete options for combining S and I are ever consid-
ered. Clearly, a comprehensive assessment of the options is likely to be demanding 
on research time and other resources. Not only is resource allocation between sur-
veillance and intervention subject to budget constraints, so is scope for financing 
research to ascertain the technical feasibility and economic efficiency of different 
approaches to loss avoidance. But relative to the value of the information acquired, 
the effort nevertheless may prove worthwhile.

5.8.2.1  The Overall Economic Optimum for Combining Surveillance 
and Intervention

Should there be no budget constraint on resources allocated or, more realistically, a 
case is to be made for investing funds in disease mitigation, the following optimis-
ing criteria apply.

5 The Economics of Surveillance
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First, treat S and I as an aggregate resource, M. Then dA/dM = PM/PA which, rear-
ranged, is

 
P A M PA Md d/� � �  (5.4)

That is, the value of the marginal product of all mitigation resources, M (aggre-
gate of surveillance and intervention resources) in terms of losses avoided equals 
the cost per additional unit of mitigation resources provided. Should the left-hand 
side exceed the right-hand side, total net benefits from mitigation can be increased 
by using more resources; if the converse, reduce mitigation resources to increase net 
benefits.

But since M comprises S and I,

 
d d d dA M A S S A I I/ / /� � �� � � � �� �  (5.5)

In words, the overall marginal effect of adding units of mitigation resources can 
be decomposed into two parts, the addition to avoided losses contributed by a unit 
increase in surveillance resources and the addition to avoided losses contributed by 
a unit increase in intervention resources.

Following the logic of (5.4), we require that

 
P A S P P A I PA S A I� �� � � � �� � �/ /and  

are solved simultaneously for S, I, and A. The result amounts to the consequence of 
searching across an iso-mitigation map until the level of A is reached at which both 
S and I are in least-cost combination and the total monetary value of losses avoided 
(total benefits) minus the monetary cost of surveillance and intervention (total costs) 
is maximised. Point ‘x’ in Fig. 5.3 associated with S opt and I opt illustrates the idea.

5.9  Further Considerations in Economic Evaluation

The above discussion has outlined and elaborated standard production economics 
principles to the evaluation of animal disease surveillance. The single most impor-
tant conclusion is that to proceed beyond cost-effectiveness analysis, which pro-
vides information about the implications for monetary expenditure on resources 
aimed at achieving a technical objective, two conditions must be fulfilled. First, the 
benefits accruing to surveillance must be defined in economic, not technical, terms 
and measured in equivalent monetary units; second, recognition that benefits do not 
accrue exclusively to surveillance but also to interventions made in the light of sur-
veillance information. Thus any standard social cost–benefit approach to evaluation, 
should it be contemplated, must incorporate both surveillance and intervention 
resources, and address the challenging task of expressing the benefits of mitigating 
disease effects in monetary units.
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As previously explained, to keep the exposition simple the discussion largely 
overlooked the fact that in many cases of animal disease the benefits of total losses 
avoided, L, extend beyond variable A to L = A + Z + E, where Z is zoonotic and E is 
wider externality effects. Intuitively, if the A = f(S, I) evaluation indicates efficient 
resource allocation by showing that net benefits are increased by mitigation, society 
must be better off because both Z and E similarly will be reduced. Two caveats apply.

First, the evaluation framework outlined here implicitly assumes that all mea-
sured benefits are private, that is, they accrue directly only to livestock farmers, pet 
owners, or users of animals as other forms of personal resource; so secondly, no 
account is taken of any negative externalities, Z, associated with zoonotic disease on 
people’s health, the implications for demands on human health service resources, 
and the potential loss of productivity by workers to the detriment of gross domestic 
product. Therefore, Z negative externalities are indeed expected to fall. Evaluation 
needs recourse to human health economics, a distinct area of enquiry complemen-
tary to animal health in specific contexts. Foundation texts include McGuire et al. 
[21], McPake et al. [22], and Drummond et al. [23]. One Health has emerged (or 
perhaps re-emerged, [24]) as an integrating framework for all such dimensions.

Second, in cases of major public disruption caused by the steps taken to curtail 
epidemic disease such as foot-and-mouth, still more externalities must be taken into 
account. But these are not always wholly detrimental. For example, a farmer’s fail-
ure to report signs of foot-and-mouth disease in a north of England pig herd in 2001 
led to a national epidemic [25]. Its costs extended far beyond the farm sector. The 
National Audit Office [26] estimated that compensation and other payments to 
farmers (i.e. money transfers from taxpayers to farmers) were expected to total 
nearly £1.4 billion; direct costs of measures to deal with the epidemic, including the 
purchase of goods and services to eradicate the disease, were nearly £1.3 billion; 
other public sector costs were £0.3  billion. In the private sector, the areas most 
affected by the epidemic were agriculture, the food chain and supporting services, 
incurring net costs of £0.6 billion; tourism and supporting industries lost revenues 
of between £4.5 billion and £5.4 billion. However, the UK Treasury estimated that 
the net overall economic effect of the epidemic amounted to less than £2 billion, or 
just 0.2% of Gross Domestic Product (GDP), because many of the losses suffered 
by individuals and firms in agriculture and tourism led to equivalent amounts of 
money being spent in other sectors of the economy. The nature of economic activity 
is such that costs incurred by one sector may be offset to a greater or lesser extent 
by benefits to another.

Kompas et al. [27] developed a stochastic optimal control model consistent with 
the simplified framework outlined here which they applied to surveillance activities 
to guard against a potential entry of FMD in the United States. Having taken border 
quarantine expenditures as given, the optimal level of surveillance activity against a 
disease incursion and spread was estimated by minimising the present value of the 
major direct and indirect costs of the disease, as well as the costs of the surveillance 
and disease management and eradication programmes.
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5.10  New Directions for Surveillance Evaluation

This Chapter has concentrated on the microeconomic principles that underpin the 
practice and appraisal of surveillance evaluation. For economists, they are the core 
of a framework that should underpin quantitative evaluations. Equally, veterinary 
scientists engaged in surveillance policymaking or guiding evaluation undertaken 
by economists need to understand the broad principles outlined; for instance, they 
do not need to know how to estimate an elasticity of substitution, but understanding 
the principle and knowing why it matters is indispensable for making efficient 
resource allocation decisions.

Direct estimation of production functions from empirical data has a long history 
in economics, but presents two main challenges to analysts. First, the initial require-
ment is to identify and obtain quantitative estimates for resource and product data as 
inputs to econometric estimation of the equations. Attention has been drawn to 
problems arising, such as the fact that although market price data for farm livestock 
production frequently is available, indirect methods have to be used to estimate 
people’s willingness to pay for, say, animal companionship or welfare. Should pro-
duction function estimation be an option, Beattie et al. [6] usefully summarise the 
properties of different functional forms6; Heathfield and Wibe [28] and Chambers 
[29] are earlier foundation texts, while Hackman [30] is mathematically challenging 
and revives attempts made long ago to integrate engineering and economics [31, 
32]. In all cases, not least the present context, the foundation of all production func-
tion analysis is knowledge of technical relationships.

The widespread availability of computers and spreadsheets potentially has revo-
lutionised scope for analysing the implications of technical relationships between 
surveillance and intervention in mitigating disease effects. No longer is it necessary 
to experiment with different predetermined functional forms in parameter estima-
tion or necessarily have recourse to complex mathematics. In principle, identifying 
the technical resource requirements for different specifications of surveillance 
methods and related interventions, acquiring data and making monetary estimates 
for losses avoided, can all be brought together to simulate outcomes of different 
potential choices to be made.

As yet, the principle has not been translated into standard practice. If relation-
ships are expressed in condensed three-dimensional form consistent with Fig. 5.3, 
outcomes for different disease mitigation surfaces might well turn out to exhibit 
topographical variations and irregularities unconstrained by the smoothing effects 
of preselected mathematical models. Häsler’s practical tool designed initially for 
the Swiss Federal Veterinary Service (2011) and RISKSUR [34] with its EVA com-
ponent (2013), which both incorporate cost-effective and cost–benefit approaches, 
are steps in that direction (see Chap. 4) (https://survtools.org/) [33].

Finally, a novel dimension yet to be thoroughly explored is the concept and mea-
surement of social capital [35, 36]. People’s personal relationships, social network 
support, civic engagement and trust, and cooperative norms are all factors critical to 

6 Pages 71–81, including Tables 2.1 and 2.2.
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ensuring that the technical efficiency frontier (Fig.  5.1) and mitigation surface 
(Fig. 5.3) can be reached (see Part V—Methods to evaluate health information shar-
ing networks). Important questions are: is the underlying science of surveillance 
reliable and the outcome of research conducted with integrity; can experts and ani-
mal owners conducting surveillance be relied upon to report the truth; are the insti-
tutions responsible for surveillance, intervention, and decision-making efficiently 
structured to operate on the basis of trust and ease of cooperation; are data on mon-
etary values for resources and products (hence avoided losses) reliable? Gilbert 
et al. [37] is relevant in this context, as is Rich et al. [38], who consider system-wide 
effects throughout the livestock supply chain (see Part IV—Qualitative evaluation 
approaches) [39–42].

In conclusion, there remains ample scope to apply novel approaches to economic 
evaluation of animal disease surveillance, all founded on a sound theoretical basis 
that acknowledges its role in providing information for decisions about interven-
tions aimed at mitigating the detrimental effects of animal disease for people’s 
well-being.
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Abstract

A central aspect of economic evaluations of surveillance components or systems 
is to estimate the value of the information that is being generated by surveillance. 
Importantly, the value of information is determined by the user of the informa-
tion. This value is often realised through decisions on interventions that are 
implemented to manage disease in populations with the associated reduction of 
disease costs in human and animal populations including effects on the wider 
society. The economic efficiency of such processes can be measured within a 
single sector or across sectors (e.g. animal health surveillance creating benefits 
streams in human populations) applying standard economic evaluation tech-
niques. Depending on the context, people may have different demands and uses 
for information expressed in distinct information-seeking behaviour and willing-
ness to pay for information or knowledge. Hence, private and public stakeholders 
may attribute different values to surveillance depending on their decision needs. 
Moreover, cultural and socio-economic factors shape not only the value of sur-
veillance, but also people’s decisions around their livelihoods, income genera-
tion, prevention, and disease management strategies. Therefore it is important to 
understand behaviours, processes, motives, and justifications around health man-
agement and surveillance. A range of case studies are presented that describe 
wider benefits of surveillance and illustrate how non-monetary benefits can be 
assessed using stated preference elicitation methods, such as discrete choice 
experiment. Moreover, they demonstrate how understanding of local value sys-
tems and contexts allows appraising wider surveillance attributes that ultimately 
affect the performance and economic efficiency of surveillance.

Keywords

Health economics · Surveillance · Evaluation · Case studies

6.1  Introduction

6.1.1  Overview

This chapter starts with examples of economic efficiency1 studies conducted in sur-
veillance and then explores in more detail the challenge of capturing non-market 
values of surveillance using four case studies. Each case study is self-contained and 
includes a description of the context, rationale, and research question; an explana-
tion of the methods used; a summary of the key findings; and a short discussion.

1 Economic efficiency is interested in using resources in a way that maximises a defined objective 
relevant to the economic unit under consideration, such as farm, sector, or national level. For 
example, if national welfare is to be maximised, economic efficiency aims at combining resources 
in a way to achieve this objective.
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6.1.2  Examples of Economic Efficiency Studies

The theoretical framework outlined in Chapter 5 provides the foundation for the 
economic evaluation of surveillance. Several published studies provide evidence of 
its validity. These studies assess the economic efficiency of surveillance with differ-
ent methodologies taking into account the relationship of surveillance with inter-
vention and mitigation.

Three levels of criteria for economic efficiency can be described: (1) the lead-
ing criterion is optimisation, which defines how the net benefit accruing to society 
from allocating scarce resources to disease mitigation is maximised; (2) the 
acceptability criterion concerns whether the benefits stemming from a mitigation 
policy at least cover its costs, thus making a strategy justifiable from an economic 
point of view; and (3) the cost-minimisation criterion applies when achieving a 
technical target for mitigation without quantification of the benefit is the policy 
objective [1].

In studies striving for optimal economic efficiency, the net benefit is maxi-
mised or, in other words, resources for surveillance are used in an optimal com-
bination that balances the losses caused by the disease and the expenditures 
needed for its mitigation [2]. This approach was, for example, used by Kompas 
et al. [3], who identified the optimal level of surveillance activity against a dis-
ease incursion and spread by minimising the present value of the major direct 
and indirect costs of the disease, as well as the costs of the surveillance and dis-
ease management and eradication programmes. A similar approach was chosen 
by Guo et al. [4], who kept the intervention fixed (based on the assumption that 
the intervention and its implementation would be perfect) and used combined 
simulation and multi-criteria decision models to identify technically and eco-
nomically efficient surveillance set-ups. However, optimisation approaches for 
surveillance evaluation are still scarce; more often found are cost–benefit, and 
cost-effectiveness analyses [5].

In cost–benefit analysis, the economic acceptability is assessed by estimating 
whether the benefits outweigh the costs of a new strategy or policy compared to 
the status quo (i.e. the baseline). All surveillance and intervention resources and 
all benefits of mitigating disease effects must be expressed in monetary units 
(see Howe, Chap. 5). These costs and benefits of surveillance and intervention, 
direct and indirect, including market and nonmarket values, are then compared 
in order to find out if a strategy generates a positive net value (i.e. whether the 
benefits are larger than the costs). Because the impact of surveillance cannot be 
measured directly as a mitigation outcome, it is only possible to quantify the 
loss avoidance resulting from the combination of surveillance and intervention, 
and to compare it to the expenditure for surveillance and intervention. An illus-
tration of this concept can be found, for example, in Häsler et al. [6], where the 
elimination programme for bovine virus diarrhoea in Switzerland is used to 
estimate a residual margin over the intervention cost, which constitutes the max-
imum additional expenditure potentially available for surveillance without the 
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net overall benefit from mitigation becoming zero. This margin can then be 
compared to the expenditures of various surveillance options. Other cost–ben-
efit analyses of surveillance have, for example, used combined economic–epide-
miological simulation models to estimate the positive and negative monetary 
effects of distinct combinations of surveillance and intervention actions. An 
application of this concept with explicit costing of zoonotic effects in the human 
population was presented by Babo Martins [7] for the case of West-Nile virus in 
Italy where the benefits of the programme were calculated as the avoided costs 
of hospitalisation and avoided compensation for transfusion- associated disease 
of human cases. Another example is Tambi et al [8], who used combined epide-
miological and economic modelling of rinderpest in Ethiopia to compare the 
likely costs and benefits of an epidemio-surveillance system with those of other 
options (including no intervention) in an ex ante (i.e. prospective) analysis. The 
epidemiological part focused on a state-transition SEIR (‘susceptible’, 
‘exposed’, ‘infectious’, ‘recovered’) disease transmission model. The economic 
part was a social cost–benefit analysis model that focused on welfare changes to 
consumers and producers in an economic surplus analysis assuming productiv-
ity gains related to disease eradication. In studies focusing on cost-effective-
ness, the aim is also to assess economic acceptability by comparing the costs of 
surveillance resources with performance (effectiveness) targets, which may be 
considered a proxy for an outcome of benefit (e.g. timeliness or sensitivity). 
However, a cost- effectiveness analysis can inform resource allocation meaning-
fully only if its effectiveness measure has an interpretable value [5]. For exam-
ple, it should be known what the economic value is (expressed in monetary 
terms) of a higher probability of disease detection to be able to make a decision 
on expenditures for surveillance. It is not uncommon for cost-effectiveness 
studies of surveillance to report the costs of surveillance options in comparison 
to performance targets and report, for example, results such as the ‘costs per 
percentage increase in probability of detection’ or the ‘costs per day of earlier 
detection’ without providing an estimate of the economic value of these out-
comes. In these cases, it is left to the decision-makers to interpret the effective-
ness measure and consider its (economic) consequences or in other words to 
address the question whether the investment needed for the change in effective-
ness is economically worthwhile (i.e. is it worth it?).

When a specified surveillance target (and its value) is accepted as a given, often 
a least-cost analysis is used to identify the cheapest option among different possible 
options that produce the same outcome. In this type of analysis, the financial cost of 
the option is the dominant determining factor; the outcome or value of the outcome 
is fixed. This is, for example, the case for surveillance where the design including 
species, sample type, and sampling frequency is stipulated by national or interna-
tional legislation. In these cases, the surveillance planner does not have flexibility 
with the design, but can only think about ways of implementing the required plan in 
the cheapest way possible.
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6.1.3  The Challenge of Capturing Non-Market Values

It is widely acknowledged that surveillance produces values that go beyond tangible 
loss avoidance in animal and human populations or wider tangible effects on soci-
ety, such as loss of tourism in the case of a disease outbreak (see Text Box Chap. 5). 
These zoonotic and wider externality effects are included in the extended loss func-
tion L = A + Z + E (see Howe, Chap. 5).

There are dimensions to the value of surveillance that so far have been explored 
only marginally. Surveillance has been described to generate intellectual and social 
capital, technical reassurance and feelings of safety, capacity, contentment, and 
‘peace of mind’ [5, 7]. As mentioned above ‘People’s personal relationships, social 
network support, civic engagement and trust, and co-operative norms, are all factors 
critical to ensuring the technical efficiency frontier and disease mitigation surface 
can be reached’. In other words, the information generated by surveillance can be 
heavily influenced by the context within which it occurs and the private actors in the 
system who make decisions on surveillance activities (e.g. disease reporting) and 
the use of the surveillance information for disease prevention practices and produc-
tion strategies. For example, Figuié et al [10] documented informal animal health 
surveillance networks in Thailand and Vietnam that operate outside conventional 
surveillance systems as collective action groups that are united by shared values and 
interests. Depending on the context, the need for public authority-driven surveil-
lance may be an abstract notion to the private actor with limited usefulness and 
consequently variable compliance. Moreover, there are costs and benefits that are 
not immediately obvious and consequently difficult to capture (e.g. the social and 
cultural importance attributed to cockfighting, see below).

Over the past years, progress has been made to identify and measure non-market val-
ues of surveillance using either surveys or qualitative approaches (see Part IV – Qualitative 

Box 6.1 Economic Analysis (SurvTools— Peyre et al. [9]—https://survtools.org/)
Economic analysis of surveillance components or systems is an aid to 
decision- making as it informs the allocation of resources to surveillance. It 
shows the consequences of resource use for different surveillance options and 
helps to identify which of these is to be preferred from an economic point of 
view. A unifying underlying principle is to provide a measure of the relative 
value attached to competing alternative strategies and thereby make judge-
ments on the economic efficiency. Various economic analysis methods are 
available with corresponding criteria for decision-making (e.g. least-cost 
analysis; cost-effectiveness; cost–benefit). They all depend on valuation of the 
inputs and consequences or effects, both of monetary and non-monetary 
nature. A breadth of valuation techniques exist; some of them are illustrated 
in this chapter.
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Evaluation Approaches). Babo Martins [7] used qualitative interviews with animal 
and public health policymakers, advisors, and scientists involved in policy design 
and implementation of zoonoses surveillance to explore the benefits of One Health 
surveillance. Examples in animal health include choice experiments in the UK to 
assess the UK farmers’ willingness to pay for bovine tuberculosis vaccines [11], 
consumers’ willingness to pay for different Salmonella infection control methods in 
pork [12], farmers’ willingness to pay for sanitary information at different geo-
graphical levels in Corsica [13], and farmers’ willingness to report swine diseases 
in Vietnam [14]. In this chapter, the use of qualitative research methods and stated 
preference methods is presented to illustrate the potential of their use in surveillance 
and capture wider perceived benefits that, on the one hand, provide important infor-
mation for decisions on investments into surveillance and, on the other hand, allow 
gaining insights into perceptions that influence the behaviour of private actors and 
consequently the success or failure of mitigation programmes.

6.2  Case Study 1: Evaluation of Costs and Benefits 
of Passive Surveillance Through Qualitative Surveys: 
Results of Surveys Conducted in Vietnam and Thailand

6.2.1  Introduction

Surveillance systems are implemented to produce epidemiological information 
aimed at informing the planning and implementation of appropriate disease control 
measures [15]. In the case of passive surveillance, the supply of epidemiological 
information to government stakeholders is under the control of primary information 
holders, that is, livestock producers or other actors of animal production systems. It 
makes the economic evaluation of passive surveillance systems particularly compli-
cated as the expected upward flow of epidemiological information is the result of 
decentralised choices operated by private actors.

Evaluators of passive surveillance need to identify the costs and benefits per-
ceived by primary information holders as they can substantially depart from societal 
costs and benefits considered by government planners. Surveys implemented to col-
lect such data are faced with three major issues. First, compliance of private actors 
to government rules is, by nature, a sensitive issue involving a moral judgement 
(reporting disease suspicions might be perceived as the right attitude from the soci-
ety’s standpoint) and, as such, questions on disease reporting are vulnerable to obse-
quiousness bias: interviewees are likely to tell the answer which they feel is expected 
by the interviewer rather than the truth. Second, passive surveillance can be an 
abstract notion that does not necessarily make sense as a whole to the viewpoint of 
private actors: they may be aware of the legal obligation of reporting some specific 
health events to authorities, but they might not perceive the purpose of the surveil-
lance system and its practical effects (better knowledge of the epidemiological situ-
ation of the disease and more efficient implementation of control measures). Finally, 
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perceived costs and benefits are potentially diverse and complex and may vary 
according to the socio-economic context and the livestock production systems. 
Standardised data collection (e.g. through questionnaire surveys) are difficult to 
implement without preliminary knowledge of the nature costs and benefits 
under study.

In consequence, perceived costs and benefits are best addressed through 
qualitative surveys based on semi-structured interview techniques [16]. 
Investigators use a checklist of themes to address during interviews but they 
conduct it like a discussion, using open questions and letting participants talk as 
much as possible about their opinions, perceptions, and daily practices related 
to livestock diseases and sanitary information management (see Part IV—
Qualitative Evaluation Approaches). Interviewers can use probing questions or 
interactive tools to encourage participants to think deeper on some aspects of 
the discussion. They also can use interactive tools like ranking, proportional 
piling, or matrix scoring to build lists of items (e.g. disease names, list of actors 
with whom information is exchanged) and rank them according to specific cri-
teria [16]. If necessary, interviews may need to be repeated in order to enhance 
progressively the confidence of participants. Primary information holders are 
livestock farmers, but other types of information holders (e.g. slaughterers, feed 
sellers) can be identified during surveys. Therefore, an adapted snowball sam-
pling method is most appropriate [17].

The interest of these methods is illustrated by a case study on the passive surveil-
lance of Highly Pathogenic Avian Influenza (HPAI) Surveillance in Vietnam [18] 
and Thailand [19]. Vietnam and Thailand have very different poultry production 
industries. Poultry products in Thailand are mostly supplied by a limited number of 
integrated settings of high biosecurity standards managed by private agro-industrial 
companies [20]. Nevertheless, backyard chicken farming, specialised in native 
chicken breeds, is still widely practised by rural households for home consumption 
of chickens, sale of chicken meat, and cockfighting. The survey focused on these 
backyard native chicken farmers. In Vietnam, on the other hand, most poultry are 
produced in backyard or small-scale commercial farms with limited investments in 
biosecurity. The survey focused on households keeping backyard poultry as well as 
commercial poultry farms of varying size (from 100 to 10,000 birds per produc-
tion cycle).

6.2.2  Materials and Methods

The data collection method is explained in details in [18, 19]; a summary is pro-
vided here.

Study areas were subdistricts of Hải Dương (HD) province (North Vietnam), 
Đồng Nai (DN) and Long An (LA) province (South Vietnam), and Sukhothai (SK) 
province (North Thailand).
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6.2.2.1  Participatory Approaches and Snowball Sampling Method
The sampling strategy followed a snowball sampling pattern. First, several group 
interviews of poultry farmers were performed in each study area. Participants were 
contacted with the help of local authorities. Five to twenty poultry farmers were 
interviewed at once. Each group interview gathered farmers from the same produc-
tion system and production scale, and one or several group interviews were con-
ducted for each production system. Poultry farmers who displayed willingness to 
participate in the study were then asked for individual interviews. The number of 
these individual interviews was determined by adapting the concept of saturation to 
the objective of the study [21]: saturation was considered to be reached when 10 
additional interviews did not provide any new information on costs and benefits 
compared with all previous interviews. During this first phase of interviews, other 
categories of actors were identified as being targets of information exchanges on 
HPAI suspicions. Individuals belonging to those additional categories of actors and 
in contact with individuals from the initial sampling frame were then asked to par-
ticipate in the study. Those who accepted were interviewed individually. Additionally, 
group and individual interviews of government veterinarians were conducted.

Topics of focus group interviews were as follows:

 i. Actors involved in the poultry value chains (sources of funding and credit, sup-
pliers of feed, breeds and medicines, buyers of farm products) were listed.

 ii. Relative importance of general problems affecting poultry farmers and origins 
of these problems were assessed using simple ranking.

 iii. Names used locally for poultry diseases occurring in the area were scored 
according to their impact on income, rates of mortality and duration using pro-
portional piling (PP) [16]. Reported names of diseases characterised by both 
high mortality rate (>50% in one poultry flock) and short duration (<5 days in 
one flock) were used to define HPAI suspicions which were referred to in sub-
sequent interviews.

 iv. Farmers were then asked which actions were taken when facing a disease suspi-
cion, and these actions were scored according to their relative likelihood using PP.

Individually interviewed poultry farmers, government veterinarians, and other 
actors identified by snowball sampling were asked more in-depth and sensitive 
questions using qualitative semi-structured interviews.

 i. They were asked to provide information on the different ways of managing 
disease suspicion cases when it appeared in poultry farms.

 ii. They were asked about the positive and negative consequences of reporting a 
disease suspicion to authorities.

 iii. Impact flow charts were used to identify the negative and positive consequences 
of disease suspicion reporting for different types of actors. Participants first 
identified the list of actors impacted by disease suspicion reporting. Then, they 
assigned different signs and colours to each type of actors to indicate whether 
the effect was positive or negative.
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6.2.2.2  Analysis of Qualitative Data
Qualitative data were analysed using thematic analysis [22]. Meaning units, that is, 
information or judgements expressed in interviews, were attributed specific codes. 
Codes were then grouped into subthemes and themes. Identified themes corre-
sponded to specific factors influencing the perception of the HPAI passive surveil-
lance system by participants, either positively or negatively. Each subtheme and 
theme was linked to the number of interviews it was extracted from. Moreover, to 
be considered as relevant, themes and subthemes that concerned several categories 
of actors had to be mentioned by participants from all the concerned categories. All 
statistical analyses were made using R.2.15.3 software [23]. Degree of agreement 
between interviewees and groups of interviewees’ rankings and scores obtained by 
PP was assessed by non-parametric Kendall test of concordance [24], using the 
kendall.global function of the vegan package [25]. Statistical significance of the 
Kendall coefficient was shown by permutation test.

6.2.3  Results

6.2.3.1  Choices Operated by the Different Stakeholders Facing 
HPAI Suspicion

Among names of poultry diseases mentioned in focus group interviews with farm-
ers, several ones matched the HPAI suspicion definition (i.e. caused more than 50% 
mortality in poultry flocks in less than 5 days), including Newcastle Disease, fowl 
cholera, Gumboro disease, and duck plague. In the Thailand study area, Newcastle 
Disease, ‘Diarrhoea’ (interpreted as ‘Fowl cholera’), and ‘Plague’ (a general word 
used to qualify a rapid and massive mortality) also matched this definition.

Scores of the different options considered by poultry farmers in response to 
HPAI suspicion according to their likelihood differed between focus groups and, 
above all, between study areas. There was a higher agreement (measured through 
Kendall test of concordance) between groups of interviewees of similar study areas 
than between groups of similar farming scales. In the Vietnam study areas the main 
mentioned options were asking support from a private actor (feed seller, veterinary 
shop, and feed company), rapid sale of the poultry, warning of other farmers, and 
self-reliance (Fig. 6.1). Reporting of the event to veterinary authorities was never 
mentioned. In the Thailand study area, the main priority of farmers was to warn 
other poultry farmers of the disease occurrence, mainly cockfighting practitioners, 
but reporting to veterinary authorities and village heads was considered as an option 
in some group discussions.

6.2.3.2  Perceived Cost and Benefits of Sharing Health Information
In the Vietnam study areas, six themes related to perceived costs and benefits of 
HPAI passive surveillance were identified from individual interviews.

Theme 1. Benefits associated with government intervention in disease manage-
ment: Clearance of the poultry farms from the disease, avoidance of disease spread 
to other farms, avoidance of environmental pollution (due to the release of dead 
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birds in the rice fields, water ponds, and rivers), protection of public health, and 
financial indemnities given in compensation of the destruction of affected poul-
try flocks.

Theme 2. Benefits from the reception of information on HPAI suspicions: Farmers 
used such information to adapt their prevention measures (biosecurity, vaccination) 
and anticipate variation in poultry market prices.

Theme 3. Uncertainty about the outcome of HPAI suspicion reporting: From 
private actors’ viewpoint, veterinary authorities were, in most cases, taking no 
action in response to HPAI suspicions reports and, for this reason, were not trusted 
as source of help in disease management.

Theme 4. Transaction costs related to HPAI suspicion reports: Farmers reported 
long waiting times before obtaining support from authorities, including financial 
indemnities, while they were faced with short delays to refund their credit on feed 
purchase to feed sellers. Administrative procedures and fees were also reported.

Theme 5. Limits of local authorities’ resources: The local government veterinary 
staffs reported having limited financial and technical resources available to control 
the disease in case of HPAI confirmation, which limited their willingness to notify 
the suspicion to the higher administrative level.
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Fig. 6.1 Choices operated by poultry farmers and government veterinarians interviewed in 
Vietnam when facing avian influenza suspicion (grey arrow: commercial linkage; black arrow: 
decision). [18]
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Theme 6. Anticipation of market impacts: Poultry sale prices were anticipated to 
successively drop and increase following poultry disease outbreaks notifications 
and, therefore, HPAI surveillance was perceived as a factor of market instability. 
The price drop was due to early sale of poultry by farmers afraid of the disease, 
reluctance of consumers to purchase poultry, implemented movement restriction, 
and advantage of poultry traders in price negotiation (Fig. 6.2).

In the Thailand study area, six themes were identified:
Theme 1. Benefits associated with government intervention in disease manage-

ment: Veterinary services provided veterinary products for free to farmers in 
response to a report of HPAI suspicion, even if HPAI was not confirmed, and finan-
cial indemnities were given in compensation of the destruction of affected poul-
try flocks.

Theme 2. Financial losses associated with the culling of cocks used for cock-
fighting: The value of these cocks specially trained for cockfighting competitions 
was reportedly much higher than the market price of standard birds sold for meat 
and financial compensations provided by veterinary authorities.

Theme 3. Loss of selected breeds of cocks aimed at fighting due to mass culling 
in affected farms.

Theme 4. The emotional link between farmers and their cocks that was disrupted 
by the mass culling policy.

VETERINARY

AUTHORITIES

TRADE

RESTRICTION

ADVANTAGE IN

NEGOCIATION

DECREASED

DEMAND

Decreased

demand

Decreased

demand

Delayed debts

payment and

decreased demand INCREASED

SUPPLY

POULTRY

TRADERS/

SLAUGHTERERS

POULTRY

PRODUCERS

AGRO-

INDUSTRY

HATCHERIES

INFORMATION

RELEASE

FEED

SELLERS

CONSUMERSMEDIA

FALL OF

POULTRY

PRICES

ECONOMIC

LOSSES

Fig. 6.2 Market effects of the release of information on avian influenza suspicions perceived by 
survey participants in Vietnam. [18]
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Theme 5. The perceived moral fault of culling healthy animals out of purpose of 
consumption.

Theme 6. The fear of causing a conflict with cockfighting practitioners by report-
ing HPAI suspicions.

6.2.4  Discussion

Benefits and costs of passive HPAI surveillance identified in Vietnam were 
strongly linked with the commercial nature of the poultry farming activity prac-
tised in the study areas. Large-scale as well as small-scale farmers were mostly 
concerned by the financial income generated from poultry flocks. Risk aversion, 
time preference, lack of trust in veterinary services, and compensation policy 
were key components of their decision-making process. Although the level of 
compensation might be close to the poultry market price, rapid sale of affected 
flocks was still perceived as a quicker and safer alternative to reduce income 
losses. Besides, the potential impact of the spread of disease information on the 
poultry market also was a major concern for farmers as well as veterinary gov-
ernment staff. Such market disturbances have been well characterised and quan-
tified for avian influenza in several countries by multi-market or even computable 
general equilibrium models [26]. These impacts are complex and entail many 
distributional effects, besides the overall loss for society. Some examples may 
be extracted from the present study. First, consumers may transfer their demand 
for meat from poultry to swine products, the latter sector then generating more 
profit. Second, from their use of health information, traders also generate more 
profit during epizootics at the expense of poultry producers. Third, some poultry 
farmers adopt alternative strategies such as timing the sale of their flocks in the 
period of high deficit of poultry supply that just follows the epizootics to gener-
ate higher profits.

In the Thailand study area, poultry farming was mainly practised for the purpose 
of cockfighting. The social, cultural, and political importance of this activity [27] 
and the perceived brutality of the mass culling policy implemented in the past by the 
government of Thailand in response to HPAI outbreaks were a major explanation to 
the defiance of native breed chicken farmers towards the passive surveillance sys-
tem. Even actors not involved in cockfighting activities were reluctant to report 
HPAI suspicions out of fear of causing conflicts with cockfighting practitioners. 
However, no possibility of sale of sick poultry was mentioned, contrary to Vietnam. 

The study illustrates how the perception of passive surveillance by its local 
stakeholders is affected by the socio-economic context in which it operates 
and, in particular, the type of livestock farming systems it targets. This is 
demonstrated by the qualitative differences between observation made in 
Vietnam and Thailand.
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Native chickens sold for consumption were considered as quality products, and buy-
ers were reported to check the health status of birds before purchase.

Private actors of the poultry production expressed a need for early information 
on occurrences of poultry diseases. A major part of the Vietnamese poultry produc-
tion is concentrated in small-scale farming systems and most farmers cannot afford 
constant investments in biosecurity and prevention measures. Information on dis-
ease occurrences is especially useful for such farmers who can adapt their choices 
(preventive measures or early sale of animals) according to the obtained informa-
tion on disease threats.

6.2.5  Implication in Terms of Disease Management Policy

The effectiveness of passive surveillance systems depends on the decentralised 
decision-making of actors of livestock value chains who are the primary holders of 
animal health information. In consequence disease management policies need to be 
adapted to the specific needs and constraints of the private and local actors they rely 
upon. This study identifies some ways for improvement such as reducing the admin-
istrative burden associated with disease reporting and tailoring disease management 
intervention to answer farmers’ needs. For instance, it appears that farmers would 
greatly benefit from a rapid support in cleaning and disinfection of farms upon 
reporting suspicions and without waiting for HPAI confirmation. In general, co- 
construction of surveillance and disease control strategies with local actors and end- 
users of health information should be an objective of surveillance systems 
development programmes, through the use of participatory approaches or specific 
methods like companion modelling (see Part IV).

The results highlight the link between implemented disease control mea-
sures and effectiveness of passive surveillance. Control actions, being antici-
pated by actors, influence their decision-making. Farm disinfection, 
management of dead birds, and supply of veterinary products appear in the 
same way as compensation scheme as an incentive element of the control 
policy resulting from reporting.

Finally, it is notable that some of the perceived costs and benefits of the 
HPAI surveillance system do not have a market value, such as the social and 
cultural importance attributed to cockfighting, ethical concerns associated 
with mass culling, or the effect of price drop on other poultry farmers. But the 
effects of those costs and benefits on the decision- making to report or not a 
health event should be taken into consideration when defining disease man-
agement policies
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6.3  Case Study 2: The Economic Value of One Health 
Surveillance—An Assessment of the One Health 
Approach to Campylobacter Surveillance in Switzerland

6.3.1  Introduction

In Switzerland, and in response to the observed increasing trend in human campy-
lobacteriosis cases, the animal and the human health authorities enhanced collab-
orative disease surveillance and intervention efforts for Campylobacter with the 
intention of improving the disease management. For this, the Campylobacter plat-
form, a stakeholder group composed by the poultry industry, researchers, and public 
health and animal health national and cantonal authorities, was formed [28]. A regu-
lar surveillance system in broiler chicken was also implemented.

The Campylobacter platform and the increased surveillance efforts constituted a 
shift from the previously instituted system, which was essentially based on the mon-
itoring of human cases. In such One Health approach to surveillance [29, 30] it is of 
interest to explore whether overall resources are used more efficiently by collabora-
tive or integrated approaches to surveillance than by a surveillance system with 
disconnected, sector-specific components. Using a previously developed framework 
to guide the assessment [31], this study investigated how surveillance activities 
across the two sectors linked to public health and animal health decision-making 
and triggered activities and interventions, and explored costs and benefits of the two 
approaches to surveillance and disease mitigation. More details on the study can be 
found in Babo Martins et al. [32].

6.3.2  Methods

The data collection method is explained in details in Babo Martins et al. [32]; a 
summary is provided in the following paragraphs.

Figure 6.3 summarises the conceptual framework of the links between surveil-
lance of zoonoses in the animal population, the wider public health disease mitiga-
tion system, and benefit components associated, used as a basis for this study.

In this study, the One Health approach to Campylobacter mitigation was consid-
ered as the system in place since 2009 and up to 2013, where information generated 
by surveillance efforts in the poultry population and in the human population was 
integrated in the Campylobacter platform.

The steps proposed in the above-mentioned framework were as follows: an ini-
tial conceptualisation of the links between surveillance and triggered interventions, 
the identification of costs and benefits, and a final step of valuation of costs and of 
potential benefits. Based on discussion with experts involved in the activities and 
literature review [28], information on the type of surveillance activities, integration 
mechanisms and activities, and interventions prompted by the information gener-
ated in both the animal and the human health sectors was identified. A cost estima-
tion model was developed and populated with data provided by the Swiss Federal 
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Food Safety and Veterinary Office (FVO) and Federal Office of Public Health 
(FOPH). The cost model included all relevant labour costs and expenses accrued by 
surveillance activities, running costs of the Campylobacter platform, and costs of 
interventions and activities triggered by surveillance information across both sec-
tors in the timeline of the analysis. From the benefit streams identified, potential 
changes in the impact of disease in the human population were explored by calculat-
ing disability-adjusted life-years (DALYs) [33] for 2008 and 2013, building upon 
the stochastic model used in Denmark for the estimation of the burden of foodborne 
disease [34].

6.3.3  Results

In the One Health approach, the information generated by surveillance in the animal 
population and by human cases monitoring shared in the Campylobacter platform 
triggered activities concerning biosecurity messaging in poultry farms and public 
health messaging on hygienic measures for chicken meat handling and prevention 
of cross-contamination. Integration of surveillance information was also used to 
perform cross-sectorial risk assessments and identify gaps in the knowledge base 
for Campylobacter infection in the country and research needs. Three main benefit 
streams were identified. A first benefit stream linked to the potential to generate a 
reduction in the direct and indirect impacts of the disease in the human population, 
namely on the burden of disease or cost of illness. This potential benefit stream was 
further explored in the study. The potential to reduce the direct and indirect impacts 
of disease in the animal population, ultimately contributing to a reduction in human 
infection, was identified but not assessed. The final benefit stream related to a set of 
intermediate or intangible benefits, connected to enhanced knowledge, performance 
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Fig. 6.3 Conceptual framework of the links between surveillance of zoonoses in the animal popu-
lation, the wider public health disease mitigation system, and associated benefit components
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of risk assessments and triggering of research, such as intellectual capital, and to 
social capital, generated through the intrinsic value of multi-sectorial collaboration 
and networking.

The One Health approach represented a marginal cost when compared to the uni- 
sectorial system, with almost half (48%) of the total expenses in 2009–2013 being 
absorbed by commissioned research on Campylobacter in Switzerland, followed by 
the surveillance and monitoring activities in poultry and humans, respectively. In 
the same timeline, a 3.4–8.8% increase in the average total burden of disease of 
campylobacteriosis was estimated, from 1609 (95% CI: 1330, 1947) to 2756 (95% 
CI: 2412, 3140) DALYs in 2008 to 1751 (95% confidence interval (CI): 1478, 2069) 
to 2852 (95% CI: 2520, 3227) DALYs in 2013, in the best- and worst-case scenarios 
considered, respectively.

6.3.4  Discussion

This study provides an example of how costs and benefits of surveillance conducted 
in a One Health approach can be identified. The framework used as the basis for 
economic assessment allowed the identification of cross-sectorial cost items and 
benefits streams, associated to Campylobacter in Switzerland in the period in analy-
sis, through the conceptualisation of its links to activities and intervention. The 
study also demonstrates the challenges surrounding the valuation of costs and ben-
efits of One Health surveillance approaches, particularly those generated in system 
at an early stage of implementation such as the One Health approach to 
Campylobacter mitigation in the time frame of this analysis.

In the first five years of the system, the level of the expenditure increased with a 
cross-sectorial approach to surveillance and intervention for Campylobacter in the 
country, particularly in research funding and surveillance activities in poultry. In 
line with the nature of these activities, information generated contributed mainly to 
the assessment of trends, to perform risk assessments, and to shape research efforts. 
Accordingly, in these initial 5 years, the nature of benefits was intangible, including 
the generation of intellectual capital. Such intellectual capital created by surveil-
lance can later generate monetary value when it is used to inform control measures 
that mitigate the impact of the disease and generate a measurable health effect. 
Cost-effectiveness or cost–benefit tools can, at that stage, be used to estimate how 
One Health approaches to surveillance and mitigation compare in economic terms 
with uni-sectorial approaches.

6.3.5  Implication in Terms of Disease Management Policy

Gains in information and knowledge have been recognised as benefits from wider 
One Health approaches [35, 36]. However, for surveillance activities, such benefits 
are rarely incorporated into economic assessments [37]. To understand the overall 
added value of One Health surveillance, the assessment of these assets should be an 
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integral part of the analysis, particularly in surveillance systems that are mainly 
informing assessments and producing knowledge. Stated preference elicitation 
methods, such as conjoint analysis, presented and further explored in other case 
studies in this chapter, could be a useful tool to gain further insight into this set of 
benefits of One Health surveillance approaches.

6.4  Case Study 3: Quantifying the Perceived Benefits 
and Costs of Surveillance Through Discrete Choice 
Experiments: A Pilot Study in North Vietnam

6.4.1  Introduction

The method explained in Chap. 5 is useful for identifying and understanding the 
costs and benefits associated with passive surveillance from the viewpoint of its 
primary information holders. However, it does not allow to quantify the effect of 
each factor on the actor’s decision-making, and so, does not allow to measure the 
relative effect of each of the identified attributes on the effectiveness of 
surveillance.

To answer this gap, a quantification method based on stated preferences was built 
and tested, using the example of reporting of Highly Pathogenic Avian Influenza 
(HPAI) suspicions by poultry farmers to veterinary authorities in Vietnam. The 
method was composed of two phases with distinct objectives: first, quantifying the 
value attributed by survey participants to the reception of information on poultry 
diseases occurring in their area, using contingent valuation; second, quantifying the 
value of attributes of passive surveillance (anticipated costs and benefits of HPAI 
suspicion reporting) based on their relative effect on the reporting likelihood of 
survey participants, using choice-based conjoint analysis.

This section introduces the method of data collection and data analysis as well as 
preliminary results of the pilot study implemented in Hải Dương province (North 
Vietnam). A more detailed description of the method can be found in [18, 19]).

6.4.2  Materials and Methods

6.4.2.1  Contingent Valuation to Estimate the Benefits of Health 
Information Sharing

The benefits considered by the individuals from receiving information on poultry 
disease outbreaks were estimated by contingent valuation [38]. All types of poultry 
diseases were included, not only HPAI, in order to match actors’ interest for epide-
miological information on poultry diseases in general. Semi-structured interviews 
were performed to list the benefits of early information about the sanitary situation 
of poultry flocks in the region. The participants had to think of how they could use 
such information and what could be the expected gains or avoided losses from the 
anticipated actions. Then, contingent valuation was applied. It consisted in offering 
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a virtual contract from a company providing information to the participant at a cer-
tain cost. Two factors were considered: the price the participant was willing to pay 
to receive information in an appropriate timing (i.e. to allow enough time for imple-
mentation of prevention and control measures) and the price the participant was 
willing to accept as a compensation to deliver information himself within an appro-
priate timing.

6.4.2.2  Discrete Choice Experiment to Value the Non-Monetary Costs 
and Benefits

Second, a modified protocol of discrete choice experiment was applied to value the 
non-monetary costs and benefits linked to the HPAI suspicion reporting process 
[39]. The participant had to list and explain the different options he/she was willing 
to consider when confronted to a hypothetical scenario of disease suspicion (50% 
mortality in less than 2 days) in his/her chicken flock, and the relative consequences 
(financial and non-financial) upon reporting or not reporting the disease suspicion 
to the authorities. Then the farmer was asked to estimate a relative likelihood to the 
three possible actions: (i) reporting the HPAI suspicion to authorities, (ii) not report-
ing the HPAI suspicion to authorities, and (iii) discuss with other people in the com-
munity about the need to report or not (Fig. 6.4). The objective of the third option 
was to give a possibility for the participant to opt out, as well as a possibility for the 
respondent to give a more detailed explanation of the social interactions 
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conditioning the decision-making process. The likelihood of each option was quan-
tified using proportional piling [16]: a set of 100 counters was divided and ascribed 
to each above-mentioned option by participants, in quantity proportional to the rela-
tive likelihood of choosing this option. Different scenarios were then tested by vary-
ing the levels of indemnities provided by the government upon report. The motives 
for the stated likelihoods were assessed at each step and considered as incentives or 
disincentives of the decision-making. The participant was then asked to assign like-
lihoods to each action in situations where the incentives and disincentives consid-
ered were not applicable (e.g. assign likelihood of each action when considering 
that authorities provide or do not provide help in disease management following a 
disease suspicion report). The presence/absence of these incentives and disincen-
tives were considered as the qualitative attributes to be valued through the different 
choice scenarios (Fig. 6.4).

All statistical analyses were made using R.2.15 [23]. Results from contingent 
valuations were analysed through descriptive statistics. Results from the adapted 
discrete choice experiment were analysed considering the stated likelihoods of 
action as probabilities of choice. Being collected following distinct interview pro-
cesses according to each individual case, data were analysed individually. To allow 
for the statistical estimation of utility coefficients of the different scenario attributes 
with standard statistical package, each individual probability gathered through pro-
portional piling was simulated as resulting from a mock sample (n = 100 for the 
each scenario). A multinomial logistic regression model was applied to derive the 
monetary values of attributes [39] from data collected for each individual, using the 
‘mlogit’ package [40]:
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with X being the vector of the attributes of the scenario (non-monetary and mone-
tary incentives and disincentives), b being a vector of utility coefficients of the sce-
nario attributes to be estimated, r being the report option, and j the choice set.

6.4.3  Results

The contingent valuation tool and the adapted discrete choice experiment were 
tested, with 21 and 17 poultry producers, respectively, of Hải Dương province 
(North Vietnam), of which 4 were female and the rest male. They were all small- 
scale farmers producing between 100 and 1000 broiler chickens per cycle.

The anticipated costs of poultry farmers for reporting HPAI suspicions were the 
fear of being responsible for the losses incurred by other producers and feed sellers, 
due to the drop of poultry prices in case of notification, and the transaction costs 
(administrative procedures and delays before receiving financial indemnities, as 
compared with the immediate payoff obtained by selling the affected flock). From 
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the 17 interviews performed in HD with broiler chicken producers, 11 results were 
interpretable. Failures to obtain interpretable results arose from inability or unwill-
ingness of participants to envisage hypothetic scenarios. For five farmers the effect 
on prices and resulting losses for other farms did not affect their decision (null cost). 
For five other farmers this cost had an impact that could be quantified at a median 
value of 442 USD (range: 108–2979 USD) (exchange rate: 1 USD = 21,000 Vietnam 
Dong). One farmer considered the impact of notifications on the income of other 
farmers was priceless (absolutely intolerable). Five farmers did not mention the 
transaction costs of reporting. For six other farmers these transaction costs could be 
estimated as a median value of 694 USD (range: 236–1081 USD). Seven farmers 
did not mention the benefit of help in disease management. For four other farmers 
this benefit could be estimated as a median value of 292 USD (range: 248–829 USD).

A quantified value of acceptable price for getting disease outbreak information 
(willingness to pay) could be obtained from 13 out of the 21 interviews performed 
in HD with broiler chicken producers. The median value was 0.04 USD (range: 
0.005–0.05 USD) per chicken per cycle, which corresponds to about 1% of the 
chicken sale price.

6.4.4  Discussion

Stated preferences method is based on the elicitation of specific choices of partici-
pants under hypothetic scenarios with specific attributes. It is usually applied to 
assign a value to goods or attributes of goods which do not have a market [39]. In 
animal health, stated preferences were used, for example, to evaluate the willing-
ness of farmers to pay for the extension of local veterinary services [41] or for vac-
cination programmes against livestock diseases, based on their attributes [11, 42]. 
Classically, stated preferences require data collection using standardised 
questionnaire- based approaches. Survey interviewees are required to make discrete 
choices in response to several sets of scenario attributes and model coefficients are 
estimated on the overall sample of participants (see Sect. 6.5).

The data collection protocol presented here was adapted to allow flexibility in 
conducting interviews with survey participants and defining scenario attributes. 
This flexibility was essential, given the complex and sensitive nature of the topic. It 
enabled to ascertain that participants had a good understanding of the proposed 
scenarios, the different choices they were faced with and their potential conse-
quences, and to explore thoroughly the different incentives and disincentives condi-
tioning their decision process. The method was well adapted to identify scenarios 
and relevant attributes that matched participants’ specific perceptions. Proportional 
piling was used in conjoint analysis as a way to capture relative probabilities of 
decisions in response to change in scenarios attributes. These attributes were pro-
gressively adapted by the interviewer all along the exercise until capturing changes 
in probability that were precisely linked with the factor of interest.

A substantial proportion of the pilot interviews failed to produce relevant data. 
Indeed, the applicability of the tool proved to depend on the knowledge and experi-
ence of participants with the topic of the evaluation (poultry diseases and suspicion 
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reporting) and their ability or willingness to consider hypothetic scenarios that 
could significantly diverge from their personal experience.

6.4.5  Implication in Terms of Disease Management Policy

The willingness of farmers to contribute financially and informationally to the sug-
gested ‘service of health information’ highlights their interest in a well-functioning 
surveillance system and a direct illustration of the public value that such systems are 
creating. However, the fact that farmers did not consider this service to be synony-
mous of the actual surveillance system points to a lack of return of information to 
these users, hence pointing to the foregone creation of value. A flowing back of 
information to end-users is thus needed to realise the full social potential of surveil-
lance. This case study illustrates how stated preference methods may be used at the 
individual level as a tool for in-depth qualitative investigation of actors’ decision- 
making and attitude towards implemented or envisioned policies. The present 
results point particularly to the importance of disease management interventions 
and market impacts on the decision to report or not to report cases, which also 
appeared as resulting from social interactions, beyond the sole individual weighing 
of costs and benefits.

6.5  Case Study 4: The Willingness to Forego Compensation: 
Application of the Discrete Choice Experiment 
to Evaluate Swine Disease Surveillance in Vietnam

6.5.1  Introduction

Farmers’ decision to report cases, and therefore the effectiveness of passive surveil-
lance, crucially depends on the institutional framing of animal disease surveillance 
and control. Indeed, farmers’ anticipation of consequences shapes their final deci-
sion to report [43, 44], which implies that passive surveillance cannot be considered 
separately from the planned control actions. Applying to swine diseases in two 
provinces of the Red River Delta, in the North of Vietnam, this case study applied 
discrete choice experiment (DCE) to evaluate passive surveillance as an institu-
tional object, characterised by policy options as perceived by field actors. More 
details on the study can be found in Pham et al. [14].

6.5.2  Materials and Methods

6.5.2.1  Discrete Choice Experiment Applied to Passive Surveillance
As mentioned in the previous case study, discrete choice experiment (DCE) is part 
of the so-called stated preference method. It aims at estimating the value of goods 
or their characteristics (also called attributes) based on the analysis of choices made 
by individuals facing virtual alternatives between different kinds of the good to be 
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evaluated. Such virtual choices are needed in cases in which real transactions on 
markets cannot be observed to obtain these estimations. Similar approaches were 
adopted by other authors to identify and evaluate farmers’ reporting decisions [45] 
and animal disease control measures [42, 46].

By analysing the trade-off that the interviewees make between the policy options 
and compensation throughout their virtual choices, the DCE protocol allows for an 
estimation of the willingness of farmers to accept or to forego compensation facing 
different policy arrangements. This willingness may also be directly understood as 
a willingness to report, as the survey includes the possible choice of not reporting. 
Finally, this willingness to report may also be expressed as probabilities of reporting 
decisions, hence as an evaluation of the foreseen effect of different policy options 
on passive surveillance.

6.5.2.2  Definition of Policy Options To Be Tested
A DCE protocol needs to elaborate different profiles of the good to evaluate, to be 
proposed as alternatives. These profiles represent different combinations of charac-
teristics, here policy options, relevant to the actors’ decision-making. Those were 
identified through a participatory survey consisting of 18 focus groups with farmers 
and key informant interviews. The policy options included were as follows: (1) 
uncertainty of being compensated in case of animal disease reporting; (2) delivery 
time of compensation payment; (3) pig culling in case of disease reporting; (4) bur-
den of administrative procedures for disease notification and getting compensation 
payment; (5) movement control in case of disease notification; and (6) compensa-
tion levels in case of animal culling. Each option was then assigned different modal-
ities (attributes’ levels) on the basis of the survey results and from a literature review 
on veterinary regulations in Vietnam [47, 48], as detailed in Table 6.1. Compensation 
level was expressed as a percentage of the market price for the live body weight 
(LBW) of a fattening pig, considering a fixed market price of Vietnam Dong (VND) 
48,000 per kg LBW. Compensation levels were set at 50%, 70%, and 80% of mar-
ket price.

6.5.2.3  Study Location and Participants
The DCE survey was conducted in eight communes of four districts of two prov-
inces, based on pig density, extent of pig production, diversity of pig farming sys-
tems, and occurrence of notified swine infectious diseases (PRRS, FMD, and CSF). 
Stratified random sampling was carried out based on production types (mixed vs. 
fattening farm) and production systems (small vs. large farm, based on a threshold 
of 20 sows and/or 200 fattening pigs). Target sample size was 120 pig farms in each 
province (30 large farms and 90 smallholders). According to the WHO guideline on 
discrete choice experiments in public health research, a minimum sample size of 30 
is required for each sub-group of the main sample to perform econometric analysis 
[49]. Each farmer was asked to make 12 virtual choices. Each choice consisted of 
two unlabelled disease-reporting alternatives and one opt-out alternative (non- 
reporting alternative).
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From March to July 2015, face-to-face interviews in Vietnamese were conducted, 
resulting in 196 completed questionnaires in total (out of 240 pig holders contacted 
for interview). Mixed pig farms represented 81% of sample (keeping sows, growers, 
and fattening pigs), while 19% kept fattening pigs only. Small pig farms with 6 sows 
and 100 fattening pigs on average were dominant in both provinces (79% and 88%, 
respectively).

6.5.3  Results

From the selected policy options, all showed a statistically significant influence 
(p < 0.01) on farmers’ decision-making, except the administrative procedures bur-
den. No significant difference was observed between provinces. As expected, higher 
compensations increased the likelihood of reporting, allowing for the calculation of 
the so-called ‘willingness to accept compensation’ for negatively perceived policy 
options or ‘willingness to forego compensation’ for positively perceived policy 
options. The strongest influence on decision-making was obtained for the certainty 
of receiving compensation and for culling policy, the preferred option being to 
restrict it to not-recovering pigs only. Movement restriction and delayed compensa-
tion payment also reduced the probability of farmers’ disease reporting but showed 
a lesser weight in decision-making. Regarding the desired policy changes, the high-
est willingness to forego compensation is obtained for restricting the culling policy 
to non-recovering pigs only and for shortening the compensation delivery time from 
1 year to 3 months, amounting to 71% and 25% of the market price, respectively 
(Fig. 6.5).

Table 6.1 Policy options used in the discrete choice experiment to estimate farmers’ willingness 
to report swine disease in two provinces of Northern Vietnam

Attribute Levels
Probability of being compensated Uncertain

Certain
Compensation level (Vietnam Dong per kilogram live body weight) 24,000

33,600
38,400

Animal culling policy Dead/unrecovered 
pigs
All pigs at farm

Administrative procedures of disease reporting and compensation 
payment

Simple
Complicated

Movement control in outbreak area No movement ban
Movement ban

Delivery time of compensation payment 3 months
6 months
1 years
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With regard to the policy options that were considered, the current situation in 
Vietnam is defined as follows: uncertainty of being compensated, movement restric-
tion, total culling in affected farms, complicated administrative procedures, com-
pensation level equal to 70% of market price, and compensation delay of six months. 
Based on scenarios simulation, under this policy setting, the probability of case 
reporting was estimated at only 4% (95% CI: 0.9–14.3%). A change in the culling 
policy to restrict it to unrecovered pigs in affected farms brings this reporting prob-
ability up to 26% (95% CI: 6.2–65.4%). If farmers were certain of being compen-
sated, probability of disease reporting would rise up to 52% in case of total culling 
in affected farms (95% CI: 16.8–85.3%) and up to 91% (95% CI: 59.7–98.5%) in 
case of targeted culling. Making administrative procedures less cumbersome, allow-
ing free movements of uninfected pigs in the area, and increasing the compensation 
payment to 80% of market value do not significantly increase the proportion of 
farmers willing to report. In accordance with the calculated willingness to forego 
compensation, under the favourable options of a targeted culling policy and cer-
tainty of compensation, the scenario testing a lower compensation level (50% mar-
ket value) could deliver an estimated probability of reporting as high as 84% (95% 
CI: 47.9–96.8%).
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policy. (From Pham et al. [14])
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6.5.4  The Burden of Distrust, the Unbearable Cost of Massive 
Culling Outweighs Compensation Levels

The willingness to forego compensation highlights the true barriers opposed to dis-
ease notification from the perspective of Vietnamese pig holders’ decision-making. 
Indeed, compensation is classically considered critical in disease control policies as 
an incentive to case reporting and compliance with culling actions [50]. Hence, 
policies often focus on this rate, with recommendations, for healthy and diseased 
animals, ranging from 75 to 90% of the reference price [50]. Yet, this case study 
brings a quantitative illustration of the secondary importance of compensation level 
in farmers’ decision-making. Two policy elements are pointed as more relevant to 
this decision: the certainty of compensation payment and the culling strategy. As the 
present method mobilises stated preference, it is primarily handling perceptions of 
a policy by stakeholders rather than policy itself. Therefore, it is useful to translate 
these results into their perceptual equivalent, meaning that policy efforts have to 
increase the confidence in compensation payment and the acceptability of stamping 
out strategies. Clearly, in the present situation, the effort made to ensure a compen-
sation level as high as 70% of the market price is totally overweighed by a lack in 
these two components coming up to massive underreporting behaviour. On the con-
trary, lower compensation rates may allow for an effective passive surveillance pro-
vided that confidence and acceptability are fostered. Similarly to compensation 
level, movement restriction and delivery time of compensation are minor although 
significant decision factors.

The lack of acceptability of stamping out strategies may be understood from 
qualitative in-depth interviews having accompanied the present DCE protocol. 
First, the destruction of clinically healthy pigs is perceived as a waste of resources 
and food, which is deemed unacceptable. Second, compensation rates based on fat-
tened pig prices is considered as not relevant to compensate the culling of clinically 
healthy breeding stock that present a higher value as a built capital. Third, notifiable 
swine diseases such as PRRS and FMD are endemic in Vietnam, which leads farm-
ers to perceive these diseases as a usual burden that does not call for stamping out 
strategies, then perceived as ‘over-reaction’. According to Vietnamese disease con-
trol policy ([47, 48], culling upon disease confirmation applies for all pigs in the 
farm in case of a new outbreak or if the outbreak occurs in a limited area (few 
households in the village/commune). Targeted culling of non-recovering pigs 
already applies for wider outbreaks or in recurrently affected zones. Thus, the 
Vietnamese policy is not totally at odds with farmers’ wishes but the wider accept-
ability of restricted culling invites to apply this strategy in a maximum of relevant 
cases. A true stamping out should be decided under very strict conditions, with both 
a profound work to promote its acceptability ex ante and a follow-up of farmers 
upon implementation.

The lack of confidence in compensation payment is the other main barrier for 
disease reporting identified through this case study. This relates to a more profound 
distrust in veterinary authorities and control measures, which is, indeed, known as 
an important barrier to disease reporting [43, 44, 51]. The timeliness and reliability 
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of compensation delivery are critical elements in building this missing trust [50]. 
Finally, we could understand from open interviews that the flexibility of procedure, 
as mentioned here above, makes things unclear for farmers. These results suggest 
the importance of clarifying culling rules with adequate communication strategy.

6.5.5  Implication in Terms of Disease Management Policy

Delay in detecting and culling infected animals has been found as key factors of 
diseases spread, undermining the efficacy of control programmes [52, 53]. 
Conversely, the efficacy of control programmes, the acceptability, and the clarity of 
their procedures appear as feedback drivers of surveillance efficacy. This case study 
illustrates how discrete choice experiment can be mobilised to investigate the barri-
ers to a timely disease reporting by farmers. Combined with qualitative interviews 
to grasp profound motives and justifications of farmers’ choices, it proved useful to 
inform the needs for policy framing of communicable disease management. The 
present case particularly highlights the need for renewed communication strategies 
around animal disease control policy, to clarify the latter and build trust with farm-
ers. Stamping out proved a critical factor in their decision-making. Therefore, there 
is a need to mobilise this measure with scrutiny in accordance with the epidemio-
logical situation of the region, and to communicate duly about its need, legitimacy, 
and modalities in order to increase its acceptability.

6.6  General Discussion

This chapter has focused on practical applications used to describe and estimate 
wider surveillance values as well as factors that influence them.

Some aspects of the value of surveillance are quantifiable using market values, 
in particular the monetary losses avoided in animal populations (e.g. reduction in 
yield, loss of animals) and human populations (e.g. losses due to absence from 
work). In addition, some of the wider externality effects, such as the losses caused 
by a reduction of tourism due to disease outbreaks, can be measured in monetary 
terms. The comparison of the loss avoidance achieved through disease surveil-
lance and control with the resource costs accrued for these activities allows deter-
mining the economic efficiency of surveillance, as described in Chap. 5 and 
illustrated in various studies (see, e.g., examples mentioned in this chapter 
or  the  RISKSUR outputs: http://www.fp7- risksur.eu/progress/publications- 
 presentations).

While several studies focused on the value of surveillance for animal diseases, 
recent work has elaborated the theoretical foundations to extend the existing con-
cepts to One Health or integrated health surveillance [7]. Benefit streams in the 
human health sector resulting from information generation in the animal health sec-
tor are expected to be generated from disease reduction in human populations that 
can be attributed to earlier or better knowledge produced by animal health 
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surveillance—conceptually similar to considerations in the animal health sector. 
However, Babo Martins [7] found that there is a considerable time lag from the 
generation of information in animal health to interventions in the public health sec-
tor. In other words, the information is more often used to assess trends and trigger 
research, all of which can be used at a later point in time to inform the design of 
interventions. Consequently, the quantification of benefit streams in a One Health 
surveillance setting requires a long-term time frame to be able to estimate their 
economic value. This leads to situations where intangible benefits to surveillance 
are identified, such as intellectual property, experience, knowledge, which in the 
future may be used to realise a tangible value as explained in Case Study 2. In other 
contexts, the measurement of intellectual capital, knowledge, or research informa-
tion is a question of interest to research institutions, governments, or funding bodies.

Importantly, the concept of value is not static, but varies with time, geographic 
setting, culture, etc. Thus, the value of surveillance is strongly determined by the 
context, as illustrated in Case Study 1 where qualitative studies on avian influenza 
surveillance identified clear differences in the perception of the usefulness of sur-
veillance information in Vietnam and Thailand. Large-scale poultry farmers were 
mainly interested in financial income resulting from poultry flocks and used the 
surveillance information received to make decisions to sell their poultry (a risky 
practice in terms of disease spread) and maximise their income. This example 
clearly shows that the intended use (and consequently potential benefits) of surveil-
lance information as conceptualised by public authorities (protection of animal and 
human populations by enabling interventions) may differ from private stakeholder 
interests and use. Consequently, any study aiming to estimate the value of a surveil-
lance policy should take care to define clearly the viewpoints of the analysis and to 
reflect on different stakeholder perceptions and how these could be integrated in the 
study. This was highlighted by the results from Thailand, where the social, cultural, 
and political importance of cockfighting determined the value of poultry and was 
consequently the major driver of producers’ perception of surveillance and disease 
reporting behaviour.

To understand the full value of surveillance, the assessment of non-monetary 
benefits should be an integral part of the analysis. Stated preference elicitation 
methods, such as conjoint analysis, have been presented in this chapter to explore 
their usefulness in generating new insights into surveillance values. They are based 
on the elicitation of specific choices of participants under hypothetic scenarios with 
specified attributes. They are commonly used to assign a value to goods or attributes 
of goods which do not have a market [39]. Case Studies 3 and 4 are examples of 
applications of these methods in an animal health context. From a methodological 
perspective, they showed the importance of having flexibility in interviewing people 
and defining scenario attributes to make sure that people were able to understand in 
detail the choices and consequences to gain robust insights into their decision pro-
cess. In combination with qualitative interviews, profound motives and justifica-
tions of farmers’ choices may be understood. In Case Study 4, information was 
gained on the two policy elements relevant for farmers’ disease reporting behaviour, 
namely, the certainty of compensation payment and the culling strategy. This 
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knowledge is useful for policymakers to be able to generate surveillance systems 
that are functional, accepted, and effective. In this case, contextual factors and local 
value systems influenced important signals in the surveillance pathway and there-
fore directly affected the value of surveillance that could be realised.

In conclusion, the case studies presented are examples of approaches that do not 
only help to identify perceived values of surveillance that may not be immediately 
obvious to the analyst, but they also allow describing, conceptualising, and quanti-
fying non-monetary surveillance benefits. Finally, they are also helpful to character-
ise contextual factors, which directly affect functional and performance attributes of 
surveillance and in consequence its economic value. Together with the theory out-
lined in Chap. 5 and techniques to assess economic efficiency, they allow conduct-
ing robust and effective economic evaluation of animal health surveillance.
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Abstract

The challenges of priority, sustainability, social acceptance, and communication 
are at the heart of the concerns for political decision-makers when it comes to 
defining and implementing health surveillance strategies. In most countries, ani-
mal health surveillance is largely based on the structural organization of veteri-
nary services, but most often relies on informal networks that cannot be evaluated 
with the same tools as formalized surveillance systems. Qualitative methods 
combined or not with quantitative ones are essential to characterize the system 
processes and performances in the field and to capture the social, economic, and 
cultural constraints that often impact the system efficacy. Such elements are criti-
cal to ensure development and adoption of effective and adapted corrective 
actions by all the actors of the system. Engagement of the surveillance system 
actors within the evaluation process itself by the means of participatory 
approaches and co-development of solutions for improvement is also key to build 
up trust between actors from different levels (from field to national) and sectors 
(public and privates). Innovative methods and tools for the qualitative and quan-
titative evaluation of surveillance systems have been developed and largely 
applied in the field of animal health surveillance evaluation over the past decade. 
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The aim of this chapter is to provide an overview of such methods and their field 
application. To gain more detail knowledge on each method, the readers can refer 
to published references provided and also to the specific chapters of this book.

Keywords

Evaluation · Qualitative methods · Health surveillance · Participatory approaches

7.1  Introduction

The challenges of priority, sustainability, social acceptance, and communication 
are at the heart of the concerns of political decision-makers when it comes to 
defining and implementing their surveillance strategies. The review of health sur-
veillance evaluation methods by Calba et al. highlighted the importance and the 
need to develop an integrated approach to animal health assessment, taking into 
account not only the epidemiological and technical aspects but also the social and 
economic aspects [1, 2]. These tools must allow a relevant framing of the evalua-
tion process, adapted to needs and resources, notably with the definition of a clear 
objective, and an evaluation question formulated in order to be able to respond to 
it (value judgment and recommendations). It is therefore necessary to develop 
quantitative tools to assess the performance of surveillance systems while cou-
pling them with qualitative methods to characterize the functioning of the real 
system in the field in order to propose effective and appropriate corrective actions. 
In most countries, animal health surveillance is largely based on the structural 
organization of veterinary services, but most often relies on informal networks 
[3–5]. This type of structure can hardly be assessed with the same tools and 
approaches as formalized surveillance networks. Some assessments might there-
fore rely more on the institutional organization of the networks and their formal-
ization, while others will have to focus on the actors of the system, their social 
organization, and specific constraints. However, the notion of formalization of 
networks is a key element in the performance and sustainability of the systems 
and must therefore be encouraged. Evaluating the performance of surveillance 
systems becomes a necessity, on the one hand, in terms of sensitivity, specificity, 
and predictive value—characterizing the ability to detect a true emergence in a 
defined space–time framework—and, on the other hand, terms of cost in relation 
to the desired efficiency. Indeed, it is essential to be able to quantify the perfor-
mance of systems in order to improve them and adjust the necessary means 
(actors, budgets, structures) to the needs of a country (detection of emergencies, 
monitoring of the effectiveness of control such as vaccination). Therefore, quali-
tative and quantitative methods are intended to be complementary. It is indeed 
essential to characterize the way the system works in theory in order to be able to 
compare it with its real functioning in the field in order to propose effective and 
adapted corrective actions to be implemented.
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Box 7.1 Qualitative/Semiquantitative Tools Available (Nonexhaustive List)
 – PVS et PVS Gap Analysis, OIE () : Tool for evaluating veterinary ser-

vices, the surveillance component is taken into account in the analysis of 
national prevention systems in a very global way.

 – Quality criteria evaluation public health surveillance, CDC (2001) (): 
Method for evaluating public health surveillance systems according to 10 
quality criteria essential for the proper functioning of the system, this 
method is not associated with a standardized tool and requires the involve-
ment of experts, as well as the development of evaluation protocols adapted 
to each context.

 – OASIS, ANSES (2009): Standardized tool for evaluating the functioning 
of the system; takes into account the quantitative evaluation method devel-
oped by B. Dufour and P. Hendrikx, based on a method of critical point 
analysis of the system (HACCP) and on the evaluation of the quality crite-
ria developed by the CDC. It is a turnkey tool consisting of a questionnaire, 
a grid and scoring guide, and an automated tool for scoring and graphical 
representation of results (on Microsoft Excel) [6].

 – SERVAL, HAVLA/RVC (2012) () : Conceptual framework for evaluating 
surveillance systems, does not constitute a turnkey tool but represents a 
toolbox that allows the user to choose the necessary tools according to the 
type of evaluation, must be adapted to the context and used by experts in 
the field. This tool also allows a complete description of the system.

Limits: All the tools mentioned above require the involvement of an expert, 
previously trained in their use, competent in the field of surveillance and 
aware of the context of the evaluation field.

Innovative methods and tools for the qualitative and quantitative evaluation of 
surveillance systems have been developed in order to address the limits of the meth-
ods currently available, including
 – The adaptation of the OASIS tool to the context of developing countries in order 

to generate a standardized qualitative/semiquantitative assessment tool for the 
surveillance system: OASIS has been adapted to context of developing countries 
with a module for financial analysis of networks under development, which takes 
into account the cost-effectiveness of the corrective actions identified by the tool 
and thus prioritizes the actions to be implemented [7]. This tool is presented in 
the context of this chapter.

 – The use of participatory approaches in evaluation:
 (a) The development of participatory economic evaluation methods in order to 

measure the economic impact of diseases and the societal costs and bene-
fits of surveillance systems, and thus considering social issues critical for 
the proper functioning of systems (Chap. 7, Sect. 7.3).

 (b) The development of a method for assessing the acceptability of surveil-
lance systems—AccEPT (Chap. 8, Sect. 8.4).
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 – The adaptation and validation of quantitative evaluation methods for the perfor-
mance of animal health surveillance systems: Capture/recapture and Decision 
Tree analyses [8, 9], which especially allows to assess the importance of under- 
detection (Chap. 11, Sect. 11.5).

 – The adaptation and application of social network analysis (SNA) to the analysis 
of the process of sharing health information and of the socioeconomic factors 
impacting this health information sharing (Chap. 12, Sect. 12.5).

The aim of this chapter is to provide an overview of the qualitative methods cur-
rently used in the field of health surveillance evaluation. To gain more detail knowl-
edge on each method, the readers can refer to published references provided and 
also to the specific chapters of this book.

7.2  OASIS: A Tool Adapted to the Evaluation 
of the Surveillance Process

The OASIS tool is a standardized tool for evaluating the quality and operating effi-
ciency of surveillance systems, which was initially developed for a regional surveil-
lance project (Caribbean, Maghreb and Indian Ocean). This tool was then adapted 
in 2007 by the CaribVet team and was then taken up in 2009 by a team from 
ANSES in order to adapt it to European working methods. In 2010, the tool was 
translated in English and further adapted by CIRAD to be applied to the evaluation 
of surveillance systems in South East Asia [7]. The tool and its applications have 
been the subject of numerous scientific publications and/or reports and its operation 
will only be briefly described here to facilitate understanding of its potential appli-
cation [6, 10, 11].

7.2.1  Tool Principles

The OASIS tool is based on the principle that surveillance systems all require more 
or less the same basic structure to be functional, and therefore compares the surveil-
lance process under evaluation to the process of an ideal system [10].

The tool is made up of three parts:

• A questionnaire that makes it possible to analyze each of the components of the 
surveillance system, structured in 10 sections: (1) objectives and context of sur-
veillance, (2) central institutional organization, (3) field institutional organiza-
tion, (4) laboratory, (5) tools for monitoring, (6) monitoring method, (7) data 
management, (8) training, (9) communication, and (10) evaluation.

• A rating system including 75 criteria defined by expert elicitation, thus ensuring 
their ability to describe a surveillance network as accurately as possible. A pre-
cise scoring guide to score these criteria from 0 to 3 in order to limit the possible 
interpretations of the assessor and to facilitate scoring work.

M. Peyre and F. Goutard



153

• Automated results on an Excel spreadsheet, which include (1) a descriptive anal-
ysis of the strengths and weaknesses of the system presenting the level of satis-
faction of the 10 sections evaluated (Fig. 7.1a); (2) a critical point analysis based 
on the principles of HACCP (Hazard Analysis Critical Control Points), which 
measures seven critical points (network objectives, sampling, animation, tools, 
data collection and circulation, data analysis and interpretation and dissemina-
tion of information) weighted by the experts according to their importance in the 
performance of the surveillance process [12]; this result makes it possible to 
identify the margins for possible improvement for these seven critical points of 
the system; (3i) a qualitative analysis of the impact of the surveillance process on 
10 evaluation attributes (sensitivity, specificity, representativeness, speed, flexi-
bility, reliability, stability, acceptability, simplicity, and usefulness) (Fig. 7.1b), 
the nature of the criteria used, and their weights was also defined by expert 
elicitation.

7.2.2  Practical Use

The OASIS tool could be used to perform internal or external evaluations of surveil-
lance systems. For external evaluation, it needs to be applied by an independent 
expert working in close collaboration with the system coordinator to gather the 
required information (Box 7.2). The expert can also involve other actors of the sys-
tem to collect evidence of its implementation in the field. In order to do so, the 
expert must define a representative number of the different type of actors to be 
interviewed in order to have the most objective view of the network operation. 
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Fig. 7.1 OASIS evaluation of CSF surveillance in Germany: (a) strengths and weaknesses of the 
surveillance system; (b) qualitative analysis of the impact of the organization of the system on its 
performance
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Internal evaluations are based on the same principle using the tool without the 
involvement of independent expert. It is, however, recommended to get prior train-
ing and/or to require technical support by relevant evaluation expert to ensure best 
use of the tool and meaningful recommendations.

As the financial aspect often represents a major obstacle, especially in develop-
ing countries, it is essential to estimate the cost-effectiveness of the corrective 
actions proposed to prioritize the improvements and forecast the necessary budgets 
and their viability over time. However, the cost-effectiveness evaluation of the sur-
veillance (and control) of animal diseases remains a complicated exercise, on the 
one hand, because of the difficulty of access to these financial data considered as 
sensitive and, on the other hand, because of the methodological limits of perfor-
mance evaluation of these systems (Parts III and V). Under its latest version, the tool 
provides an overview of the system financial sustainability over a 6-month to 2-year 
period according to the origin and duration of funding.

The applications of the tool in the field highlighted the following aspects:

 – The importance of financial issues in decision-making in terms of improving the 
systems process: Cost of the corrective action but also its social impact versus its 
effectiveness (acceptability and performances).

 – The financial sustainability of the surveillance system: Often essential surveil-
lance activities are funded ad hoc as part of fixed terms internationally funded 
project. This could impair greatly the performance of the system that will not 
provide similar type and quality of data in a continuous manner—questioning the 
capacity of such system to address its objectives weather it is early detection of 
emerging disease or case detection for control. The questions that arise are: (1) 
What is the real impact of these ad hoc activities on the quality and performance 
of the system in the long term; (2) What are the differences in performances at 
regional and international level and how does this impact the ability to prevent 
emergence and pandemic spread?

Box 7.2 Evaluation of the Classical Swine Fever Surveillance System in 
Germany [13]
OASIS was applied to the evaluation of the organization of the CSF surveil-
lance system in Germany within the framework of the RISKSUR project [3] .

Weaknesses were identified at the central organizational and field level due 
to limited material resources. The specificity of tests and surveillance proto-
cols is limited, which makes it possible to promote the sensitivity of the sys-
tem in order to demonstrate free status. Acceptability at the level of data 
sources and collectors is low due to the consequences of a declaration of sus-
picion or confirmation of a case, which also leads to biases in the quality of 
the data reported. The representativeness of the system is limited, which justi-
fies the need to modify the monitoring protocols. Communication within the 
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7.3  The Use of Social Network Analysis to Characterize 
Health Information-Sharing Systems

The analysis of the structure of health surveillance system could be performed by 
looking at the social organization of the actors within the system and the information- 
sharing processes within such social networks (Part V) [3]. This approach allows to 
analyze the way private or public actors manage the risks linked to animal health, 
with or without the intervention of the state. The study of these networks also allows 
to understand to what extent the veterinary authorities are involved in this collective 
risk management or not and the perceived value of this official surveillance [3, 15]. 
The approach is based on the graph theory, where relationships between actors are no 
longer based solely on proximity links but on links of a social nature or commercial 
[16, 17]. Graph theory analyzes the place of actors in the network, their influence, the 
attributes determining this influence, or the conformation of the network, the creation 
of links with certain actors rather than with others [16, 17]. This approach can be 
combined with participative approach for data collection with the aim of better 
understanding the role of each actor in the network, as well as its socioeconomic 
constraints linked to health information sharing (Box 7.3) [18] (Part III).

This innovative approach in animal health has been widely applied with the aim 
of analyzing the socioeconomic factors that influence the sharing of health informa-
tion and thus promote underreporting:

• As part of the evaluation of the HPAI surveillance system in Vietnam and 
Thailand with the analysis of health information-sharing networks between 
actors in the poultry sector ([3, 19, 20], n.d.) (Part III).

• In the context of the evaluation of the pig disease surveillance system in Vietnam 
with the analysis of networks for sharing health information between actors in 
the pig sector [21] (Part III).

• But also with the aim of better targeting surveillance as part of the evaluation of the 
surveillance system for swine influenza (PI) in Vietnam with the analysis of the 
risk of spread of PI through the movements of pigs within the production chain and 
the identification of risk concentration “nodes” to target surveillance [22].

system deserves to be strengthened, as well as evaluation with the establish-
ment of relevant performance indicators and external evaluation.

A surveillance system aimed at demonstrating the disease-free status of a 
disease must encourage high sensitivity with regard to specificity. However, 
the analysis of the system by the OASIS tool highlighted a limited sensitivity 
of the system (66%), which is affected by a low acceptability of this monitor-
ing by the stakeholders (70%) as well as a low representativeness (69%). 
These elements must be reinforced. Work carried out by Schultz et  al. to 
address such issues is presented as part of this book (Part III) [14].
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7.3.1  Importance of Private Actors in the Sharing of Health 
Information in Vietnam: Impact on the Performance 
of the Official Surveillance System

Analyses of health information-sharing networks in the swine and avian sectors in 
Vietnam have highlighted the predominant role of private actors (drug sellers, pri-
vate veterinarians, food companies) in the dissemination of information and local 
health risk management [3, 20, 21]. Poultry and pig breeders, when they have a 

Box 7.3 Comparative Analysis of Health Information-Sharing Network Among 
Poultry Farmers in Vietnam Using Structured Questionnaire Surveys or 
Participatory Approaches for Data Collection
Health information-sharing network among poultry farmers in Vietnam was 
analyzed using social network analysis (SNA) method and comparing two 
approaches for data collection, one based on classical structured question-
naire survey and the other on participatory semi-structured interviews [3]. 
Both data collection methods confirmed the importance of the private sector 
in the transmission of health information at different local and intermediate 
scales (village, town, district, and province). Classic SNA surveys are based 
on a selection of actors whose role in surveillance is defined a priori according 
to the organizational scheme of the official surveillance system (e.g., the dis-
trict veterinarian is involved in official surveillance and serves as intermediary 
between the municipal veterinarian and the provincial veterinarian). This type 
of study is not concerned with validating the roles of each actor within the 
network. Participatory data collection studies carried out in parallel, empha-
sized the predominant role of the private veterinarian activities in the exchange 
of health information. This information does not always follow the official 
health events reporting system (Fig. 7.2).

Veterinary authorities
Breed suppliers

Feed companies

Feed–chick sellersVeterinary shops

Poultry farmers

Poultry traders

Affected large broiler chicken

Affected medium broiler chicken

Affected backyard

Pharmaceutical companies

Fig. 7.2 Network 
for the 
dissemination of 
health information 
between actors in 
the poultry sector 
in Vietnam [23]
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health problem with their animals, first contact drug sellers (veterinary pharmacy), 
other breeders in their network, and/or private veterinarians from the agrifood com-
panies with which they have trade (Boxes 7.3 and 7.4). Public veterinarians, being 
part of the community, obtain the information informally and in this context might 
not always link with the official surveillance network, in particular to avoid damag-
ing the bond of trust they maintain with breeders and the rest of their community [3, 
20, 21]. It is critical to understand and acknowledge those social issues that affect 
the performances of the surveillance systems and to work in collaboration with the 
field actors of the system (both public and private, including animal producers but 
also private veterinarians, veterinary drugs sellers, traders, and feed companies) to 
find adapted solution for improvement.

Box 7.4 Comparative Analysis of the Pig Disease Surveillance System and the 
Health Information-Sharing Network for Pig Farmers in Vietnam [21]
By combining social network analysis method with participatory approaches, 
TTH.  Pham highlighted the predominant role of private actors in sharing 
health information on swine diseases in Vietnam at the expense of the official 
surveillance system and thus the complexity of the what really happens in the 
field in terms of surveillance system (official versus informal/private) and the 
challenges linked to socioeconomic factors influencing to the decision to 
report diseases by or not (Fig. 7.3).
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7.4  Socioeconomic Factors that Impact the Performance 
of Health Surveillance

7.4.1  Quick Sale of Animals as an Alternative to Reporting

The quick sale of animals in an area where an outbreak is declared is often observed 
and could impair the effectiveness of disease control to limit the spread of the dis-
ease and therefore directly affect the efficacy of the surveillance itself. Moreover, 
quick sale of remaining live or even sick animals in an infected premise could also 
be observed and represent an alternative way to disease declaration and official 
reporting within the surveillance system (Fig.  7.4) [24]. A study performed in 
Vietnam combining social network analysis and participatory approaches has high-
lighted some of the rationale behind these kinds of practices: (1) producers limit 
their economic losses and, above all, recover part of their investment faster than the 
compensation proposed by the government following a declaration; and (2) this sec-
tor is favored by the opacity of private commercial networks, little traceability, and 
few controls. This type of alternative is more limited in settings where animal pro-
duction is part of a quality product value chain. These elements highlight the impor-
tance of the level of structuring and quality of the production and of the commercial 
sector on the detection and management of health risks [24].

7.4.2  The Importance of Economic Impact, Trust, 
and Cultural Issues

Studies on the acceptability of the surveillance system, mixing qualitative and quan-
titative methods, have shown that animal producers often face significant delays 
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before receiving compensation for animals slaughtered during a declaration and 
thus being able to either restock or repay their debts [20] (Part III). These deadlines 
are often linked to the complexity of administrative procedures, to issues of con-
flicts of interest of the actors involved in the declaration procedures but also to trust 
issues between public and private actors of the surveillance system. These aspects 
could vary between different settings but could be observed in high- and low- to 
middle-income countries [1, 26], and these differences are closely linked to the dif-
ferences in the structure of the veterinary services that set the basis for the surveil-
lance system structure.

In Thailand, cockfighting is a very important cultural, economic, and political 
practice. There is a strong contradiction between the valuation of fighting cocks and 
the compulsory slaughter measures in the event of a declaration of a case of HPAI. In 
this sense, there is a major distrust of practitioners and breeders of cockfighting with 
the surveillance system as well as a major responsibility of the breeder who declares 
with their community of interest [20]. In a similar way, Pham et al. have shown that 
pig producers in Vietnam were more concerned with the slaughtering of their saws, 
resulting from years of genetic selection, rather than on the level of compensation 
for culling of their valuable animals when it comes to swine disease declaration in 
their facilities [27].

7.4.3  The Impact on the Market of a Declaration of Cases 
of Diseases and Risks of Stigmatization of the Actors

In the event of illness, the dissemination of information via the authorities, collec-
tors, or the media has a direct impact on the animal sales chain, leading to a fall in 
prices and significant economic losses, including for breeders not affected by the 
disease [15, 18]. The declaring breeder thus takes significant responsibility vis-à-vis 
other breeders in his community and/or his network of commercial interest, which 
could lead to his stigmatization. This reluctance of breeders to harm their networks 
is difficult to apprehend by conventional approaches and requires the use of experi-
mental econometric methods as described in Part III of this book.

7.5  Conclusion

The use of qualitative methods, especially participatory approaches in the evalua-
tion of animal health surveillance systems, has emphasized the fact that socioeco-
nomic and cultural constraints impact the decision of the actors of the surveillance 
system to declare or not a case of illness. However, the origin and response to these 
constraints vary more according to specific socioeconomic and cultural contexts, 
than according to the level of development of a country. Similarities and differences 
are more strongly linked to the type and level of structuring of the production and 
development sectors of the livestock sector concerned. The feasibility of combining 
innovative methods presented in this book in varied epidemiological, 
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socioeconomic, cultural contexts, and targeting different systems and diseases high-
lights the great flexibility of participatory evaluation and the added value of qualita-
tive methods as part of the evaluation process.
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Abstract

Surveillance systems rely on a network of stakeholders who share information. 
Socioeconomics factors have an influence on their decision to share or not the 
information within the system. Those factors are rarely taken into consideration, 
especially in the evaluation of surveillance systems.

Participatory approaches derived from social sciences have proven useful to 
take these factors into account and have been adapted over the past 15 years to 
the context of health surveillance system evaluation. The “AccePT” (Acceptability 
Participatory Toolkit) method based on participatory approaches has been devel-
oped to assess the acceptability of surveillance systems. The method takes into 
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consideration the adequacy of objectives and operation in the system for the 
stakeholders, the satisfaction of their roles, and their level of trust within the 
system. This approach allows stakeholders to freely discuss or think about how 
they experience working or not working with other partners, and to provide 
context- based recommendations taking into consideration their perceptions, 
expectations, and needs.

Keywords

Epidemiological surveillance · Evaluation · Acceptability · Participatory 
approaches

8.1  Introduction

Surveillance systems in animal health were established during the twentieth century 
following the increase in international trade in live animals and animal products that 
contributed to the spread of diseases between countries. These complex strategies 
are put in place to monitor the progress of diseases and to facilitate their control [1]. 
They respond to public health issues, by protecting human populations from zoo-
notic risks; to economic issues, by maintaining the national herd and access to inter-
national trade; and also to biodiversity-related issues by ensuring the protection of 
threatened species. Animal health surveillance systems are decision support tools 
defined by “the systematic and continuous operations of collection, compilation and 
analysis of animal health information, as well as their dissemination within a time-
frame compatible with the implementation of necessary measures” [1]. The infor-
mation produced by surveillance systems supports decisions on what measures are 
appropriate, including prevention, control, and research. Animal health surveillance 
is carried out by a variety of stakeholders, involved at different scales, organized as 
networks of actors. Information such as epidemiological data and decisions on dis-
ease control measures and animal health management must flow in a multidirec-
tional manner in these networks. Dissemination of information is thus an essential 
element that determines the motivation of a large number of surveillance actors [2].

Surveillance systems have certain limitations that influence their performance in 
accurately describing the epidemiological situation of a given population. These 
limitations are related to underreporting, reporting delays, lack of data management, 
limited representativeness, or imposed budgetary constraints [3]. It is fundamental to 
evaluate these systems regularly and appropriately to ensure their performance, but 
also to determine whether the relevant stakeholders are fully engaged and the 
resources provided are used optimally. Current evaluation approaches are generally 
not very flexible and do not always consider the context in which the surveillance 
system is implemented [4–7]. The socioeconomic aspects of surveillance are also 
poorly considered despite their impact on surveillance performance [8, 9].
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8.2  Importance of Sociological and Economic Factors 
in the Surveillance System Performances

The proper functioning of surveillance systems depends on technical and eco-
nomic operating constraints as well as social issues generated by the networks of 
actors involved [10, 11]. The design of more effective and efficient surveillance 
systems, as well as their evaluation, requires the application of innovative meth-
ods and tools accounting for the perceptions, expectations, and needs of the dif-
ferent actors.

To be functional, epidemiological surveillance must be based on a network of 
actors who share common (or at least compatible) interests, derive mutual benefit 
from the network operations, and have a common understanding of the circulating 
information. In other words, these actors must share a common perception of the 
disease to be monitored and give the same definition of what is a reportable case. 
Social factors can have important consequences on the validity and the performance 
of the surveillance strategies, in particular with regard to the problems of stigmati-
zation of individuals or of a social group. It is therefore necessary to be inclusive of 
the multiple actors—breeders, veterinarians, consumers, traders—who contribute, 
more or less autonomously, in the management of risks and crisis situations associ-
ated with the emergence of diseases. Therefore, the inclusion of a social dimension 
not only aims to identify the human factors that promote the circulation of health 
information, but also supports the definition of the modalities of risk 
co-management.

Participatory approaches derived from social sciences have proven useful over 
the past 15 years to integrate social factors into the evaluation of health surveillance 
system [6, 7, 12–15]).

8.3  Advantages of Using Participatory Approaches 
in the Evaluation Process

Participatory approaches have been initiated in Southern countries with the aim of 
responding to development issues facing local communities. After being applied to 
many areas such as natural resource management or agriculture, participatory 
approaches began to be applied to veterinary epidemiology in the 1980s [16, 17]. 
Participatory epidemiology (PE) is often used for animal health surveillance in 
developing countries, where the human and financial resources of veterinary ser-
vices are limited. This method essentially makes it possible to collect qualitative or 
semiquantitative data on animal health and disease occurrence. It has been applied 
in animal disease surveillance in Africa (notably in the rinderpest eradication pro-
gram) and Asia [18]. PE could be defined as social sciences applied to health data 
collection and disease control. It requires interactions between stakeholders and 
focuses on the understanding of local priorities [12].
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Based on local and traditional knowledge, these methods actively involve grass-
roots stakeholders, mainly herders (key actors in disease reporting) to collect infor-
mation on the health situation [17]. They can be applied in addition to conventional 
surveillance methods in the identification of field clinical cases that are not detected 
by passive surveillance systems if the cases can be confirmed by specific biological 
tests [19–21]. Their main advantages are to increase ownership of the stakeholders 
in the surveillance system and to increase sustainability of surveillance by relying 
on formal and informal stakeholder networks [12].

We have applied these approaches to the evaluation of surveillance systems in 
animal health in South East Asia and Europe (cf. case studies) [6, 7, 14, 22, 23]. 
Evaluation processes have been used in many areas, including program, perfor-
mance, and policies evaluations. Evaluators often find themselves faced with the 
resistance of actors to engage in evaluation processes, which is perceived as a form 
of judgment [24, 25]. In order to improve the design and implementation of evalua-
tions, but also to optimize the use of results in decision-making, it is important to 
pay particular attention to stakeholders and to involve them early on in the process 
[26]. We therefore propose to shift from a top-down approach, in which no consulta-
tion processes are used, to more participatory approaches. Participatory approaches 
can provide the necessary flexibility for evaluation in different context and allow the 
collection of complementary and essential information on the socioeconomic 
aspects of surveillance. This process should enable discussion, communication, 
negotiation, knowledge sharing, and should provide a strong basis for the common 
identification of socially acceptable solutions. Participatory evaluation leads to 
stakeholder empowerment in the process, which could improve the sustainability of 
surveillance systems.

8.4  Application of Participatory Methods to Surveillance 
System Evaluation

8.4.1  The AccePT Method to Assess Surveillance 
System Acceptability

Calba et al. [27] have developed a method to estimate the acceptability of animal 
health surveillance systems based on the use of participatory approaches: the 
Acceptability Participatory Toolkit (AccePT). This method combines a series of 
participatory tools used with stakeholders to measure (i) their perception of system 
objectives, (ii) their perception of the monitoring process (their role, constraints, 
and relationships with other actors in the system), and finally (iii) their confidence 
in the system; three essential elements for the acceptance of the surveillance system 
by its actors [3, 7, 14].

This method was applied to a pilot study on surveillance of porcine pests in 
Corsica [6, 7] with the aim of determining the applicability of participatory pro-
cesses in a developed country context with various actors and to test the methodol-
ogy in the field. It was subsequently applied to the surveillance of bovine tuberculosis 
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in Belgium [14] and to evaluate the acceptability of a multistakeholder wildlife 
health surveillance network in Cambodia [23].

8.4.1.1  Definition of the Acceptability of a Surveillance System
Acceptability refers to the willingness of individuals and organizations to partici-
pate in surveillance, as well as the extent of involvement of each of these users 
[28]. This attribute of evaluation is considered to be one of the main qualities of 
surveillance by the United States Center for Diseases Control and Prevention 
(CDC) [29].

Health surveillance systems are composed of a broad range of stakeholders, and 
they all have different responsibilities toward, different perceptions of, and different 
ways of thinking about the surveillance system. Therefore, one of the biggest chal-
lenges within the system is to bring every one of them to a position of mutual inter-
est. Stakeholders’ willingness to support the system, their satisfaction of the 
operation, and of their own roles are strong pillars to an effective surveillance sys-
tem [23].

In order to limit underreporting, it is crucial to determine the stakeholders’ per-
ceptions and expectations regarding surveillance, and thus their level of acceptabil-
ity. This attribute is all the more important as it can influence the performance of the 
surveillance system, for example, by influencing the sensitivity and responsiveness 
of the system [15].

Despite this, this attribute is not always measured or when it is, the methods used 
(e.g., structured questionnaires) do not always make it possible to highlight the 
points of view and expectations of the actors [3].

The different elements considered in estimating the acceptability of surveillance 
systems as well as the questions and participatory tools to document them are 
detailed in Table 8.1. This approach allows participants to consider and discuss their 
experience working with other stakeholders, identify potential issues doing so, and 
possible solutions.

8.4.1.2  General Method Flow
The AccePT method consists of individual face-to-face interviews or focus groups 
of 5–10 participants. Focus groups are preferred because they allow participants to 
share their experiences and compare their points of view. Their strength lies in the 
establishment of a debate until a consensus is reached. Any type of stakeholder 
involved in the surveillance system targeted by the evaluation should be involved in 
this participatory process (e.g., breeders, veterinarians, laboratories, government 
departments, etc.). The selection of participants will depend on the willingness of 
the actors to take part in the study. Moreover, participants should not combine actors 
with different experience of the system in one focus group discussion where they 
are required to produce only one combined ranking even though they play in the 
same position. Best to separate them into groups with the same experience and 
knowledge of the surveillance system, that way will help to maintain the discussion 
and experience sharing without compromising the assessment goal. We should 
avoid situation where actors are required to discuss or rank stakeholders that they 
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have not worked with. Some participants that hold high position in the government 
might struggle to provide direct response to the interview. In this case, interviewer 
needs to be mindful of these biases and be prepared to handle the interview at the 
best of his possibility. It is also essential to obtain approval from the local ethics 
committee and obtain informed consent from each participant before conducting 
interviews. In addition to representing large categories of stakeholders, caution 
should be exercised in the selection process to not inadvertently exclude important 
groups of individuals in a way that would bias the outcomes (e.g., different ethnic 
groups, size of the breeding operation, the membership to hunter association, etc.). 
Indeed, the perception of the surveillance system may vary depending on these ele-
ments. The interviews are set up following several steps that are the same for indi-
vidual interviews and focus groups. Each interview begins with an introduction of 
the participants, the facilitator, and evaluation team, the project and its objectives, as 
well as the outline of the interview. Following this introduction, the various tools are 
used, and results are summarized at the end of the meeting. Finally, the participants 
are thanked and informed of what feedback they will receive following the result 
analysis.

8.4.1.3  Presentation of the Tools

Relational Diagrams and Rating Smileys
Relationship diagrams are used to identify the professional network of participants 
and to define the interactions between them. With this tool, participants are introduced 
to the evaluation process and asked to qualify their professional relationship with 

Table 8.1 Considerations for measuring the acceptability of a surveillance system, associated 
participatory questions, and tools

Elements Question Participatory tools
Objective Is the objective of the surveillance system 

in line with the objective expected by the 
actors of the device?

Flowchart diagram

Process
Role of each actor Are stakeholders satisfied with their duty 

within the surveillance system?
Flowchart diagram

Consequences of 
information flow

Are stakeholders satisfied with the 
consequences of information flows?

Impact diagram associated 
with proportional piling

Relations between 
actors

Are actors satisfied with the relationships 
they have with other actors involved in the 
system?

Relationship diagram 
associated with rating 
smileys

Trust
In the system Do the actors trust the surveillance system 

to achieve the objectives?
Flowchart diagram 
associated with 
proportional piling

In the other actors Do actors trust other actors involved in the 
scheme to fulfill their role in surveillance?

Flowchart diagram 
associated with 
proportional piling
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other actors on a 3-point scale: insufficient, sufficient, or more than necessary rela-
tionship. The activity does not focus exclusively on relationships within the surveil-
lance network, but extends to other professional relationships participants may have 
outside the network (Fig. 8.1). Once the chart has been developed, the next step is to 
determine the level of participant satisfaction with the relationships with each member 
of their professional network. Colored game tokens, with graded smiley face on one 
side, are used on the diagram, representing five levels of satisfaction: very unsatisfac-
tory, unsatisfactory, moderately satisfactory, satisfactory, very satisfactory. The goal is 
to place one and only one smiley per actor or organization identified (Fig. 8.1).

Flow Diagrams Associated with Proportional Piling
Flow diagrams are used to determine participants’ perceptions of the flow of infor-
mation within the surveillance system, for instance, the reporting of a suspected 
case of the disease under surveillance. This exercise facilitates the identification of 
the different paths that this information can take, whether official or informal. Once 
participants have completed the diagram, the proportional piling method is used to 
estimate their level of trust. This tool is applied in two stages: the first stage provides 
an estimate of the trust participants have in the surveillance system, the second stage 
assesses trust between actors of the network. Participants are asked to allocate 100 
game tokens in two piles in order to highlight the trust they place in the functioning 
of the whole surveillance (the higher the number of tokens, the greater the trust). 
Then, in a second step, to distribute these tokens among the various actors identi-
fied, according to the same principle (Fig. 8.2).

Impact Diagrams Associated with Proportional Piling
Impact diagrams are used to determine participants’ perceptions of the positive and 
negative impacts of a particular event and to document the consequences that 

Stakeholder E

Stakeholder D

Not enough

Enough

More than necessary

Very unsatisfactory

Unsatisfactory

Medium

Satisfactory

Very satisfactory

Stakeholder C

Stakeholder A

Stakeholder BParticipant(s)

Fig. 8.1 Schematic representation of a relationship diagram associated with rating smileys 
(AccePT method)
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participants directly experience. In our case, the specific event is a suspicion of the 
disease under surveillance.

Once the diagram has been constructed, the participants will again use propor-
tional piling in two stages: first, they are asked to divided 100 game tokens between 
positive and negative impact to weight them, then in a second step to distribute each 
pile of token between the different impacts that have been identified by the partici-
pants (Fig. 8.3).

Stakeholder E

Stakeholder D

Stakeholder C

Stakeholder A

Stakeholder B

Fig. 8.2 Schematic 
representation of a flow 
diagram associated with 
proportional stacking 
(AccePT method) 
(arrows = relation between 
actors; dots = level of trust; 
the increase in dots 
represent increase in trust 
level)

Impact Impact
+–

SUSPICION

Impact ImpactImpact

Fig. 8.3 Schematic representation of an impact diagram associated with proportional piling (dots; 
the highest number = the highest value)
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Analysis and Presentation of Results
The results of the Acceptability Estimate are based on the analysis of all the discus-
sions that took place between the participants during the interviews, the diagrams, 
and the semiquantitative data obtained from smiley scoring and proportional piling.

The analysis is carried out initially for each individual interview and each group 
discussion. An evaluation grid has been developed presenting scoring criteria based 
on a semiquantitative scale with the following score according to the different ele-
ment of acceptability index: “unsatisfied = −1, medium = 0, satisfied = 1” for their 
satisfaction level in the objective, the operation and the information within the sys-
tem; “weak = −1, medium = 0, good = 1” for their level of trust. Proportional piling 
analysis was based on the way that participants divided 100 counters between nega-
tive and positive impacts. Based on the scoring guidelines, the scores were then 
categorized into three levels such as weak [0; 33], which is equal to score −1, 
medium [33; 66], which is equal to score 0, and good [66; 100], which is equal to 
score 1. The results can be presented in different formats: by type of actor, by level 
of surveillance (local, regional, national) or by element of acceptability, or even by 
the combination of these different elements (Fig. 8.4).

The qualitative data collected during the interviews also includes valuable infor-
mation for improving the surveillance system. In fact, interviews allow participants 
to discuss their points of view, expectations, and experiences, which are essential 
for improving surveillance. Follow-up events to discuss the outcome of the perfor-
mance evaluation may be very valuable to further discuss the findings and involve 

Level of acceptability

Medium
Mean

HighLow

–1 –0,5 0 0,5 1

Hunters

Farmers

Laboratory

Private veterinarians

Forest rangers

Official veterinary services

Wildlife coordinator

Fig. 8.4 Example of representation of the results of the estimation of the acceptability by the use 
of the AccePT method (case of the surveillance of bovine tuberculosis in Belgium)
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additional actors who have not taken part in the process but who may be impacted 
by the results and the recommendations.

8.4.1.4  Benefits, Limits, and Outlook
The AccePT method is a standardized method for estimating the acceptability of epi-
demiological surveillance systems in animal health taking via participation of the 
diversity of actors involved in the network. By using different participatory tools and 
analyzing the results in the form of a scoring grid, it is possible to determine a general 
level of acceptability of the system, as well as a level of acceptability by type of actors.

The use of this method makes it possible to formulate recommendations that are 
context-specific, and most of which can be directly formulated by the participants. 
It also leads to a better acceptability of the evaluation thanks to the direct involve-
ment of the actors in the process. It offers the opportunity to clearly document the 
general context of the surveillance and the structure of the surveillance system. It 
contributes to strengthening the ownership of the stakeholders in the system and 
provides capacity-building opportunities regarding specific diseases or epidemio-
logical surveillance generally.

Implementing the AccePT method, however, requires specific training in the use 
of participatory approaches. In addition, there are substantial time requirements 
related to the organization of interview sessions, participant recruitment, interviews 
facilitation, and analysis of the results. Biases related to semistructured interview 
approaches can also influence the outcomes and further justify the need for appro-
priate training in participatory approaches. The organization of the different focus 
group should be organized very early in the process of evaluation in order to target 
homogenous group to avoid power relationships within interview groups and ensure 
participants freedom of expression during sessions. Cultural factors, such as the 
tendency to avoid conflict at all cost and also not wanting others to lose face, may 
significantly influence the dynamic during interview sessions. Some participants 
may not want to be seen as being too negative toward other partners and may bias 
their scoring toward the least conflictual options. Particular care should be used to 
mitigate the influence this may have on the scoring process.

There is a potential for participatory epidemiology to be valuable in the evalua-
tion of other attributes, such as communication, stability, representativeness, or 
training provision. These methods could also be used for different issues, such as 
impact studies of research projects or “One Health” projects (see Chaps. 9 and 16).

The three cases studies presented below confirmed the interest of using these 
approaches to better identify the actors involved in the operation of surveillance 
beyond the official system and to specify their roles:

• Take into account stakeholders’ perceptions/expectations and thereby improve 
understanding of the system; issue context-dependent recommendations; better 
understand the organizational and functional attributes.

• Involve stakeholders directly in the evaluation process, thus identifying potential 
bottlenecks, ensuring greater acceptability of the evaluation process itself, and 
fostering the sense of ownership of the system.

• Indirectly generate key information related to the general context and external 
factors.
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8.5  Case Study 1: Application of Participatory Approaches 
to Evaluate Avian Influenza Surveillance in Vietnam

Participatory approaches were applied in a pilot study to evaluate avian influenza 
surveillance system in Vietnam [30]. The objective of the study was to estimate the 
performance of the passive reporting system of avian influenza in Luong Dien 
Commune (located in Cam Giang District, Hai Duong Province) in Vietnam. The 
specific objective was to assess the occurrence and reporting of sudden death in 
poultry. The underlying hypothesis was that sudden death is occurring in the com-
munity, but is not always reported. The study was conducted in 2012, in three vil-
lages of the commune of Luong Dien, Province of Hai Duong, in the Red River 
Delta of North Vietnam (about 50 km West of Ha Noi). Individual and focus group 
interviews of local authorities, veterinarians, and farmers were conducted (n = 160 
participants) to understand how health information was shared in case of high poul-
try mortality. Participatory tools such as proportional piling, matrix scoring, map-
ping, transect walks, Venn diagrams, flow diagrams, seasonal calendar, and disease 
impact matrix scoring were also used to help in characterizing the system.

The flow of information sharing varied according to the mortality levels observed 
and those thresholds were defined locally (Fig. 8.5). If poultry mortality was higher 
than what was considered as the “normal” situation (>10–15% mortality in the vil-
lage overnight), farmers would directly ask advice from private drug and/or veteri-
narian drug sellers. In case of higher mortality (>30% in the village overnight), the 
event was considered as “epidemic” by the farmer who would inform the village 
and/or the commune veterinarian for advice (do they need to slaughter the poultry?) 

Inform

Inform

inform if
mortality >50%

inform if
mortality >30%

Farmer

3.Trader

inform if
mortality
>10-15%

inform and
control

District
Veterinary
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1. District
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veterinarian

4. Commune
veterinarian

Commune
authority

Community
(village)

2. Neighbours
Village Chief

Advise,
provides
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Talk to

Talk to
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Fig. 8.5 Health information flow of avian diseases at local and intermediate scales in North Vietnam
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and investigation. If the village or commune veterinarian considers that the mortal-
ity rate is too important to be manage locally (>50% in the village overnight), he 
will inform the official district veterinarians by sending an official letter when (con-
sidering that there is a risk of H5N1). In this case only, the official surveillance 
network is activated and the control measures are deployed. This pilot work high-
lighted two important aspects: (i) the definition of an HPAI suspicion case will vary 
according to the local situation and is far less sensitive than the official system case 
(>5% of sudden mortality); and (ii) the reporting system at local level does not fol-
low the “vertical” path of the official passive surveillance system but rather a “hori-
zontal” one for reasons of efficiency, speed, and simplicity; the farmers are looking 
for quick and nonbinding solutions to the health problems facing him and preferen-
tially turn to local providers of veterinary services (pharmacies, suppliers of inputs). 
According to the same logic, the official veterinary services can be contacted, but 
personally, as private service providers.

Compared with traditional surveys based on the use of directed questionnaires 
and a priori sampling of actors, the use of participatory approaches allowed

• To identify some key actors in the surveillance system that were not mentioned 
in traditional surveys (e.g., drug vendors and veterinary food wholesalers).

• To clarify the role of the actors in the official system, which is certainly predomi-
nant in the exchange of health information but essentially in a private capacity 
(public veterinarians all have a liberal activity) and this type of information does 
not therefore follow the official path of notification of sanitary incidents.

This pilot work was subsequently validated and extended as part of Delabouglise 
et al. work (cf. Chaps. 6 and 11; Delabouglise reference papers).

8.6  Case Study 2: Evaluation of the Acceptability 
of Classical Swine Fever Surveillance System 
in Germany

The AccEPT method was used for the evaluation of the classical swine fever (CSF) 
surveillance system in Germany, where analysis of the monitoring process by the 
OASISTrop tool had revealed significant limitations in acceptability of the system 
by its actors [22]. In an attempt to enhance the system’s sensitivity and representa-
tiveness, four new monitoring components were designed and compared to the cur-
rent surveillance strategy. Only the passive component in place and one alternative 
component (selection of samples based on the age of the animals) have proved to be 
acceptable to the hunters, actors at the source of the data of the system (Fig. 8.6). 
This study highlighted the importance of considering this attribute in the selection 
of surveillance strategies adapted to the actors to ensure its implementation in the 
field and improvement of the system.
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8.7  Case Study 3: Evaluation of the Acceptability of a Pilot 
Multistakeholder Wildlife Health Surveillance Network 
in Cambodia

The AccEPT method was used for the evaluation of the pilot wildlife health surveil-
lance network in Cambodia, established by WCS under the EU-funded LACANET 
project. The general objective was to understand the level of stakeholders’ willing-
ness to cooperate and to keep their support to the surveillance system. For the total 
scoring, it can be seen that the participants were satisfied with the system objective, 
system operation, their own role with the system, relations between stakeholders, 
and had trust with the system (Table 8.2).

However, if we look in detail at the scores between the different stakeholders we 
can identify some different levels of satisfaction among them:

• Collaboration between the two wildlife rescue centers was highlighted as impor-
tant and needed, but mechanisms of efficient dialogue between them still need to 
be established.

• Provincial animal health agents do not know much about the pilot WHSS and are 
still reluctant to engage with wildlife health problems in some sites.

Weak

–2

50% passive and 59 active

–1 0 1 2

Medium High

All passive Quarterly 59 sub-adults Currently implemented

Fig. 8.6 Level of acceptability of different PPPC surveillance strategies in Germany. (From 22]
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• Local authorities are recognized as key partners for wildlife health surveillance. 
However, field agents in most sites have issue to establish sustainable and effi-
cient collaboration with local authorities because of the lack of direct benefit for 
them (no clear reward or compensations identified).
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Abstract

In line with the One Health concept, international organizations and the scientific 
community are strongly supporting the implementation of multisectoral surveil-
lance systems in an attempt to improve the management of health hazards at the 
human–animal–environment interface. Such surveillance systems call for the 
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establishment of collaboration across sectors and disciplines that must be evalu-
ated to ensure they are appropriate and functional to produce the expected results. 
In this context, we have developed a tool, ECoSur (Evaluation of Collaboration 
for surveillance), to evaluate the organization, functioning, and functionalities of 
collaboration taking place in a multisectoral surveillance system. ECoSur relies 
on 22 attributes characterizing the organization of collaboration at the gover-
nance and operation level and nine attributes referring to core functions of col-
laboration to ensure the sustainable operation of an effective multisectoral 
surveillance system. Along with these attributes, three indexes allow for the char-
acterization of the organization of collaboration at a macro level according to 
three processes: management, support, and operation. Attributes are evaluated 
based on the scoring of criteria that contribute to their definition. Once scores are 
captured in a spreadsheet, evaluation results are automatically generated. Their 
interpretation supports the identification of strengths and weaknesses of collabo-
ration and the formulation of recommendations for its amelioration.

Keywords

Collaboration · Evaluation · Multisectoral · One Health · Surveillance

Most of the health hazards are complex and need to be addressed with a holistic 
approach to better apprehend them [2]. When it comes to surveillance, many multi-
sectoral surveillance systems are being developed under the One Health paradigm, 
with the strong support of governments and the scientific community [3]. To create 
relevant multisectoral surveillance systems, collaboration needs to be established or 
strengthened across relevant sectors, professions, disciplines, and decision-making 
scales. However, there is no single organizational model for multisectoral surveil-
lance system and collaboration must be consistent with the collaborative context 
and objective(s) to be effective and sustainable [4]. Furthermore, there is no clear 
evidence that performance and cost-effectiveness of surveillance is directly propor-
tional to the level of integration achieved in a multisectoral surveillance system [5]. 
Finally, collaboration is time and resource consuming, and needs to be properly 
designed and organized to ensure stakeholders’ commitment in the long term [6]. In 
this context, the ECoSur tool (Evaluation of Collaboration for Surveillance) allows 
for the evaluation of the quality and appropriateness of multisectoral collaboration 
through an in-depth analysis of its organization and functions. The final purpose is 
to assess if collaboration as planned and implemented is relevant and functional to 
produce the expected collaborative outputs and to identify its strengths and weak-
nesses to formulate recommendations for its improvement.

By collaboration we mean interactions between actors operating in different sur-
veillance components and that have been established to improve the surveillance 
value, mainly in terms of performance and cost-effectiveness, in such a way that the 
outputs of the surveillance would not be possible without collaboration.

M. Bordier et al.
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ECoSur can be used independently if there is a need to focus on collaboration 
only or combined with existing evaluation tools for an overall assessment of the 
multisectoral surveillance system.

9.1  The Conceptual Approach Behind the Development 
of the Tool

The basic principle behind the development of this tool is that, for multisectoral 
surveillance systems to be functional and sustainable, collaboration must be planned 
and organized at three levels:

• The policy level, where the collaborative strategy is stated.
• The strategy describes the desired goals of developing collaboration for surveil-

lance and the course of actions to achieve those goals. It also covers the desired 
multisectoral organizational model and the areas of action of the main stakehold-
ers within this organization. The strategy may be described in various documents 
depending on the legal tradition of the country, and on who developed it (govern-
ment, academia, professional organizations, etc.). These can be policies, strate-
gies, memorandums, laws, etc. Such documents are developed at a high political 
level when it comes to official surveillance. The collaborative strategy for sur-
veillance can be described in a stand-alone document or in an overarching docu-
ment (control program for a specific health issue, national One Health 
strategy, etc.).

What ECoSur is not doing:

 – This tool does not consider collaboration between actors operating in the 
same surveillance component.

 – This tool does not evaluate the overall performance of the multisectoral 
surveillance system itself; however, the evaluation of certain collaborative 
attributes uses data on sectoral surveillance components.

 – At this stage of development, this tool does not evaluate the impacts and 
cost of collaboration and so it does not intend to measure the relation 
between the quality of collaboration and the effectiveness of the multisec-
toral surveillance system.

 – The tool is not intended to measure the extent of integration achieved in the 
multisectoral surveillance system. The aim is to characterize the integra-
tion that the multisectoral surveillance system seeks to achieve, to assess if 
this integration level is coherent with the collaborative context and 
objective(s), and whether the collaborative activities implemented to 
achieve the intended integration generate the expected outputs.

9 Evaluation of Collaboration in a Multisectoral Surveillance System: The ECoSur Tool
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• The institutional level, where relevant collaborative modalities for the gover-
nance and implementation of surveillance activities are defined to achieve the 
desired goal of the strategy.

• The collaborative modalities for the governance are described in terms of steer-
ing and coordinating mechanisms as well as of scientific and technical support. 
The collaborative modalities for the operation are usually expressed in terms of 
area of collaboration (i.e., the steps of the surveillance process where collabora-
tion is implemented) and degree of integration (i.e., the strength of collaboration 
for each area of collaboration). (See Table  9.1 for the possible collaborative 

Table 9.1 Possible collaborative modalities for the implementation of surveillance activities

Area of 
collaboration 
during the 
surveillance 
process Different degrees of integration

Surveillance 
protocol design

Undertaken by 
a single sector 
for all 
surveillance 
components

Undertaken 
separately in 
each sector 
and then 
cross-sectoral 
consultation to 
seek for 
synergies

Cross-sectoral 
consultation 
and then 
undertaken in 
each sector

Undertaken 
jointly by 
the different 
sectors

Undertaken 
by a 
multisectoral 
body for all 
components

Data collection
(sampling, 
laboratory 
testing)

Undertaken by 
a single sector 
for all 
components

Harmonization 
across sectors 
but undertaken 
separately

Joint activities 
across sectors

Undertaken 
by a 
multisectoral 
body for all 
components

Data storage 
and 
management

Undertaken by 
a single sector 
for all 
components

Harmonization 
across sectors 
but undertaken 
separately

Joint activities 
across sectors

Undertaken 
by a 
multisectoral 
body for all 
components

Data sharing Exchangea of 
raw data 
(partial or 
complete) for 
unusual events 
only

Exchangea of 
all raw data 
(partial or 
complete) at a 
low frequency

Ongoing 
exchangea of 
all data (partial 
or complete)

Data analysis 
and 
interpretation

Undertaken 
separately 
(with or 
without 
cross-sectoral 
harmonization) 
and then 
compared by a 
single sector

Jointly 
undertaken by 
a single sector 
for all 
components

Undertaken 
separately 
(with or 
without 
cross-sectoral 
harmonization) 
and then 
compared by 
the different 
sectors

Undertaken 
jointly by 
the different 
sectors

Undertaken 
by a 
multisectoral 
body for all 
components
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modalities in a multisectoral surveillance system.) The modalities are usually 
described in implementing texts, such as regulations, agreements, or charters.

• The operational level where surveillance activities are implemented to ensure the 
routine operation of the collaborative modalities.

• These activities are conducted at the ground level by surveillance actors to make 
the collaboration happen. They are usually supported by operational procedures.

Figure 9.1 describes the three levels of collaboration.
The three levels of collaboration must be clearly formalized and endorsed by 

stakeholders and be relevant to each other. Collaboration for surveillance is gener-
ated by stakeholders’ expectations regarding the multisectoral surveillance system 
and is under the influence of a broad range of contextual elements, such as socioeco-
nomic and epidemiological factors, international guidance, and sectoral surveil-
lance capacities. Collaborative activities throughout the surveillance process lead to 
the production of outputs (harmonization of methods, comparison of data, on-time 
results sharing, etc.) that must meet the collaboration’s objective and purpose.

Table 9.1 (continued)

Area of 
collaboration 
during the 
surveillance 
process Different degrees of integration

Results sharing Exchangea of 
results (partial 
or complete) 
for unusual 
events only

Exchangea of 
all results 
(partial or 
complete) at a 
low frequency

Ongoing 
exchangea of 
all results 
(partial or 
complete)

Dissemination 
to 
decision- makers

Joint 
dissemination 
in separate 
sectoral 
activities

Undertaken by 
a single sector 
for all 
components

Undertaken 
jointly by the 
different 
sectors

Undertaken 
by a 
multisectoral 
body for all 
components

Communication 
to surveillance 
actors and 
end-users

Joint 
communication 
in separate 
sectoral 
activities

Undertaken by 
a single sector 
for all 
components

Undertaken 
jointly by the 
different 
sectors

Undertaken 
by a 
multisectoral 
body for all 
components

Note: (i) Areas of collaboration do not always occur in this order depending on the collaborative 
modalities. For instance, if information is shared among sectors on an annual basis, it is more 
likely that data analysis and interpretation have been undertaken earlier within each sector, before 
sharing. (ii) We are only referring to the collaborative dimension related to sector; nevertheless, 
other dimensions can be present in these modalities
aOne-way or two-way exchange
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9.2  The Evaluation Process Used in ECoSur

To evaluate collaboration in a multisectoral surveillance system, attributes and 
indexes were defined as below:

 – A list of 22 organizational attributes that aims at evaluating core characteristics 
for the organization of collaboration for the governance and implementation of 
surveillance activities.

 – A list of nine functional attributes that aims at evaluating core functions of col-
laboration for an effective and sustainable multisectoral surveillance system.

 – A list of three organizational indexes that aims at evaluating organization of col-
laboration at a macro level.

The structure of the evaluation process is summarized in Fig. 9.2.
The level of satisfaction of these attributes and indexes is then measured using 74 

evaluation criteria, which are scored following a four-tiered scoring grid. The same 
criterion can be used to evaluate several functional attributes. On the contrary, each 
organizational attribute and index is evaluated with a set of specific criteria without 
any overlap.

The list and definitions of attributes and indexes, as well as criteria that support 
their evaluation, are available in the second sheet of the evaluation matrix 
(see below).

Socio-economic and epidemiologic context, regional and international guidance, sectoral
surveillance capacities

Influence

At the political level,
definition of the

collaborative rationale and
objective of collaboration

as well as of the
multisectoral organization
(including areas of action
of stakeholders involved)

in
coherence

with

The Ministry of Health and
the Ministry of Agriculture
have decided to collaborate
to decrease the burden of
rabies in human.

The bureau of animal health
in the Ministry of Agriculture
must report all positive
cases to the bureau of
zoonotic diseases in the
Ministry of Health, and vice-
versa. 

In each bureau, a
procedure is drafted to
describe clearly the process
of reporting cases: how,
who, when.

EXAMPLE

in
coherence

with

in coherence with in coherence with

in coherence with

in
coherence

with

COLLABORATIVE STRATEGY COLLABORATIVE MODALITIES
COLLABORATIVE

OUTPUTS
STAKEHOLDER
EXPECTATIONS

COLLABORATIVE ACTIVITIES

Influence

Influence

At the institutional level,
definition of collaborative
efforts for the governance

and operation of
surveillance activities, as

well as role and
responsibilities of actors

involved

At the operational level,
implementation of

necessary activities to
ensure the

implementation of the
collaborative modalities

Fig. 9.1 Conceptual framework for the organization and functioning of collaboration in a multi-
sectoral surveillance system. (Adapted from [7])
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9.3  The Structure of ECoSur

ECoSur is composed of four elements.

• A spreadsheet file, referred to as “Data collection file,” allows for the collection 
of preliminary information on all the different surveillance actors and compo-
nents of the multisectoral surveillance system being evaluated. It includes two 
sheets, one specific to the surveillance components and one to actors.

• A text file, referred to as “Data collection form,” allows a synthesis of all data 
describing precisely the governance and operation of collaboration in the 
 multisectoral surveillance system that will be used to score the evaluation attri-
butes. This form is divided into three sections: contextualization, governance, 
and operation of collaboration.

• A spreadsheet, referred to as “Evaluation matrix,” consisting of four dis-
tinct sheets:
 – The first sheet (“Criteria Scoring”) contains the scoring grid for the 74 evaluation 

criteria. Four grades are defined: Grade 3 indicates that the situation complies 
fully with the criterion while Grade 0 indicates a total absence of compliance. 
Grades 2 and 1 are intermediate grades depending on the level of compliance. In 
some cases, the value “Non-relevant” can be used if the criterion is not relevant to 
the multisectoral surveillance system under evaluation. A scoring guide was 
developed to describe the situation in which grades should be awarded.

 – The second sheet (“Attributes Indexes”) displays the list of attributes and 
indexes as well as the criteria contributing to their evaluation.

 – Once the scoring is completed in the first sheet, the third sheet (“Evaluation 
Results”) automatically produces three graphical representations of the evalu-
ation results. Different chart types help to differentiate easily the three levels 
of evaluation obtained: organization at a micro level, organization at a macro 
level, and functions.

The first display represents the evaluation results for the 22 organizational 
attributes (12 governance and 10 operational attributes). The result for 
each attribute can be visualized in a pie chart. Each colored area within a 
pie chart represents the attribute’s level of compliance regarding a nominal 
situation where all evaluation criteria score 3.

1. Evaluation of the organization and functioning of
collaboration in the multisectoral surveillance system

2. Evaluation of the key functions of collaboration for an
effective and sustainable multisectoral surveillance system

(9 attributes)

Evaluation of the collaborative
modalities for the governance of

collaboration (22 attributes)

Evaluation of the collaborative
modalities for the implementation of
surveillance activities (10 attributes)

Fig. 9.2 Structure of the 
evaluation process
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The second display represents the evaluation results of the indexes. Results 
of the three indexes are expressed as percentages of compliance of the situ-
ation as compared to a nominal situation where all criteria score 3.
The last display represents the evaluation results of the nine functional 
attributes on a spider chart. Results are expressed on a five-tiered scale, 
from A to E corresponding to the level of satisfaction for each core col-
laborative function. Grade A corresponds to a level ranging from 76 to 
100%, meaning that almost all criteria supporting the evaluation of the 
attribute scored 3, while grade E corresponds to 0%, meaning that they all 
scored 0. Grades B, C, and D are intermediate levels of satisfaction, repre-
senting ranges of 51–75, 26–50, and 1–25%, respectively.

 – The fourth sheet (“Calculation”) contains all the formula to obtain the scoring 
of attributes and indexes and displays the numerical results of evaluation for 
each of them. The same formula is used for all calculation: the sum of the 
grade awarded to the criteria contributing to their definition, divided by the 
sum of the highest score obtained by these criteria when the ideal situation is 
met (i.e., all criteria scored 3).

The development of the matrix is detailed in [7].
All documents related to the tools are free access at: https://survtools.org/wiki/

surveillance- evaluation/doku.php?id=quality_of_the_collaboration.
A summary of the structure of the tool is presented in Fig. 9.3.

Fig. 9.3 Summary of the structure of ECoSur

M. Bordier et al.
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9.4  The Application of ECoSur

ECoSur is meant to be applied by an evaluation team. It is recommended that the 
team members are not involved in the governance of the multisectoral surveillance 
system, meaning that they are not in charge of steering or coordinating sectoral or 
collaborative surveillance activities. Team members should be epidemiologists with 
at least one experimented in surveillance. At least one team member should be 
familiar with ECoSur while all others should follow a quick training prior the evalu-
ation exercise.

Along with the evaluation team, one or two stakeholders of the multisectoral 
surveillance system should be identified and involved in the whole evaluation pro-
cess. This will favor the acceptability of the evaluation process.

9.4.1  First Step: Defining the Evaluation Question 
and the Evaluation Boundaries

The aim of ECoSur is to answer the overall question: Is collaboration appropriate to 
produce the expected results in the given context?

However, the rationale and objective for conducting the evaluation might differ 
from a situation to another and should be clearly defined with stakeholders requiring 
the evaluation to adjust the evaluation process as well as the report’s format and 
contents.

Depending on the context, the boundaries of the surveillance system may be 
blurred, and the surveillance efforts might be spread across several components, 
operating independently or with very few connections. Additionally, some programs 
continuously collecting data about the hazard under surveillance may exist without 
being considered a surveillance component (e.g., monitoring programs). 
Consequently, it is highly important that the evaluation team defines the boundaries 
of the system under evaluation and the type of collection programs that will be 
included, and then adheres to this definition throughout the evaluation process.

Finally, in very complex systems with more than 20 components, some compo-
nents may be more connected than others, creating subsystems within the whole 
system. For certain attributes, it may be necessary to evaluate the entire system and 
then each subsystem independently. If this methodological approach is adopted, the 
evaluation team will have to set a clear scoring protocol to ensure consistency.

Before launching the evaluation process, it is recommended to organize a meet-
ing with the evaluation team and selected stakeholders to present the evaluation 
exercise and to agree on the evaluation objective and expected outputs. Stakeholders 
here consist of people initiating the evaluation and people involved in the sectoral 
and multisectoral governance mechanisms.

9 Evaluation of Collaboration in a Multisectoral Surveillance System: The ECoSur Tool
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9.4.2  Second Step: Collecting Data

A preliminary desktop study should be done to collect all necessary data to com-
plete the data collection file as much as possible, both the actors and components 
sheets, and the data collection form. This study can be completed with interviews of 
informants identified as having an extensive knowledge about the surveil-
lance system.

In the data collection file, notes at the top of each column provide guidance 
about the type of information expected. In the actors’ sheet, only information 
related to activities of the actor within the surveillance system under evalua-
tion must be captured. Be aware that some of the major actors of a multisec-
toral surveillance system may have no role in any given component within that 
system. For instance, some governance bodies may have been specifically 
established for steering or coordinating collaboration and may include actors 
who are not otherwise involved in any specific surveillance component. Some 
information may appear redundant between the actors and the components 
sheet, especially when it comes to the characterization of collaboration. 
However, filling information in those two sheets is helpful for the further scor-
ing of the criteria.

Some sections of the collection form do not collect additional information com-
pared with the one in the data collection file, but they provide the opportunity to 
summarize specific information necessary for the scoring of certain criteria, which 
will ease the scoring process.

It is recommended to start filling out the data collection file before the data col-
lection form. However, the data collection step is not linear and a back-and-forth 
process between the tables and the form will most realistically occur.

Once all the information available is captured in both the form and the file, a 
list of missing or unreliable information should be drawn up. Interviews with 
informants must be conducted to clarify and collect additional information. All 
the surveillance component coordinators should be interviewed. Additional 
informants to be interviewed depend on the multisectoral surveillance system 
under evaluation (including the rationale behind its establishment), the evalua-
tion context (time and resources allocated, evaluation objective), and the sought 
information. For instance, if the surveillance component relies on effective 
intermediate units, a representative sample of those should be interviewed (with 
regards to activity volume, local context, etc.). For passive surveillance compo-
nents, actors in charge of reporting positive cases (laboratories, medical practi-
tioners, farmers, etc.) should be also interviewed and their representativeness 
ensured.

The time required to complete this step is dependent on the evaluation team’s 
knowledge about the system, the availability and reliability of data in the literature, 
the number of surveillance components comprising the system, and the number of 
required interviews. It may take one or two weeks (full time) on average.
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9.4.3  Third Step: Scoring the Criteria of the Organizational 
and Function Attributes

To score the criteria, the evaluation team uses the first sheet of the evaluation matrix. 
For each criterion, evaluators analyze the information available in the data collec-
tion file and form and choose the most appropriate grade. To help evaluators in this 
process, the column “scoring guidance” indicates which information is useful to 
score the criterion. The grade is chosen in a concerted manner among the evaluation 
team and then entered in the cell of the spreadsheet named “grade.” The justification 
for selecting this grade is detailed in the adjacent cell. This justification is ultimately 
much more important than the grade itself and should be filled in carefully. It will 
then support the drafting of the report.

If the data collection form and file have been appropriately filled, the scoring 
process can be completed within the relatively short time of 2 days. However, if the 
surveillance is complex with many components involved, it can take more time as 
evaluation might be conducted both at the system and at the subsystems levels.

Tip:

 – It is advised that, where not all required elements for a grade are met, the 
grade below should be given in order that improvements be clearly notice-
able in the future.

 – There are 74 criteria to be scored in total. Each criterion is very specific in 
addressing a characteristic of collaboration at one of the different collabora-
tive levels, namely collaborative strategy, modalities, and activities. Evaluators 
should go through all the criteria once before starting the scoring to get an 
overview of the full process. This may help prevent them from evaluating at 
the wrong stage a characteristic that is addressed in a later criterion.

 – Some criteria address the collaboration only while others evaluate the mul-
tisectoral surveillance system as a whole (sectoral surveillance and col-
laborative efforts). Evaluators should clearly identify the evaluation level 
each criterion is considering when scoring.

Tip:

 – It is highly recommended to harmonize information captured in the differ-
ent columns of the data collection file, so filters can be applied and infor-
mation easily extracted for filling the data collection form.

 – It can be useful to map the system simultaneously as the information is 
retrieved to get a graphical representation of the interactions among actors 
and collaboration across components.
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9.4.4  Fourth Step: Interpreting Evaluation Results

Once the scoring is done, the spreadsheet will automatically produce three graphical 
outputs on the third sheet, which correspond to the evaluation results of the organi-
zational attributes and indexes, and functional attributes.

 – Output 1 provides the individual results of the 12 organizational attributes in 
independent pie charts. It allows the easy identification of the weak parts of the 
collaborative organization. Evaluators can refer to the second sheet of the matrix 
to track back the criteria that contribute to the scoring of each attribute. It helps 
to better understand the reasoning behind the scoring and to determine how the 
different criteria impact the attribute’s grade.

 – Output 2 displays the results of the organizational indexes in a single histogram. 
This graphical representation illustrates the level of satisfaction regarding the 
collaborative effort’s organization at a macro level, from the management, sup-
port, and operational points of view. The use of the histogram allows for the 
visualization of these three highly aggregated evaluation results at a glance and 
enables an easy comparison.

 – Output 3 shows the efficacy of the collaborative effort within the multisectoral 
surveillance system. It facilitates the analysis of the balance between the differ-
ent collaborative functions. It can help to identify the specific collaborative func-
tions that need to be strengthened to make the system more effective.

These outputs need to be analyzed and interpreted according to the justification 
of the scoring. They should support the identification of the strengths and weak-
nesses of collaboration and provide the foundation for drafting of recommendations 
for its improvement, if deemed necessary.

9.4.5  Fifth Step: Organizing a Workshop to Validate 
the Evaluation Results

Once the scoring has been completed and evaluation results interpreted by the eval-
uation team, a workshop must be organized with key actors of the multisectoral 
surveillance system under evaluation. Key actors might be coordinators of the sur-
veillance components or informants who were interviewed during the data collec-
tion step. The number of participants should not exceed 10 people to ease facilitation 
of discussion. The aim of this workshop is to discuss, revise if necessary, and vali-
date the scores, as well as the justification provided. On this basis, recommenda-
tions can be refined. To review all the criteria, the workshop will need to take one 
day, or one-and-a-half days if the system is large.
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9.4.6  Sixth Step: Drafting the Report

All evaluation results and recommendations should be released in a report drafted 
by the evaluation team. Evaluation results should always be communicated with 
relevant explanation and contextualization.
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Decisions regarding the implementation of prevention and intervention measures 
rely on the assessment through the analysis and interpretation of surveillance 
data of the epidemiological status of target populations or of focal units in target 
populations. Because they are generated through imperfect reporting, diagnos-
ing, sampling and testing processes, surveillance data are most of the time non- 
exhaustive, partially distorted and, sometimes, non-representative. Therefore, 
even when perfectly tailored response mechanisms are planned, ineffective sur-
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veillance can result in misjudging an epidemiological situation and adopting 
inappropriate intervention measures. There is thus a widely recognized need for 
effective animal health surveillance. In this chapter, we focus on the quantitative 
methods to evaluate the effectiveness of actual or potential surveillance pro-
grams, and their applications. We first introduce the different attributes that 
reflect surveillance effectiveness. We then briefly describe the methods available 
to assess these attributes by covering methods that rely on the statistical model-
ling of the data generated by surveillance programmes (data-based methods) as 
well as on methods that imply the formalization of the surveillance process 
through probabilistic, mathematical or simulation models (process-based meth-
ods). We finally discuss the relevance of these methods with regard to the type of 
evaluation (ex-ante, in-itinere, ex-post), the evaluation question (effectiveness 
evaluation, effectiveness optimization) and the objective of the surveillance pro-
gramme (early detection, case detection, freedom from disease, prevalence 
monitoring).

Keywords
Quantitative evaluation · Health surveillance · Effectiveness · Modelling · 
Surveillance systems

10.1  Introduction

To fight against animal diseases, resources must be allocated to surveillance, pre-
vention and intervention efforts that could otherwise be used for alternative pur-
poses [1, 2]. While the need for effective animal health surveillance is widely 
recognized for the management of animal health threats, investment is being con-
strained due to financial budget restrictions. Therefore, there is strong demand for 
frameworks that allow assessing the economic value of surveillance programmes 
that inform decision about investments for surveillance. Surveillance has been 
defined as the systematic measurement, collection, collation, analysis, interpreta-
tion, and timely dissemination of animal-health and welfare data from defined pop-
ulations essential for describing health-hazard occurrence and to contribute to the 
planning, implementation, and evaluation of risk-mitigation actions [3]. In other 
words, surveillance provides information for decisions regarding the implementa-
tion of interventions. Together surveillance and intervention achieve loss avoidance 
through the process of making the effects of disease less severe by avoiding, con-
taining, reducing or removing it—the outcome decision-makers are ultimately 
interested in [1].

Decisions regarding the implementation of prevention and intervention measures 
rely on the assessment through the analysis and interpretation of surveillance data 
of the epidemiological status of target populations or of focal units in target popula-
tions [1, 2]. Because they are generated through imperfect reporting, diagnosing, 
sampling and testing processes, surveillance data are most of the time non- 
exhaustive, partially distorted and also sometimes non-representative. As a 
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consequence, even when perfectly tailored response mechanisms are planned, inef-
fective surveillance can result in misjudging an epidemiological situation and 
adopting inappropriate intervention measures. There is thus a widely recognized 
need for effective animal health surveillance and thus for methods and tools to eval-
uate the effectiveness of animal health surveillance. In this chapter, we introduce the 
different methodological approaches to quantitatively assess surveillance effective-
ness and identify modifications in surveillance systems and strategies that can lead 
to effectiveness improvements. We start by presenting the surveillance system attri-
butes that are relevant with regard to effectiveness. Then we focus on approaches to 
assess effectiveness that rely on the analysis of the data produced by surveillance 
systems (data-based approaches). Finally, we cover approaches that use modelling 
of surveillance processes to assess effectiveness. Following this overview, the Chap. 
11 will focus on a specific innovative approach to quantitatively assess effectiveness 
of animal health surveillance: network modelling.

10.2  Surveillance Effectiveness

In broad terms, effectiveness can be understood as the ability of surveillance sys-
tems and strategies to reach their objectives. Because different systems can have 
differing objectives, the attribute best reflecting effectiveness will depend to a large 
extent on the objective of surveillance (see Part II). Four broad categories of surveil-
lance objectives are usually distinguished: (1) demonstrating that a population is 
free from a disease; (2) detecting the circulation in a population of an exotic, emerg-
ing or re-emerging disease; (3) identifying the cases of a disease in a population; 
and (4) assessing the prevalence and the distribution of a disease in a population 
where that disease is endemic:

 1. For systems aiming at demonstrating freedom from disease, effectiveness is the 
ability of the system to detect the disease in the focal population even when it 
circulates at a very low intensity. The most relevant attribute is then system-level 
sensitivity, which is the probability of detecting at least one case of the disease 
when the disease is actually present in the focal population at a (usually very 
low) prevalence level defined in the surveillance strategy and referred to as the 
“design prevalence”.

 2. For systems aiming at detecting the circulation in a population of an exotic, 
emerging or re-emerging disease following the introduction of that disease in the 
population, effectiveness is the ability of the system to detect as soon as possible 
the disease or the pathogen responsible for the disease following its introduction 
in the focal population. The related attribute is referred to as timeliness, which is 
the length of the time period between the introduction of the disease in the popu-
lation and its first detection by the surveillance system (also referred to as the 
high-risk period [4]).

 3. For systems aiming at identifying the cases of a disease in a population, effec-
tiveness is the ability of the system to detect any one of the diseased units in a 
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focal population (the unit refers to the epidemiological unit, which can be an 
individual animal or, more often, an animal production unit). The most relevant 
attribute is then unit-level sensitivity (sometimes referred to as the detection 
fraction).

 4. For systems aiming at monitoring the prevalence or incidence of an endemic 
disease, effectiveness is the ability of the system to provide accurate and precise 
estimations of prevalence and incidence rates. The most relevant attributes are 
then bias and precision of the prevalence and /or incidence estimations derived 
from the data produced by the surveillance system (e.g. [5]).

The above-listed attributes reflect the ability of surveillance systems to detect 
and/or correctly characterize a genuine health issue (see Part II for a full list of 
evaluation attributes). Surveillance systems that do not perform well with regard to 
such attributes could fail to control the health issue with harmful sanitary and eco-
nomic consequences. Attributes that reflect the ability of surveillance systems to 
generate false detections of disease cases or of a health threat (e.g. the introduction 
of an emerging disease) are also relevant to its effectiveness. These attributes are 
system-level specificity, also referred to as the False Alarm Rate, for systems that 
aim at demonstrating/substantiating freedom from disease or at detecting the emer-
gence of a disease and unit-level specificity for systems aiming at identifying all the 
cases of a disease in a population. Poor performances with regard to such attributes 
imply that costly mitigation measures are unnecessarily activated. A rationale to 
unify all the effectiveness attributes into two types of errors to which surveillance 
systems are prone has been recently proposed [6]. It is briefly presented below 
(Case Study 1). Moreover, as surveillance is an important component of the strategy 
to reach the ultimate objective of controlling the spread of diseases, outcomes such 
as epidemic size, number of infected units at some point in time (e.g. at the end of 
the high-risk period) or prevalence in an endemic equilibrium situation are also 
sometimes used as a measure of surveillance effectiveness evaluation.

10.3  Methods to Quantitatively Assess 
Surveillance Effectiveness

The effectiveness attributes introduced above can be estimated through the analysis 
of the data actually produced by surveillance or by modelling surveillance pro-
cesses. Beyond the estimation of surveillance effectiveness parameters, assessment 
can also aim at identifying gaps and weaknesses in the surveillance system (e.g. 
population strata that escape surveillance, flawed processes) and link back to the 
evaluation of the quality of the surveillance process itself (see Sect. 10.4). Such 
assessment can lead to improvements in the surveillance systems effectiveness and 
process. Below, we introduce the methods used to quantitatively assess effective-
ness of surveillance systems.
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10.3.1  Methods Relying on the Analysis/Statistical Modelling 
of the Data Generated by the Surveillance Systems (Case 
Study 2)

10.3.1.1  General Principles
This type of methods can only be applied in ex-post or in-itinere evaluations because 
they require that the surveillance system under evaluation is or has been operating 
so that surveillance data have been produced and can be analysed. There are two 
broad categories for this type of methods:

 1. Multilist Capture-Recapture (CR) models, the principle of which is to confront 
the information on infected epidemiological units derived from the surveillance 
data with information on infected epidemiological units originating from at least 
another distinct source. It is worth noticing that the different information sources 
can be different components of the same surveillance system.

 2. Unilist Capture-Recapture (CR) models, which consists in fitting statistical 
models to multiple detection data for surveillance systems that generate multiple 
detections of infected epidemiological units (e.g. each animal infected by a dis-
ease detected in an infected herd represents a distinct detection event for that 
infected herd). Note that CR methods are described in more detail in a recent 
review paper [7].

10.3.1.2  Type of Inference Obtained
The most common purpose of CR models is to assess the ability of a surveillance 
system to identify infected epidemiological units (i.e. to assess the unit-level sensi-
tivity of surveillance systems). These methods are thus particularly relevant for sur-
veillance systems aiming at detecting all the cases of a disease in a population and, 
to a lesser extent, for surveillance systems aiming at monitoring prevalence because 
failure to identify infected epidemiological units could result in negatively biased 
prevalence estimations. The general principle of evaluating a surveillance system 
through the confrontation of information generated by the surveillance system with 
the information provided by a distinct independent source has also been used (rarely 
though) to assess timeliness. Beyond the estimation of unit-level sensitivity, CR 
models can also be used to evaluate heterogeneity in sensitivity among epidemio-
logical units. This can be achieved by stratifying the analysed surveillance data 
according to factors that are suspected to underlie heterogeneity, so that a distinct 
statistical model is fitted for each stratum and thus estimation of unit-level sensitiv-
ity is obtained. This type of inference is important to identify strata in the population 
in which surveillance sensitivity is comparatively low and resource allocation to 
surveillance activities could consequently be enhanced. Finally, when information 
from multiple sources is available, multilist CR models can also address questions 
on the interdependency among sources (e.g. communication among distinct surveil-
lance systems or distinct components of a surveillance system that can result in the 
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probability of detecting an infected unit through one system or component varying 
depending on whether or not the same unit has already been detected by the other 
systems or components). It can thus provide information on the surveillance process 
from the sole analysis of the surveillance data.

10.3.1.3  Strengths
The main advantage of CR methods is that they do not require any knowledge/
description of the surveillance process and nor do they require setting values for 
parameters that depict the surveillance process. In other words, these are data- 
oriented statistical methods in contrast with the process-oriented methods described 
hereafter.

10.3.1.4  Weaknesses
The main weakness of CR methods is that they do not allow the estimation of sur-
veillance attributes other than unit-level sensitivity. For instance, these methods do 
not allow the estimation of the specificity of surveillance systems and do actually 
often rely on the assumption of perfect specificity (no epidemiological unit falsely 
identified as infected/diseased). Another important weakness is that they require 
data that are often not available for animal diseases (i.e. case detection data from 
distinct sources or multiple detection data generated by a single source).

10.3.2  Methods Relying on the Modelling of the Surveillance 
Processes Only (Case Study 3)

10.3.2.1  General Principles
Contrary to statistical approaches described in the previous section, modelling 
approaches translate surveillance processes into mathematical/probabilistic terms. 
The modelled processes depend on surveillance type. Passive surveillance would 
require reporting and confirmation process to be modelled, active surveillance 
would require sampling, screening and confirmation processes to be modelled and 
syndromic surveillance would require data generation and analysis/interpretation 
process to be modelled. In approaches where only the surveillance process is mod-
elled, the epidemiological states of animal populations are set by assumptions either 
because they are informed by field data or prior knowledge, or because one wants to 
assess surveillance effectiveness for a particular epidemiological scenario. They are 
thus referred to as non-dynamic models, in contrast to mathematical models of dis-
ease transmission which will be presented in the next section.

The most common form for non-dynamic models used to assess surveillance 
effectiveness are the so-called scenario tree models which are very similar to risk 
analysis models and have been introduced and described in great detail by Martin 
et al. [8, 9]. This type of model is referred to as scenario tree because the structure 
of the model can be depicted in the form of a tree. Each branching level of the tree 
corresponds either to a factor that structures the population in terms of disease risk 
and/or surveillance modalities or to a step in the surveillance process. The branches 
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represent either the distribution of the units composing the population into distinct 
risk and/or surveillance strata or the different possible outcomes of the different 
steps in the surveillance process. A parameter is associated to each branch of the 
tree model: this parameter is the fraction of the population belonging to a risk and/
or surveillance stratum or the probability of a possible outcome at a given step of the 
surveillance process. The final levels of the tree (i.e. the leaves of the tree) depict the 
possible final outcomes of the surveillance process for the units that belong to each 
risk and/or surveillance stratum considered in the model.

It is worth noticing that approaches other than scenario trees have occasionally 
been used to assess surveillance effectiveness through modelling of the surveillance 
process only. For instance, simulation models have also been developed for this 
purpose (e.g. [5]).

10.3.2.2  Type of Inference Obtained
The integration of the parameters along the branches of the scenario tree model in 
the form of conditional probabilities products produces estimations of the probabil-
ity that a single unit will yield either a positive or a negative outcome under the 
modelled surveillance process. Moreover, integration of the model outputs allow 
obtaining estimations of stratum-level sensitivity (probability of detection at least 
one infected unit in a specific stratum from the focal population) and system-level 
sensitivity (probability of detecting at least one infected unit in the focal 
population).

Scenario tree models also allow taking into account uncertainty in values of the 
model parameters. This is done by considering a probability distribution for the dif-
ferent possible values of a parameter instead of a single value and by applying 
Monte-Carlo procedures in which a large number of scenario trees are produced 
each of which presents a distinct set of input parameter values that result from inde-
pendent drawings in the probability distributions. The output parameters are then 
depicted with distributions that reflect the uncertainty in the outputs resulting from 
the propagation of the uncertainties in the different input parameters along the 
model branches.

Beyond the evaluation of effectiveness parameters, the scenario tree models have 
also sometimes been used as surveillance process optimization tools. In that type of 
application, different values for some input parameter(s) associated with a specific 
step in the surveillance process (e.g. sampling effort) are considered and the result-
ing effectiveness outputs are compared (e.g. [10, 11]).

In terms of surveillance objectives, scenario tree models have been widely used 
to evaluate the system-level sensitivity in surveillance systems aiming at demon-
strating/substantiating freedom from disease, in which case the assumed prevalence 
in the focal population (referred to as the design prevalence) is very low. The ratio-
nale in this type of application is that the scenario tree model allows evaluating the 
propensity of the surveillance system/component to detect a disease/pathogen 
whenever prevalence reaches levels considered as problematic in particular for the 
domestic or the export market. Scenario tree models have also sometimes been used 
to assess the effectiveness of surveillance systems whose objective is to detect the 
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introduction of a disease in a population that is free from that disease [12] or to 
survey the prevalence of a disease in a population [5].

10.3.2.3  Strengths
By explicitly modelling the processes implied in the surveillance system, it becomes 
possible to evaluate the effectiveness of actual (ex-post or ex-itinere evaluation) as 
well as hypothetical (ex-ante evaluation) surveillance strategies.

These models allow stratifying the population under surveillance into strata that 
differ in terms of disease risk and/or in terms of surveillance modalities. They are 
thus able to account for heterogeneity among epidemiological units.

10.3.2.4  Weaknesses
Scenario tree models require an assumption about the prevalence of the disease in 
the focal population as well as setting the values of input parameters that reflect the 
risk structure in the population (relative risk for the different population strata con-
sidered and proportion of the units from the population belonging to each stratum) 
and the surveillance process in each stratum (sampling probability or case reporting 
probability, probability of a positive screening test result for a diseased unit, prob-
ability of a positive confirmatory test for a diseased unit, etc.). The values of the 
input model parameters should be carefully determined because biased input param-
eter values will result in misleading evaluations of effectiveness (garbage in, gar-
bage out). Alternatively, an interesting approach to deal with uncertainty in model 
parameter values is to develop a qualitative risk model (e.g. [13]) where parameter 
values are categorical (e.g. low, medium, high).

10.3.3  Methods Relying on the Simultaneous Modelling 
of the Surveillance Processes and of Disease Transmission 
in the Population under Surveillance (Case Study 4)

10.3.3.1  General Principles
In this type of method, as for the type of methods presented in the previous section, 
surveillance process is explicitly formulated with a mathematical/probabilistic 
model. However, the model for the surveillance process is coupled with/integrated 
to a model for disease transmission dynamic in the target population that, most of 
the time, also integrates the disease control process. Finally, the model also some-
times includes the demographic dynamics of the epidemiological units in the popu-
lation (i.e. whenever the performance of the surveillance system is assessed over the 
long term; e.g. [14, 15]). Usually, the model is used to simulate the spread/circula-
tion of the disease in the population under surveillance and control (simulation is 
usually the only option because this type of model is analytically intractable). The 
epidemiological status, the outcome of the surveillance process and the imple-
mented control actions are monitored over the simulation for each epidemiological 
unit in the population. The output of the integrated simulation model is the epide-
miological status, the outcome of the surveillance process and the outcome of the 
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control process for each epidemiological unit in the population at each time step of 
the simulation. These outputs are then used to compute the focal surveillance effec-
tiveness attribute(s).

Different types of models can be used including branching process models (e.g. 
[4]), spatially explicit models (e.g. [16, 17]), compartmental models and social net-
work models (e.g. [18]) (see Chap. 11). Model designing (identifying all the pro-
cesses to be integrated in the model, choosing the best adapted formalism for the 
model, figuring out the architecture of the model, defining the model parameters) 
and parameterization (i.e. setting the values of the model parameters) are particu-
larly critical steps in the modelling process.

Stochasticity (i.e. the influence of chance in the dynamics of finite size popula-
tions) is inherent to most of the dynamic simulation models because they consider a 
finite number of epidemiological units subjected to random processes (processes with 
different possible outcomes characterized by their probabilities). So the algorithms of 
dynamic simulation models usually include several steps where the outcome of a pro-
cess is randomly drawn in a probability distribution. As a consequence, two indepen-
dent simulations of a same model (same parameter values and initial conditions) will 
usually yield different outcomes. In order to account for stochasticity, several simula-
tions (preferably a large number) of the same model are usually required.

As for the models for surveillance processes only, introduced in the previous sec-
tion, uncertainty in the model parameters’ values can be accounted for in the model-
ling process by considering different sets of input parameter values drawn from 
distributions that reflect uncertainty.

10.3.3.2  Type of Inference Obtained
Dynamic modelling is clearly the most flexible and versatile method to assess sur-
veillance effectiveness. It can be used to evaluate the effectiveness of any surveil-
lance system, whatever is the surveillance objective, and it can be used for ex-ante, 
in-itinere or ex-post evaluations (see Sect. 10.1).

A crucial characteristic of this type of methods is that processes resulting in dis-
ease transmission among epidemiological units and in changes in the status of epi-
demiological units are explicitly modelled. Therefore, the epidemiological situation 
(prevalence, epidemiological status of the units, spatial distribution of the diseased 
units, etc.) is not fixed, but endogenous to the model so that the simulated epidemio-
logical situation in the focal population is likely to vary along the time line of the 
simulation (at least transitorily, until a stable disease equilibrium is eventually 
reached). Therefore, the effectiveness of a given surveillance strategy would also 
vary over time and surveillance effectiveness can be assessed at different points 
along the epidemiological dynamics time line. Moreover, it is then possible to assess 
the effectiveness of adaptive surveillance strategies where the modalities of surveil-
lance can change over the course of an epidemic based on the evaluation, at some 
point in time, of the epidemiological situation through the surveillance data already 
collected. Because of these characteristics, dynamic models are often used to assess 
the effectiveness of surveillance systems/components that aim at detecting as early 
as possible the emergence of a disease. Indeed, emergence is in essence a transitory, 
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non-equilibrium situation and it would be difficult (if not impossible) to assess the 
effectiveness of surveillance systems aiming at detecting emergences with a meth-
odological framework that considers a static epidemiological situation.

Beyond the computation of effectiveness, dynamic models can be used for sen-
sitivity (e.g. [19]) and optimization analyses (e.g. [18]). In optimization analyses, 
one or a combination of outputs (usually closely related to surveillance effective-
ness) are optimized by varying the values of one or a combination of input param-
eters (usually input parameters that represent the surveillance processes). The 
objective of this type of analysis is usually to identify the modalities of the surveil-
lance process that result in optimal effectiveness of the surveillance system. 
Sensitivity analyses are very similar in that input parameter values are also varied 
but the focus of the analysis is not on optimizing an effectiveness output but on the 
variance in the effectiveness output generated by variation in the input parameters. 
The objective of sensitivity analyses is most of the time to identify the input param-
eters (i.e. processes in the surveillance system) that have the strongest influence on 
the output parameter (i.e. effectiveness). The results of sensitivity analyses can be 
informative for designing surveillance because they identify key processes that 
strongly influence effectiveness and should thus be paid particular attention.

In optimization as well as in sensitivity analyses, not only input parameters 
related to the surveillance process can be varied but also the input parameters related 
to disease transmission or to the disease control process. For instance, different 
scenarios for both surveillance and control parameters in an optimization analysis 
can provide information on the optimal combination of surveillance and control 
modalities in order to achieve a given disease control objective (e.g. [20]).

10.3.3.3  Strengths
With dynamic models, epidemiological situations (prevalence, epidemiological sta-
tus of the units, spatial distribution of the diseased units, etc.) are generated by the 
model. Assumptions regarding epidemiological situations are thus not required.

Because the monitored output parameters can be defined at the model designing 
step (i.e. the modeller defines the ouputs), carefully chosen output would allow the 
evaluation of any effectiveness attribute. In addition, because this type of model 
integrates disease transmission, surveillance and control processes, outcomes such 
as epidemic size, number of infected units at some point in time (e.g. at the end of 
the high risk period) or prevalence in an endemic equilibrium situation can be used 
as the currency to evaluate surveillance effectiveness.

10.3.3.4  Weaknesses
Parameterizing dynamic models that integrate surveillance and control processes 
requires setting the value of large numbers of parameters. Consequently, developing 
meaningful models requires good knowledge of the epidemiological, surveillance 
and control processes in the system under evaluation.

10.4  Synthesis (Table 10.1)

V. Grosbois et al.
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10.5  Case Study 1: A Rationale to Unify Surveillance 
Effectiveness Attributes [6]

Here we introduce a rationale that can be used to assess effectiveness, whatever is 
the objective of the surveillance system considered. It provides a solid ground for 
developing optimization studies for any aspect of the surveillance process and it 
allows straightforward integration of economic and epidemiological components to 
the evaluation framework.

In this rationale, we propose that effectiveness should be assessed through prob-
abilities that surveillance data generation and interpretation result in the implemen-
tation of intervention measures that differ from those that would be implemented 
given a perfect knowledge of the actual epidemiological situation (Fig. 10.1). We 
distinguish two broad categories of such probabilities and name them by analogy 
with statistical hypothesis testing. We refer to these as probabilities of Type I errors 
and probabilities of Type II errors, the probabilities of implementing intervention 
measures of respectively higher and lower intensity than the intervention measures 
that would be implemented given of perfect knowledge of the actual epidemiologi-
cal situation. Type I errors imply that costly intervention measures are unnecessarily 

SURVEILLANCE  DATA
Non-exhaustive, non-representative, 

partially distorted 

ASSESSMENT EPIDEMIOLOGICAL 
SITUATION

PREVENTION/CONTROL MEASURES
That are actually implemented

(modalities/intensity)

TRUE EPIDEMIOLOGICAL
SITUATION

PREVENTION/CONTROL MEASURES
That would be implemented given a 

perfect knowledge of the 
epidemiological situation

Data analysis and 
interpretation

Decision making
process

Intervention strategy
Defined based on epidemiological
modelling and costs-effectiveness

and/or costs-benefits analyses 

Data generation process
Sampling, reporting, 
diagnosing, testing

COSTS/EFFECTIVENESS/BENEFITS
of the risk prevention/control measures

that are actually implemented

COSTS/EFFECTIVENESS/BENEFITS
of the prevention/control measures 

that would be implemented 
given a perfect knowledge of the 

epidemiological situation

Surveillance Effectiveness

Fig. 10.1 Basis for the effectiveness rationale: comparative analysis of the differences in inter-
ventions generated from the current surveillance system and a system with a perfect knowledge of 
the epidemiological situation

V. Grosbois et al.



207

activated while Type II errors result in increased risk of failure to control a genuine 
disease threat. For a surveillance system to be effective, probabilities of Type I and 
Type II errors should thus be as low as possible. The computation of probabilities of 
Type I and Type II errors requires reviewing several aspects of mitigation strategies 
and processes, as highlighted in Fig. 10.1. Below we detail these aspects using a 
hypothetical example of an active surveillance system aiming at monitoring preva-
lence of a cattle disease to inform decision-makers on which vaccination strategy to 
implement at the national level.

10.5.1  Information Required for the Evaluation of Surveillance 
Effectiveness (Table 10.2)

First, the state variable that reflects the current epidemiological situation, and the 
value which determines the intervention measures considered as appropriate by 
stakeholders and decision-makers have to be defined. The scale at which this vari-
able is assessed through surveillance and at which intervention measures are imple-
mented has also to be determined. Typical state variables are prevalence and 
incidence. The scale can be animal, herd, country, regional or global level. In our 
hypothetical example, the relevant state variable is prevalence and the scale is the 
country.

The proposed rationale relies on the comparison of intervention decisions likely 
to be made based on the information produced by surveillance with intervention 

Table 10.2 Type of information required for the evaluation of surveillance effectiveness

Surveillance objective
Knowing how prevalent is an endemic disease to inform decisions 
about vaccination strategy

Relevant scale Country
Relevant 
epidemiological 
variable

Individual level prevalence (p)

Intervention strategy p ≤ 0.1 0.1 < p ≤ 0.2 p > 0.2

No vaccination Vaccination is 
implemented only 
in high risk areas

Vaccination is 
implemented in 
all areas

Surveillance data 
generation process

n = 100 randomly chosen individuals are sampled over a 1 month 
period. Each sample is tested using a test with sensitivity Se = 0.90 and 
specificity Sp = 0.95. The number of samples testing positive is 
denoted np

Statistics computed 
from surveillance 
data

Proportion of sampled units testing positive (np/n)

Decision rule 1 (test 
performances not 
accounted for)

np/n ≤ 0.1 0.1 < np/n ≤ 0.2 np/n > 0.2

No vaccination Vaccination is 
implemented only 
in high-risk areas

Vaccination is 
implemented in 
all areas
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decisions that would be made given a perfect knowledge of the epidemiological situ-
ation. One important step is thus to describe the intervention decisions that would be 
considered as appropriate by stakeholders and decision-makers for a set of possible 
epidemiological situations. Such intervention strategies consist of a gradation of 
potential epidemiological situations according to their seriousness and of the inter-
vention measures considered as appropriate by stakeholder and decision- makers for 
each of these situations. From an analytical point of view, they can be described 
through the relationship between the value of the epidemiological state variable that 
characterizes an epidemiological situation and the intervention measures considered 
as appropriate for that epidemiological situation. In the hypothetical example, pos-
sible epidemiological situations are categorized according to three prevalence levels: 
at low prevalence (lower than 0.1), it is considered that vaccination is not necessary; 
at intermediate prevalence (between 0.1 and 0.2), it is considered that vaccination 
should be limited to high-risk areas; at high prevalence (over 0.2), it is considered 
that vaccination should be implemented in all areas of the country.

It is then necessary to describe the surveillance data-generation process. It 
involves reporting (e.g. underreporting rate, factors influencing reporting probabil-
ity), diagnostic (e.g. case definition, probability of misclassifying an epidemiologi-
cal unit), sampling (e.g. coverage, stratification, intensity, frequency), and sample 
testing (e.g. sensitivity and specificity of the tests used). In our hypothetical exam-
ple, surveillance data are assumed to be generated through random sampling of 100 
individuals over a month and assessment of individual disease status with a test of 
known sensitivity (0.90) and specificity (0.95).

Finally, the process of interpretation of surveillance data that results in a decision 
regarding the implementation of intervention measures needs to be described. In 
most instances, it involves the computation from the surveillance data of some sta-
tistics that provide an assessment of the current epidemiological situation and a 
decision rule whereby an intervention option is selected depending on the value of 
such statistics. In our hypothetical example, the data interpretation process simply 
consists in computing the proportion of samples testing positive and the decision 
rule is to do nothing if this proportion is lower than 0.1, implement vaccination only 
in high-risk areas when it is between 0.1 and 0.2 and implement vaccination in all 
the areas in the country when it is higher than 0.2.

10.6  Case Study 2—Results of the Sensitivity Evaluation 
of the Avian Influenza Surveillance System in Vietnam: 
Application of the Unlisted Capture–Recapture 
Method [21]

The overall objective of this study was to apply capture and recapture methods to 
quantitatively evaluate the sensitivity of the HPAI surveillance system in Vietnam. 
The specific objectives were to estimate the sensitivity of the surveillance system 
using the zero-inflated model by comparing periods with and without vaccination 
against HPAI H5N1.

V. Grosbois et al.
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This study showed that the sensitivity of surveillance ranged from 34% 
(CI  =  33–100) to 74% (CI  =  50–100) at the provincial level and from 48% 
(CI = 13–100) to 61% (CI = 40–91) at the district level. A significant difference in 
the probability of detecting at least one infection in a province was observed between 
the 2009/10 and 2010/11 periods (Pdet  =  34% (CI  =  21–53) and Pdet  =  74% 
(CI = 56–89), respectively).

 – The results of the study confirm that recapture analyses allow more accurate 
estimates to be obtained at a finer scale such as the district level compared to the 
province level.

 – The different levels of sensitivity observed across the study periods could be cor-
related to the surveillance-strengthening activities implemented during that 
period (e.g. the highest level of sensitivity observed at the provincial scale cor-
responds to the period 2010–2011 when a strengthening of passive surveillance 
was implemented [22].

In addition, the study shows a significant positive association between a district’s 
risk level (predefined by the veterinary services based on the combination of differ-
ent risk factors) and its model-estimated probability of infection in the absence of 
vaccination but not during the vaccination period. However, it is impossible to con-
clude from these data alone that vaccination has a positive impact because it reduces 
the risk of infection or a negative impact because it limits the number of notifica-
tions (for this it would be necessary to be able to compare general sensitivities as 
well). It has been observed in other studies that vaccination can have a negative 
effect on the case notification rate [23]. In this case, stakeholders either do not want 
to report cases (showing the ineffectiveness of vaccination in their region), or they 
consider that suspected cases are not HPAI since the poultry have been vaccinated.

This study demonstrated the validity of the model through the positive correla-
tion between the probability of infection estimated by the model and the a priori 
defined risk of infection; but also an indirect effect of vaccination on the sensitivity 
of the HPAI surveillance system in Vietnam through its action on the probability of 
infection.

10.7  Case Study 3—The Use of Models of the Surveillance 
Processes Only: Quantitative Assessment 
of the Sensitivity of Avian Influenza Surveillance 
Systems Using the Scenario Tree Approach [24]

We developed a stochastic scenario tree to model and assess the surveillance system 
of HPAI H5N1 in Thailand in backyard and free-range poultry production systems. 
The objective was to estimate the sensitivity of each of the surveillance components 
using the appropriate parameters for the study period (variable period depending on 
the component: exhaustive or passive surveillance over 1 year, targeted surveillance 
of the markets over a given period of time disease). The goal is to calculate for each 
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component an individual sensitivity, then combine them to obtain an overall sensi-
tivity of the network. The method uses a tree structure to describe the population 
and the surveillance organization and to capture the fact that some individuals will 
be more likely to be infected based on risk factors and some individuals will be 
more likely to be detected depending on the structure of the surveillance system.

A scenario tree represents the succession in chronological order of the different 
stages of the component of the surveillance system (CSS) that leads an individual to 
be declared infected or uninjured. At each step or node of the tree, probabilities or 
proportions are estimated for each possible branch as well as the associated relative 
risk. We obtain the individual sensitivity by multiplying, for each path of the scenario 
tree, the probabilities, proportions and adjusted risks of the branches of this path, and 
then adding these products for all the paths ending in a positive outcome (Fig. 10.2).

Status of Animal

P*u

Not infected

Breeding system

Consulting
the Vet

Diagnostic
Test

Pr 1

Yes

+ –

No
PVet 1-PVet

1-SePCRSePCR

Pr 2

Infected

1-P*u

Fig. 10.2 Example of a scenario tree constructed to quantify the sensitivity of an animal health 
surveillance system
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10.7.1  HPAI Surveillance System Organization in Thailand

The surveillance and control of H5N1 avian influenza on farms in Thailand is under 
the responsibility of the DLD (Department of Livestock), which collects and central-
izes all epidemiological information [25]. The aim of the system is to detect outbreaks 
early and thus ensure a rapid response to maintain the national disease-free status 
recovered in 2009. The system is based on several complementary components:
• Passive, clinical surveillance based on voluntary reporting of any clinical suspi-

cion of HPAI H5N1 (as officially defined) by breeders at the local DLD office. 
The agents of the DLD then go into the breeding under 48 h, in order to validate 
the suspicion, to take samples and to establish a zone of control of the move-
ments around the suspect breeding. All poultry from farms located within a 
radius of 5 km around an outbreak of HPAI H5N1 confirmed by laboratory anal-
yses are systematically slaughtered and their carcasses burned or buried; live-
stock equipment is destroyed and buildings are disinfected. Quarantine measures 
are also in place: any movement of poultry is forbidden within a radius of 60 km 
around the home, for a period of at least 30 days. Checkpoints are established 
along the roads and vehicles are checked to ensure that no animals are moved to 
or from a quarantine area.

• Active surveillance is based on different activities:
 – Active surveillance plan for commercial farms (pre-displacement laboratory 

tests for short cycles, repeated for long cycles) which are partly based on the 
private sector

 – The intensive active surveillance (or X-ray) based on clinical signs consisting 
of compulsory visits of backyard farms by village health volunteers and rapid 
response teams (RRTs) who actively seek clinical signs of the disease in 
humans and hens on the farms (Fig. 10.3)

 – The laboratory X-ray surveys consisting in the risk-based collection of sam-
ples in chickens and free-grazing ducks (four farms per village) by DLD.

 – X-ray components are both risk-based and run for a period of 2  months 
twice a year.

 – Market surveillance 2 weeks before the Chinese New Year in 21 high-risk 
provinces.

 – A positive output of the surveillance is considered when a sample was tested 
positive for RT-PCR

Evolution of the Definition of the Case of Avian Influenza H5N1, Established by 
the DLD from January 2004 to December 2012
 – January 23, 2004–February 28, 2004 (based on the Hong Kong definition): 

severe respiratory signs with sinusitis, cyanosis of the ridge, oedema of the 
head, ruffled plumage or diarrhoea and neurological signs or sudden death 
of about 100% or 40% in 3 days

 – March 1, 2004–February 28, 2004 (adaptation of the case definition to the 
context of Thailand): mortality >10% in 1 day or mortality >40% in 3 days 
and respiratory signs or mortality >40% in 3 days and neurological signs 
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10.7.2  Quantitative Evaluation of HPAI H5N1 Surveillance 
in Backyard Poultry in Thailand Using Scenario 
Tree Modelling

During the two most risky months, when X-Ray monitoring is implemented, the 
current surveillance system has a high probability of detecting disease at an early 
stage of infection, with a sensitivity of 82% when only three farms are affected. The 
results show that when all three surveillance components are implemented simulta-
neously, the most effective is the active search for clinical signs in chicken in mixed 
farms in high-risk areas. This result is directly related to the case definition used by 

Bangkok – Region
SRRT

Province
SRRT

District
SRRT

Sub-district

Village

MOPH health officers

Community health volunteers
DLD volunteers

MOPH district officers
DLD district officers
Medical doctors

Governor (chief of operation)
Chiefs of provincial office of
MOPH and DLD
Medical doctors and
epidemiologists
Officers of the disease control
office
Officials of the Ministry of the
Environment

Search for abnormal diseases or
morbidities
Data reporting
Communication

Coordination of village volunteers
Suspicions / outbreaks
investigations
Data reporting
Communication
Implementation of control
measures, culling, movement
restrictions...

Coordination between MOPH
and DLD and other Ministries
Suspicions / outbreaks
investigations
Data analysis
Support

Fig. 10.3 Organization of influenza surveillance and rapid response teams in Thailand (SRRTs) 
in 2011 [25]

or mortality >40% in 3 days and other signs (diarrhoea, depression, loss of 
appetite, oviposition, cyanosis of the ridge) or ducks and geese: depres-
sion, loss of appetite, oedema of the head, corneal opacity, ruffled plumage

 – July 3, 2004–June 30, 2005 (increase in sensitivity, decrease in specific-
ity): mortality >10% in 1 day and respiratory signs or neurological signs or 
other signs (diarrhoea, depression, loss of appetite, oviposition, cyanosis 
of the ridge) for ducks and geese: depression, loss of appetite, oedema of 
head, corneal opacity, ruffled plumage

 – July 1, 2005–2012 (increased sensitivity, decreased specificity): poultry in 
buildings: mortality of 1% in 2 days and drop of water or food consump-
tion by 10% in 1 day; backyard poultry: mortality >5% in 2 days
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the DLD to detect suspicions of HPAI H5N1, which is very broad and therefore very 
sensitive. On the other hand, the poor specificity of this case definition increases the 
risk of false positives. Outside the X-Ray periods, when only passive surveillance is 
implemented, the current surveillance sensitivity for the same infection level drops 
to 50% with a very large confidence interval (95% CI 0.04–0.75). Lack of specific-
ity can create distrust of the DLD, since control measures are often put in place 
before any laboratory confirmation (Executive Committee for the Prevention and 
Control of Avian Influenza and preparedness for influenza pandemic, 2007), and 
may contribute to the lack of sensitivity of passive surveillance. An additional defi-
ciency of this case definition is the 5% level of mortality, which is used as a trigger 
for suspicions of HPAI H5N1. The basic mortality is difficult to estimate for small 
farms. However, when looking at the probability of freedom from disease over time 
(from January 2008 to January 2011), and considering all surveillance components, 
the median probability of freedom was estimated to be 99.43% (97.82–99.73%) for 
a low probability of disease introduction and 96.90% (87.25–98.53%) for a risk 
fivefold higher. These results show that the current monitoring strategy for village 
livestock systems and ducks is highly sensitive and therefore supports Thailand’s 
declaration of H5N1 status in February 2009.

10.8  Case Study 4—The Use of Dynamic Models [16]

Classical swine fever (CSF) is a porcine viral disease that has severe consequences 
on animal health, welfare and production. Although Switzerland is currently free 
from CSF, it is considered that the risk of introduction of the CSF virus is non- 
negligible. Switzerland veterinary health authorities have thus designed a surveil-
lance and control strategy with the objective of detecting as soon as possible the 
infected pig farms following the potential introduction of the virus in the pig popu-
lation. In this strategy, six broad levels of on-farm surveillance and intervention 
measures are considered depending on the assessment of the epidemiological status 
of the focal farm, of the neighbouring farms and of the country: there is no interven-
tion as long as CSF remains undetected in Switzerland; reinforced surveillance due 
to increased awareness is implemented as soon as a first CSF infected farm has been 
detected in the country; farm isolation during 1 week is implemented in a 10 km 
radius around each suspected infected farm; unlimited farm isolation is imple-
mented in a 3 km radius around each suspected infected farm; quarantine is imple-
mented in each suspected infected farm and culling is implemented in each 
confirmed infected farm. In 2014, an exclusion component was added to allow test-
ing for CSF in domestic pig farms with symptoms in line with CSF even in the cur-
rent situation where the disease has not yet been detected in the country. The 
objective of this study was to assess the improvement in effectiveness resulting from 
the integration of this exclusion component in the current system.

A stochastic farm-based simulation model, programmed in R (R Development 
Core Team and Team R, 2008) was developed. It simulates the spread of CSF virus 
between farms in space and time. The model accounts explicitly for the spatial 
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distribution of pig farms in Switzerland. The simulation starts by randomly drawing 
an index case in the list of Switzerland pig farms. Then four successive steps allow 
the determination of the farms infected by the index case and of the dates at which 
these farms become infected.

 1. The first step of the simulation algorithm for an infected farm is the determina-
tion of the date at which the farm becomes infectious, which is deduced from the 
date at which the farm has become infected and the length of the latent period 
(hereafter denoted as LLP).

 2. The second step is the determination of the length of the infectious period (length 
of the period between the date at which the farm becomes infectious and the date 
at which it is detected and confirmed as being infected; hereafter denoted as 
(LIP) for that farm). At this step, the date at which the farm is detected and con-
firmed as being infected is deduced from the date at which the farm has become 
infected (day 0 for the index case), the length of the latent period and the length 
of the infectious period for that farm. At that date, it is considered that the sur-
veillance and control measures that should be implemented in an infected farm 
and in its vicinity are indeed implemented.

 3. The third step is the determination of the number of other farms infected by that 
farm (i.e. the effective reproductive rate, hereafter denoted R) during the infec-
tious period.

 4. Finally, the farms infected by the infectious farm are selected in the list of 
Switzerland pig farms and the date at which each of these farms becomes infected 
is determined. Infected farms are removed from the list of farms from which 
subsequently infected farms will be drawn so that a same farm cannot be infected 
twice during a simulated outbreak (in a compartmental model this would imply 
that there is no transition from the state infectious or recovered to the state sus-
ceptible) and the number of susceptible farms decreases as the simulated out-
break develops. The newly infected farms constitute “the next generation of 
infected farms”. The different steps described above are applied to each infected 
farm of the next generation and then to each infected farm of the second next 
generation and so on until no newly infected farm is generated by the simulation.

The surveillance and control processes are accounted for in the model by setting 
different parameter value for farm-level epidemiological parameters (i.e. the weekly 
number of infected farms for an infectious farm and the length of the infectious 
period) depending on the surveillance and intervention measures implemented in 
the farm.

For each simulation run of a given scenario regarding the surveillance and con-
trol strategy, the model generates an epidemic. Output information (illustrated on 
the figure below) includes the spatial locations of the infected farms and the surveil-
lance/intervention measures implemented in each infected farm at the time it 
becomes infectious.
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Based on these outputs, two measures of effectiveness of the system with and 
without the exclusion component were assessed: (1) the number of infected farms 
per outbreak and (2) the probability of implementing intervention modalities in a 
farm that are not strong enough given the true epidemiological status of that farm. 
This is illustrated in the table below.

Simulation model outputs for strategy with or without (italics) the exclusion component

Parameter Median Percentile 5% Percentile 95%
Total number of infected farms 3 1 27
Duration of the outbreak—Days 43 1 158
Total number of infected farms 4 1 142
Duration of the outbreak—Days 53 2 364
Probability of absence of intervention 0.50 0.133 1.00
Probability of implementing reinforced 
surveillance

0.333 0.0 0.667

Probability of implementing isolation during 
1 week

0.0 0.0 0.354

Probability of implementing unlimited isolation 0.0 0.0 0.16
Probability of absence of intervention 0.50 0.016 1.00
Probability of implementing reinforced 
surveillance

0.333 0 0.60

Probability of implementing isolation during 
1 week

0 0 0.426

Probability of implementing unlimited isolation 0 0 0.244
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11Network Analysis for Surveillance 
Design and Evaluation

Guillaume Fournié, Alexis Delabouglise, Raphaëlle Métras, 
Younjung Kim, and Raphaël Duboz

Abstract

The way in which an infectious agent or an information is disseminated within 
an animal production system is influenced by the structure of the network of 
contacts through which the infectious agent is transmitted between hosts, or 
information is shared among stakeholders. The analysis of these networks is 
therefore necessary to comprehensively design and evaluate surveillance pro-
grammes. In this chapter, we provide an introduction of key methods to charac-
terise the structural features of a network influencing the diffusion of a disease or 
an information through it, and we illustrate the relevance of these methods in the 
context of animal health surveillance design and evaluation. First, we define a 
network; we present the specific features of network data, how networks are 
constructed, and the challenges posed by network data collection. Secondly, we 
introduce metrics used to characterise the position of a node, and the cohesion of 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82727-4_11&domain=pdf
https://doi.org/10.1007/978-3-030-82727-4_11#DOI
mailto:gfournie@rvc.ac.uk


220

the overall network, or a subset of this network. Finally, mathematical models 
simulating the transmission of infectious agents through a network of potentially 
infectious contacts are described. Examples of applications of these methods for 
the design and evaluation of surveillance programmes are provided as case 
studies.

Keywords
Evaluation · Health surveillance · Social network analysis · Modeling

11.1  Introduction

Surveillance effectiveness depends on the dynamics of targeted infectious agents 
within the animal production system of interest, and the way in which surveillance- 
relevant information is shared among stakeholders (see Parts II and III). The factors 
which require understanding to comprehensively evaluate a surveillance system can 
be investigated using network analysis. Based on the observation of relevant inter-
actions between a set of actors, this methodology can be used to explore how a given 
phenomenon may spread among those actors. Applied to animal health surveillance, 
spreading phenomena and actors in which researchers have been interested are 
infectious agents and animals or animal populations, on the one hand, and outbreak 
information and animal production stakeholders, on the other hand.

In veterinary epidemiology, network analysis has been mainly applied to study the 
transmission of infectious agents through networks of contacts resulting from the 
movements of animals between livestock premises, regions or countries. Such appli-
cations have been promoted by the existence of livestock tracing systems in many 
developed countries, providing researchers with readily available information on all 
animal movements occurring between premises (e.g. farms, markets, slaughterhouses) 
within a given country over time [1–6]. Such studies are less common in developing 
countries, as detailed movement data are rarely available and require labour-intensive 
primary data collection [7–11]. Other types of contacts that could also lead to the 
transmission of infectious agents between animal populations have also been explored, 
such as the movement of traders and other production stakeholders between premises 
[12–14]. These studies generally aim (i) to assess the possible course, speed and size 
of an epidemic following the incursion of an infectious agent in the network; (ii) to 
identify the most vulnerable and/or infectious premises; and (iii) to assess the effec-
tiveness of surveillance and control programmes. Along the analysis of disease epi-
demic spreading through networks of contacts, a limited number of studies have been 
interested in the dissemination of outbreak-suspicion information through theoretical 
[15] or empirical networks [16, 17]. Assessing the way in which such information are 
shared among production and animal health stakeholders is however crucial in order 
to evaluate, and improve, surveillance effectiveness.

The purpose of this chapter is to introduce some key network analytical methods 
relevant to animal health surveillance evaluation and design. Network analysis has 
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been applied across disciplines to address very diverse theoretical and practical 
questions,1 and many textbooks have been written on this topic [18–22]. We refer to 
them for readers who wish to deepen their understanding of methods presented in 
this chapter. While we will focus here on methods used to characterise structural 
features of a network influencing the spread of a disease or an information through 
it, the methods we introduce are also relevant to the analysis of alternative networks, 
such as networks of organisations involved in animal health surveillance (Case 
Study 11.1). The study of such networks can be useful to pinpoint inefficiencies in 
the management of surveillance activities, to identify barriers to inter-organisational 
collaboration, and, therefore, to provide recommendations for effective interactions 
within and between organisations involved in a surveillance system.

11.2  Network Data

11.2.1  Data Structures and Network Construction

Network analysis is concerned with relational data, which consist of nodes and 
edges. A node, also referred to in the literature as an actor, a vertex, a site, is a unit 
connected to other units through edges. In the case of a disease transmission net-
work, a node would be a host, a population of hosts (e.g. a herd) or a physical vector. 
In the case of an information-sharing network, nodes would usually be people or 
groups of people, such as farmers, traders, animal health professionals, but could 
also be communication devices or data servers. An edge represents an interaction 
between two nodes. The network approach relies on the hypothesis that the structure 
of the network shaped by those interactions influences the way in which an infec-
tious agent is transmitted, or information disseminated. The interaction should be, 
therefore, relevant to the spreading phenomenon of interest, i.e., its presence should 
promote the spread of disease (or information) between nodes. Depending on the 
nature of the interaction, an edge can be bidirectional, if the phenomenon can spread 
in both directions, or directed, if the phenomenon can only spread in a given direc-
tion. For instance, if the interaction of interest is the commercial movement of small 
ruminants in the context of Peste des Petits Ruminants (PPR) transmission, the trade 
of animals from flock A to flock B, but not from flock B to flock A, means that PPR 
virus, which is transmitted through direct contacts between animals, can only spread 
from A to B. The corresponding edge should be directed, with flock A as a sender, 
and flock B as a receiver. In contrast, if we are interested in the mixing of small 
ruminant flocks on pastures or watering points, two flocks mixing on the same site 
should be linked by an undirected edge, with A and B as endpoints, as PPR could 
spread from A to B or B to A, should one or the other flock be infected. All edges in 
a network usually represent one type of interaction. It is, however, possible to 

1 These include the adoption of behaviours, the distribution of socioeconomic relations and their 
determinants, cell metabolism, gene regulation, animal food web stability, cascade failures in engi-
neered networks (e.g. power grids).
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represent multiple types of interactions occurring between the nodes of a network, 
which is then referred to as a multiplex network (Case Study 11.1). While we will 
refer to edges throughout the chapter, they are also called links, ties, bonds, rela-
tions, connections, contacts, and, when directed, arcs, in the literature.

Relational data can be completed with node attributes. These are individual-level 
variables. They can either be upstream, independent variables, which may explain 
the presence of edges (e.g. the type of premises between which animals are moved, 
stakeholders’ occupation), or be downstream, dependent variables, which may be 
influenced by the position of nodes in the network (e.g. infection status). Likewise, 
edges can be given attributes, most commonly a strength (or weight) characterising 
the intensity of contacts between nodes (e.g. number of animals moved between 
farms, frequency of information exchange between stakeholders). Those networks 
for which the edge strengths are specified are said to be weighted.

A network structure is generally presented mathematically as an adjacency 
matrix (Fig. 11.1). It is an n×n matrix, with n rows and columns, n being the number 
of nodes in the network. In the matrix M, the element corresponding to the ith row 
and jth column is denoted mij. It relates to the existence of an edge between the ith 
and jth nodes. If the network is undirected (i.e. edges are bidirectional), the matrix 
is symmetrical and mij  =  mji. In such an undirected network, if edge strength is 
ignored, the network is binary. An edge is either present between two given nodes, 
mij = mji = 1, or absent, mij = mji = 0. In contrast, the adjacency matrix of a directed 
network is asymmetrical, as it contains information about edge direction, with mij 
referring to the existence of an edge from the ith to the jth node. Therefore, if an 
edge is not reciprocal, mij ≠ mji. In weighted networks, mij is then equal to the edge 
strength. For instance, in a network capturing the movement of cattle between 
premises, mij would be equal to the number of cattle moved from the ith to the jth 
premise. A special case arises when i = j. mij relates to the existence of a self-edge—
an edge starting and ending in the same ith node. Such an edge is not relevant for the 
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types of networks in which we are interested, so all the elements mij in the diagonal 
of the matrix M under discussion in this chapter are equal to 0.

Case Study 11.1 Comparative Analysis of the Swine Surveillance System and the 
Informal Health Information-Sharing Network of Pig Farmers in Vietnam [23]
The analysis of health information-sharing networks in the Vietnamese hog 
sector revealed the predominant role of private actors in the dissemination of 
the information, and in the management of health risk. When they experience 
unusual morbidity or mortality in their herd, pig farmers generally seek advice 
from veterinary drug sellers, feed dealers and pig traders. As members of the 
community, governmental veterinarians may be provided with such informa-
tion, through informal exchanges. In this context, they are reluctant to dis-
seminate this information through the official surveillance system, as this may 
affect their relationship with farmers and the wider community (Fig. 11.2). 
This study highlights the challenges faced by the official surveillance system, 
and the social factors limiting the system’s ability to identify suspected dis-
ease outbreaks occurring in swine farms.
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Fig. 11.2 Sharing health information on swine diseases in Vietnam: through the official 
surveillance system (black lines) and the informal network (green lines) [23]
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11.2.2  Study Design and Data Collection

A network is constructed based on the measurement of interactions between a set of 
elements, or nodes. Therefore, elements, interactions and the way these are mea-
sured should be carefully defined, as it will impact on the structure of the resulting 
network, and, therefore, on the analysis and conclusions drawn from it.

First, a set of nodes, and at least one type of interaction connecting nodes in the 
system of interest should be identified. For the analysis to be meaningful, nodes 
need to be comparable. Even when the elements of a network are clearly identified, 
choices may need to be made about the scale at which nodes would be labelled. For 
instance, a node may be an individual animal, an animal population on a premise, or 
an animal population in a given administrative division. Likewise, in an information- 
sharing network, a node may be an individual stakeholder, a group of stakeholders 
(e.g. farmers, veterinary health authorities), or an inanimate object, such as a com-
munication device or a data server. If different types of nodes should be represented, 
multi-level networks may be considered [21]. The population of nodes between 
which connections are studied needs to be delimited. The definition of the limits of 
the population of nodes is non-trivial, as interactions between nodes rarely have 
clear boundaries. Practically, geographical locations, memberships to predefined 
categories, sampling procedures are often used to delimit these populations. As 
mentioned above, the choice of the type of interactions to be captured in the net-
work depends on the nature of the process to be described and explained. If we aim 
to construct a disease transmission network, edges need to represent potential infec-
tious contacts between nodes, such as the movements of live animals or fomites 
between premises. In the case of information-sharing networks, edges would repre-
sent the exchange of a given type of information between nodes, such as suspicions 
of disease events affecting poultry flocks among production stakeholders.

Measurements need to be adapted to the type of interactions under study. They 
may directly, or indirectly, capture the notion of these interactions. For instance, 
cattle farmers may be directly asked with whom they talk about mortality events 
occurring in their herd, or indirectly, by assessing, for instance, their level of trust in 
other animal production stakeholders. Direct or indirect, any measurement approach 
is likely to be associated with specific issues—e.g. recall bias, dubious veracity of 
responses, different interpretations of specific notions by participants and interview-
ers, uncertain association between measurements and the interaction of interest (see 
Sect. 11.4). These issues should be identified and accounted for when interpreting 
the results. While interview-based surveys are widely used to capture a variety of 
relational data, other approaches may be less labour-intensive, more valid and reli-
able, depending on the studied system. These may include the use of archives, sys-
tematic records of animal movements between premises, lists of suppliers/customers 
and minutes of meetings. Regardless of the way in which data are collected, the 
completeness and quality of the information should always be assessed.

In certain cases, such as livestock movement data recorded through a well- 
established tracing system, relational data can be collected exhaustively, 
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capturing all the interactions occurring among all the elements of a system, or at 
least within a subset of them. In the latter case, the data would be referred to as 
partial. In many instances, however, it is not possible, and data need to be col-
lected in the field. If a census of nodes in the system is available, an initial set of 
nodes can be randomly sampled, and their edges recorded. If the nodes with which 
those sampled nodes interact are identified, the approach is referred to as labelled 
star sampling; if in- contact nodes are not identified, it is referred to as unlabelled 
star sampling. Unless a high proportion of nodes are sampled, the constructed 
network may not reflect the actual network. In particular, the network connectivity 
may be underestimated, and the relative importance of sampled nodes overesti-
mated. In contrast to a random sampling, which ignores the dependencies between 
nodes, an approach based on link tracing may better capture the network structure 
as its connectivity is used to identify nodes and edges. Such a sampling design, 
often referred to as snowball sampling, is an extension of labelled star sampling. 
Neighbours of the initial set of nodes (or seeds) which were identified and were 
not among the seeds, constitute the first wave. The edges and neighbours of the 
first wave nodes are listed, and newly identified nodes referred to as the second 
wave. The process is reiterated until a predefined number of waves are reached, or 
until saturation of the node set. As this sampling design relies on link tracing, it is 
particularly helpful when the system boundaries and elements are unknown, and, 
therefore, beyond network analysis, to study hard-to-reach populations. It should, 
however, be noted that the choice of seeds may have a high impact on the structure 
of the constructed network. For instance, if the network is formed of isolated 
components or is strongly structured into communities bridged by a limited num-
ber of edges, this feature may be missed, and only a given component (or com-
munity) may be captured.

It may not always be doable—and suitable—to attempt capturing a whole net-
work and it may be more appropriate to focus on egocentric networks. Such net-
works are formed by an ego (the sampled node), and its alters (nodes with which 
it interacts). It includes edges between the ego and its alters as well as edges 
reported by the ego among its alters. Egocentric networks can thus be sampled 
through standard sampling design approaches and treated as independent observa-
tions. An obvious limitation of the approach is the lack of assessment of the over-
all network connectivity. Egocentric networks have been widely used in the study 
of social networks, in particular to assess the role of the social environment on 
support and welfare, or to identify stakeholders who could benefit from structural 
holes [24]. Examples in the epidemiology literature include Danon et al. [25] and 
Fournie et al. [26]. Sampling design and data collection procedures are further 
discussed in Robins [21].

Instead of capturing all edges existing at a given point in time, or occurring 
within a given time period, relational data can be captured longitudinally. Adding a 
temporal dimension to the network data would allow the description of temporal 
changes in network structures, and the joint evolution of these structures and node 
attributes [27].
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11.2.3  Network Analysis Software

A range of software and programming libraries are available to conduct network 
analysis. The choice of a particular software should be made based on the type of 
analysis to be performed. For the visualisation of a network and nodes’ attributes, 
and the measurement of common node- and network-level metrics, several free and 
open source software exist, such as Gephi [28]. They enable the user to navigate 
graphically within a network, which may account for several thousands of nodes, to 
zoom, colour and change the layout of the whole network based on network metrics. 
Its Graphical User Interface (GUI) is intuitive and the user does not need any pro-
gramming skills. Other user-friendly software exist and include, for instance, Ucinet 
[29], Pajek [30] and the Social Network Visualizer [31].

For some advanced analyses, however, dedicated programming libraries may 
be needed. They require to have some knowledge in a statistical and mathematical 
scripting language such as R [32] or Python. Libraries also exist in general pur-
pose programming languages such as C, Fortran or C++, requiring even more 
programming knowledge, and are mainly useful for users wanting to develop their 
own library. Many advanced network data visualisation and analysis tools exist 
for R and the SciPy ecosystem of libraries written for Python. Available in R, the 
igraph package [33] and the statnet suite of libraries [34] are among the most 
complete. Statnet includes, for instance, the sna package [35], with a large range 
of functions for conducting network analysis; the ergm packages [36], a collection 
of functions to fit, simulate, plot and evaluate exponential random graph models; 
and EpiModel [37], to simulate the spread of infectious diseases over a static or 
dynamic network.

11.3  Network Structural Properties

11.3.1  Node-Level Centrality

A frequent objective of network analysis is the identification of the most important 
nodes. In animal health surveillance, possible definitions of the importance of a 
node may include, for instance, its likelihood (or the time required for the node) to 
become infected (or contaminated) if an infection spread through a network, or the 
amount of health-related information attracted by an actor. Several metrics have 
been developed to assess nodes’ relative importance, each measuring different 
aspects of the node position in the network, relying on different assumptions about 
diffusion processes. There is not a unique measure providing a complete and suffi-
cient assessment of nodes’ importance for all contexts. Instead, based on the 
research objectives and assumptions about the diffusion process of interest, several 
measures may be selected and compared.
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The centrality measures proposed by Freeman [38] are the most commonly used 
node-level metrics: degree, betweenness and closeness. Degree is equal to the num-
ber of nodes to which a given node is connected. It is based on the view that the 
more a node is active and interacts with other nodes, the more central it is in the 
network. In directed networks, we differentiate in-degree, the number of nodes 
sending an edge to a given node, and out-degree, the number of nodes receiving an 
edge from a given node. Similarly, the strength of a node can be defined in weighted 
networks as the sum of the strengths of the edges received by and/or leaving from 
this node. Contrary to degree and strength, which assess the direct connection of a 
node and thus only reflect the local structure of the network, betweenness and close-
ness take into consideration its global structure. Betweenness informs on the extent 
to which a node is located between other pairs of nodes, and closeness measures 
how close a node is from others. Thus, these two measures correspond to two differ-
ent definitions of being central in a network. While nodes that sit on many paths are 
more likely to facilitate the diffusion process, nodes close to others may quickly 
acquire and/or transmit an infection, or an information.

Closeness is classically defined as the inverse of the sum of all the geodesic dis-
tances from a given node to all others. A geodesic distance gij is the length of the 
shortest path between two nodes i and j (i.e. minimal number of edges required to 
connect nodes i and j), with a path being a sequence of distinct edges and nodes 

connecting two given nodes. For a node k, the closeness is N g
i k

ki�� �
�
�1 / , where N 

is the number of nodes. If two nodes i and j are disconnected, then gij → ∞ and the 
closeness is equal to zero. Alternatives may be to assess closeness only within con-
nected components, or, as suggested by Kolaczyk [19], to set up an upper limit on 
gij, equal, for instance, to N or the maximal geodesic distance. Similarly to degree, 
edge directions can be accounted for, leading to the estimation of in- and out- 
closeness. Betweenness is often defined as the frequency at which a given node lies 
on the geodesic path between two other nodes. For a node k, it is given by 
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� � � , where gij/k is the number of geodesic paths between nodes i 

and j passing by k. This definition of betweenness implicitly assumes that a phe-
nomenon diffusing through the network takes the most direct paths to reach a given 
node. An opposite assumption would be that phenomena diffuse without any idea of 
their direction. With random-walk betweenness, the choices of consecutive edges 
from a given node to another are made at random, a path being formed through a 
random walk. All possible paths, and not only geodesic distances, thus contribute to 
the measure [39]. Such a definition may better reflect the stochastic nature of the 
contagion process [9, 11]. With regard to the spread of information, it is likely that 
the most suitable definition falls in between these two extremes [20].

Although degree, betweenness and closeness are often found to be positively 
correlated in empirical networks [13], this may not necessarily be the case, as it 
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depends on the global network structure, in particular its structuration into commu-
nities (see 11.3.2) [40]. Degree considers that all neighbours of a given node are 
equivalent. Some other measures account for the status of those neighbours. They 
rely on the idea that the centrality of a node increases if it is connected to nodes 
which are central themselves. Bonacich’s eigenvector centrality is one of the most 
commonly used of such metrics [41]. It may not, however, always be computable in 
directed networks [20]. A variant, alpha centrality [42], is described and an applica-
tion presented in Case Study 11.2.

Several other centrality measures, variants of those abovementioned, or based on 
other definition of centrality and importance, have been proposed. We refer the 
readers to textbooks mentioned in the introductory section of this chapter. Worth 
mentioning here are the two “prestige” metrics PageRank [43], one of the key algo-
rithms on which Google relies to rank web pages, and Kleinberg’s hubs and author-
ities [44], which could be particularly relevant to explore the flow of information in 
an animal health surveillance network. In a directed network, PageRank’s score of 
a node increases as it receives edges from important nodes. The contribution of a 
sender (i.e. a node sending a directed edge towards another node) to the score of a 
given node is inversely proportional to the sender’s out-degree, ensuring that nodes 
with extremely high out-degree do not pass much centrality on to all receiving 
nodes, and do not disproportionally influence the ranking. In some situations, it may 
be more relevant to consider that the centrality of a node should increase as it points 
towards central nodes. Kleinsberg’s algorithm thus defines, for each node, an 
authority and hub scores; with an authority being a node pointed to by many hubs, 
and a hub a node pointing to many authorities.

Input and output domain sizes, with the latter being sometimes referred to as 
infection chain, are the number of other nodes that can reach and are reachable by a 
given node. These measures have been interpreted as an assessment of the number 
of nodes that could infect or be infected by a given node.

In a weighted network, the computation of geodesic distances depends on the 
interpretation of edge strengths. In contact and information-sharing networks, edge 
strength is generally expressed as being inversely proportional to the distance. For 
instance, the more two farms trade cattle between one another, the closer epidemio-
logically they would be expected to be. Likewise, we may want to consider that the 
proximity between two actors increases with the frequency at which they meet and 
exchange information. The geodesic distance can be then defined as the sum of the 
inverse edge strengths [45], known as Dijkstra’s algorithm. It may not, however, 
exactly reflect the process at play. For instance, if s cattle are moved from premises 
A to B, the epidemiological distance between these two premises may be better 
defined by (1 − p)s than 1/s, with the former being the probability of the infection 
not spreading from A to B given that A is infected, and p the probability of a single 
cattle transmitting the infection. In order to simplify the analysis of weighted net-
works, Kao et  al. [3] proposed to deconstruct networks of potentially infectious 
contacts and to create epidemiological networks composed by truly infectious edges 
that would occur if a given node was infected. Practically, for each initially weighted 
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edge, the probability of infection given that the sender is infected needs to be com-
puted (see an application in [13]). An epidemiological network is then simulated by 
applying a Bernoulli trial on each edge. This network, edges of which can now be 
considered equally, is thus created and analysed as a binary network. As such a 
network is stochastically generated, the procedure needs to be repeated a great num-
ber of times, such that each centrality measure is not represented by a single esti-
mate, but a distribution.

Depending on the research question, the centrality of edges may be of greater 
interest than the centrality of nodes, for instance, if surveillance activities target 
interactions rather than actual nodes, or if the emphasis is on the identification of the 
most important channels through which information spreads, rather than on the 
actors receiving or sending information. Centrality measures described above can 
be then computed for edges by building a dual network in which nodes are changed 
into edges and edges into nodes.

Case Study 11.2 Use of Bonacich’s Alpha Centrality Measure to Assess 
Information Sharing [17]
The amount of information collected by an actor (node) in an information- 
sharing network depends on the centrality of its neighbours. It may also 
depend on exogenous factors, which are independent from the network struc-
ture (e.g. geographical proximity to an outbreak location). These aspects are 
captured by Bonacich’s alpha centrality measure [42]. The vector x of nodes’ 
Alpha centrality is given by: x = αATx + e. AT is the transpose of the adjacency 
matrix, e the vector of exogenous influences on nodes, and α a parameter 
relating to the relative importance of the network topology: The higher the α, 
the higher the contribution of the network structure (endogenous influence) to 
node centrality.

When dealing with information on disease outbreaks, one needs to differ-
entiate “primary” information flows, provided by farmers directly witnessing 
disease signs, from “secondary” information flows (or “hearsay”) involving 
actors sharing an information obtained from someone else. For instance, dur-
ing an epidemic, a farmer may openly talk about disease events occurring on 
someone else’s farm, while dissimulating cases occurring on their own farm. 
Hence, the spread of information results from two directed networks: one 
shaped by “primary” information flows, and another by “secondary” informa-
tion flows. These two networks have the same nodes (individual actors or 
categories of actors) but different edges (relating to the primary or secondary 
nature of the information). A case study was conducted in Northern and 
Southern Vietnam to assess flows of information on avian influenza (AI) out-
break suspicions between groups of stakeholders (e.g. farmers, government 
veterinarians, feed industry). It was assumed that each node i had exogenous 
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sources of information ei that directly came from first-hand witnesses of dis-
ease events. In other words, each value ei was the in-degree of node i when 
only primary information flows were considered. The obtained centrality 
measure can be considered as an indicator of the relative likelihood of each 
node being informed of an AI outbreak suspicion. While poultry farmers were 
most likely to be informed, other categories of actors (e.g. vet shops, feed 
dealers) had a privileged access to information on AI suspicions, depending 
on the farm type and study area (Figs. 11.3 and 11.4).
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Fig. 11.3 Ranges of alpha centrality for different categories of actors. Results are differ-
entiated according to the primary source of information (production type of affected farms) 
and the study area (Northern and Southern study areas)
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11.3.2  Large-Scale Structure of Networks

11.3.2.1  Cohesion
An important question in network analysis is to find out whether nodes in a network 
can directly or indirectly reach one another—i.e. if there is at least one path between 
any pair of nodes. Such a network is said to be connected. However, empirical net-
works can be separated in disconnected components, each component being a maxi-
mal subset of connected nodes. Typically, a single component encompasses most 
nodes, while the rest of nodes are either isolated or grouped in much smaller com-
ponents. In the literature, the largest component is often referred to as the giant 

Fig. 11.4 Information- 
sharing networks of 
avian influenza 
suspicion information 
identified in the two 
study areas in Northern 
and Southern 
Vietnam [17]
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connected component, even though the terms are not actually synonymous in net-
work theory. See Newman [20] for further discussion on this topic. In directed net-
works, we differentiate weakly and strongly connected components, which 
correspond to the maximal subsets of nodes in which any node can reach any other 
regardless, or following, edge directions, respectively. The sizes of the largest strong 
and weakly connected components can be interpreted as estimates of the lower and 
upper bound of the maximum epidemic size [3]. Directed network are often shaped 
around one large strongly connected component, which is associated to an in- and 
an out-component, respectively defined as the sets of nodes that can reach or from 
which the strongly connected component can be reached, following network edges. 
Such representations of network structures are useful to characterise regions of the 
network according to their potential to spread and/or acquire infection or informa-
tion [46]. Identifying nodes, or groups of nodes, the removal of which disconnects 
large components into smaller subsets may allow locating where the network is 
vulnerable.

The connectivity of a network can be further explored by assessing the density, 
clustering coefficient and average path length of its components. The density is the 
ratio between the observed number of edges among a group of nodes and the total 
number of possible edges between those nodes. The clustering coefficient measures 
the degree to which nodes tend to cluster together. Also referred to as transitivity, it 
is classically calculated as the fraction of closed triplets [19]. A triplet is a group of 
three nodes, connected by two or three links (i.e. open and closed triplets). It can be 
interpreted as the probability that two neighbours of a given node are neighbours 
themselves. The direction and weight of edges can be accounted for [22, 47, 48]. 
From an epidemiological point of view, clustering may first increase the speed at 
which a disease spreads within a network, but would then reduce the transmission: 
as several nodes share many neighbours, the number of susceptible neighbours an 
infectious node can infect decreases with successive generations [49]. Local cluster-
ing coefficient, for each node, can also be computed. Often correlated to between-
ness, this measure may indicate the presence of structural holes in a network, i.e. the 
absence of edges between nodes surrounding a given node. In a social network, 
structural holes may contribute to the social capital of an individual, providing them 
with the control of the flow of information (e.g. about disease outbreaks) as this 
individual becomes an indispensable intermediary between other actors who lack 
other alternatives [24]. When a network has a high level of clustering and short 
distances between any two nodes, it is referred to as a small-world [50], a concept 
popularised by the notion of six degrees of separation. In such networks, a disease 
or an information can rapidly reach any region of the network. This feature can be 
assessed by comparing the observed clustering coefficient and average path length 
(i.e. the mean of all geodesic distances within a component) to those of random 
networks with the same number of nodes and edges. In a small-world network, the 
clustering coefficient is higher than in random networks, but the average path length 
is about the same.
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11.3.2.2  Degree Distribution
While degree (or strength) was presented above as a node-level metric, its distribu-
tion provides information about the overall structure of the network. Most, if not all, 
networks of interest for animal health surveillance exhibit right-skewed degree dis-
tribution: most nodes are peripheral, with low degree, whereas there are a small 
number of nodes that account for a large proportion of edges. The presence of highly 
connected nodes, often referred to as hubs, increases the speed at which an infection 
spreads in a network, and lowers the epidemic threshold—i.e. the minimal transmis-
sion level under which infection cannot spread. Indeed, although most nodes are 
peripheral, they are all close to a hub, and once a hub is infected, a large part of the 
network becomes exposed. Such properties are even exacerbated for a class of net-
works, referred to as scale-free. The degree distribution then follows a power-law 
regime [18, 51], appearing as a straight line on a log-log plot. The proportion of 
nodes of degree k is given by Ck−α, with C a constant and α the exponent. In large 
scale-free networks, hubs dramatically reduce path lengths, making them ultra- 
small worlds [52], and the epidemic threshold vanishes. An infection can almost 
instantaneously reach most nodes, and spread despite a very low transmission 
potential [18]. Due to the relevance of those properties for disease dynamics, net-
works presented in the animal health literature are often described as scale-free. 
However, the statistical exploration of these claims is often limited. Estimated expo-
nent values need to be interpreted with caution, and may only be meaningful for 
very large networks, in which the degree spans over several orders of magnitude. 
This is important as network properties depend on α, which typically ranges between 
2 and 3 in a scale-free regime. Conclusions about a network being scale-free are 
sometimes drawn for much higher α values, despite the rapid decay of the degree 
distribution resulting in fewer and smaller hubs, and in network properties difficult 
to distinguish from those of random networks. Moreover, fitting is further compli-
cated as a power-law regime may not be followed by the entire range of the degree 
distribution, due to low- and high-degree cut-offs. Algorithms for fitting degree dis-
tributions and additional details can be found in Clauset et al. [53], Barabási [18] 
and Kolaczyk [19].

Networks with similar degree distributions may greatly differ in the way nodes 
are paired. Degree correlation can be defined as the relationship between the degree 
of a node and the average degree of its neighbours. A correlation coefficient r can 
be computed, with −1 ≤ r ≤ 1 [54], and be generalised for directed and weighted 
networks [47, 54]. In assortative networks (r > 0), nodes tend to be connected to 
other nodes of similar degree. Such pattern leads to the creation of a dense core of 
high-degree nodes linked together, surrounded by a sparse periphery formed by 
low-degree nodes. In contrast, high-degree nodes tend to link with low-degree nodes 
in disassortative networks (r < 0), promoting star motifs rather than a core/periph-
ery structure. While most social networks are assortative, livestock movement net-
works are frequently found to be disassortative [5, 55]. These patterns have 
consequences for the epidemic threshold and the speed at which an infection 
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spreads, both being respectively lower and higher in assortative than disassortative 
networks. Indeed, as hubs would be rapidly infected during an epidemic, connection 
between them would further promote the transmission of infection.

11.3.2.3  Partition
A common objective of network analysis is the identification of cohesive groups, 
within which connections between nodes are frequent. Indeed, the existence of such 
groups, within which the spread of disease and information would be expected to be 
intense, would impact on the effectiveness of a given surveillance design. As with 
the assessment of the importance of nodes, there are many different ways to define, 
and assess, the cohesion of networks. Several criteria have thus been adopted. 
Adjacency-based groups, or cliques, require that all nodes within the group exchange 
edges. As most empirical networks are sparse, cliques are generally small, even in 
large networks. Several variants have been proposed to relax this stringent criterion, 
including k-core, for which each node is connected to at least k other nodes of the 
group. Cohesion can also rely on the concept of reachability: nodes do not necessar-
ily need to be directly connected for the rapid diffusion of an infection or informa-
tion within a group, but they need to be rapidly reachable. n-cliques are thus defined 
as the maximal subset in which all geodesic distances ≤n.

These approaches are based on defining motifs, and then on searching whether 
they are present in the network of interest. Alternatively, we may aim to partition a 
network in an unspecified number of communities—i.e. a locally densely connected 
subset, within which nodes are more likely to be linked with other members in the 
community, than with nodes that do not belong to it. The most common approach to 
detect communities is to maximise a measure of the quality of the network partition, 
the modularity. It assesses whether the number of edges in each group of nodes is 
higher than what would be expected by chance. The partition with the highest mod-
ularity offers the optimal community structure [56]. There are, however, several 
limitations with this measure. The modularity function does not have a clear peak, 
but reaches a plateau around its maximum, making the optimal partition difficult to 
distinguish from suboptimal propositions. Also, small communities are forced into 
larger ones. It may therefore be useful to explore whether large communities exhibit 
an internal community structure. Community detection algorithms generally parti-
tion networks by allocating each node to a single community. Yet, we may expect a 
node to belong to several communities, and therefore communities to overlap. For 
instance, a layer farm may be provided with feed by a given company, sell its eggs 
to another, and be visited by a given veterinary practice. Instead, an edge, rather 
than a node, may be seen as belonging to a specific community. By defining a com-
munity as a set of interrelated edges, all the edges, and not the nodes, of a network 
are partitioned into non-overlapping communities. A node may then belong to as 
many communities as its edges belong to [57].

Rather than grouping nodes which are intensely connected to each other, we may 
aim to identify positions, subsets of nodes which are similarly embedded in the 
network. Indeed, two nodes having similar connections to other nodes in the net-
work may have the same influence on the transmission of an infection or an 

G. Fournié et al.



235

information. Therefore, identifying positions and relationships among them can 
reveal the underlying network architecture shaping the pattern of spread of a given 
phenomenon. This may, for instance, be useful to identify premises which are likely 
to become infected rapidly following the emergence of an infectious agent in a pro-
duction system, and which should, therefore, be targeted by an early disease detec-
tion programme, or, in a surveillance network, to identify stakeholders or 
organizations controlling the flow of information. The analysis of positions is gener-
ally based on the exploration of the structural equivalence of nodes (see Wasserman 
and Faust [22] for alternative definitions of equivalence). An application is pre-
sented in Case study 11.3. Two nodes are said to be structurally equivalent if they 
have the same set of edges with other nodes in the network. As nodes are unlikely 
to be strictly equivalent, the extent to which nodes are equivalent needs to be mea-
sured, using different definition of correlation or distances. Based on these mea-
sures, nodes are then grouped into classes (or positions), using, for instance, 
hierarchical clustering. The edge density within and between those classes can then 
be assessed, and a blockmodel specified. With such a model, rows and columns of 
an adjacency matrix are permuted such that nodes belonging to the same class are 
adjacent to each other. A block refers to the submatrix which includes all edges 
within a class or between two given classes. If nodes were exactly structurally 
equivalent, each block would either be filled with only 0 or 1 s. As this is never the 
case in practice, a statement needs to be made about the presence or absence of con-
nections within and between classes by defining a criterion, for instance, based on a 
block density being lower or higher than the overall network density [22]. An alter-
native statistical approach to positional analysis can be adopted through stochastic 
blockmodelling. The membership of each node to a class is not predefined but deter-
mined independently. The probability of class memberships (i.e. the probability of 
each node belonging to each class) and intra- and inter-class connections is esti-
mated, and can be used to determine class assignment and relationships [22, 58].

Case Study 11.3 A Positional Analysis to Inform Risk-Based Surveillance [11]
A questionnaire-based cross-sectional study was conducted among poultry 
traders operating in the Lake Alaotra region in Madagascar in order to identify 
the fokontanys (fifth and smallest administrative division) where poultry dis-
ease surveillance should take place. A positional analysis was conducted on a 
binary and undirected network resulting from the movement of poultry and 
their traders between fokontanys. The Euclidean distance was used as the mea-
sure of equivalence. For nodes i and j, it was the distance between rows i and j 

and columns i and j of the adjacency matrix: d x x x xij
k

ik jk ki kj� �� � � �� ��
2 2

,  

with xik being equal to 1 or 0 if an edge is present or absent, respectively, between 
nodes i and k. Note that dij = 0 if nodes i and j are perfectly equivalent. Based on 
the pairwise distances, hierarchical clustering was used with Ward’s algorithm 
to partition the network into classes minimizing within-class, and maximizing 
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11.4  Models of Disease Transmission

So far, we have focused on the description of network structural features affecting diffu-
sion patterns. By combining network data and mathematical models of disease trans-
mission, it becomes possible to simulate the spread of an infectious agent through a 
network. Such modelling approaches have been used to assess how network structures 
influence disease dynamics, and to predict the trajectory and scale of disease outbreaks. 
Moreover, by explicitly integrating surveillance and control programmes into the model, 
their effectiveness (e.g. time required to detect the circulation of a new infection) can be 
quantitatively assessed. Models thus have an increasingly important role in informing 
policy development in both the public and animal health sectors.

A model conceptualises the spread of infectious agents within single or multiple 
host populations using mathematical language. Its unit refers to the host. It can be an 

between-class variance [59]. A blockmodel was then developed. There was a 
connection between (within) classes if the inter- (intra-) density was higher than 
the overall network density. The 347 nodes were distributed into 5 classes. The 
third class was the smallest (n = 12) but its nodes were hubs. It was associated 
with the highest intra- and inter-class densities, and was the only class connect-
ing all others. This was because a large market was located in each fokontany of 
that class. This class should therefore be targeted by surveillance programmes 
(Fig. 11.5).

Andrebakely
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Ambohitrarivo

Amparafaravola

Morarano Chrome

Amparamanina

Madiotsifafana

Ambatosoratra

Andreba_Gara 

Imerimandroso
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Tanambe

Fig. 11.5 On the left hand, the figure depicts the poultry trading network. The black tri-
angles indicate the nodes which experienced outbreak(s) during the study period (Dec 
2009–Dec 2010). On the right hand, the figure shows the connections and the nodes belong-
ing to the third structural equivalence class. This class is the only one connected with all the 
other classes in the network. The black nodes experienced outbreaks during the study 
period and nodes sizes are proportional to their random-walk betweenness values. These 
nodes could be chosen for targeted surveillance

G. Fournié et al.



237

individual host (e.g. a cow), or a host population (e.g. a herd). The infectious agent is 
not explicitly modelled, but rather the transition of units through a predefined sequence 
of mutually exclusive health states. In the simplest version, only two health states are 
considered, Susceptible and Infected. Susceptible units become infected if they come 
into contact with an infected unit. Other health states can be considered to reflect the 
epidemiology of the infectious agent of interest within the studied host population. 
For instance, infected units may ultimately recover from infection and develop a life-
long immune protection, they are then said to be Recovered, or the infection may 
cause their death or culling, infected units are then Removed.

In a network-based model, the unit will generally be the network node.2 As nodes 
differ in the way in which they are embedded in the network and a frequent objec-
tive of such analyses is the identification of nodes to be targeted by risk-based sur-
veillance, models are generally stochastic and individual-based. Each node (or unit) 
is explicitly represented, and their infection state is tracked over time. The transition 
of nodes from the susceptible to the infected state is modelled as a random process, 
a Bernoulli trial with the probability of success being the probability of infection. 
When assuming random-mixing, i.e. units are equally likely to contact all other 
units, the probability of infection is the same for all susceptible units. It is expressed 

as 1 1 1� � �� ��c N
It/ [ ] , with N the number of units, It the number of infected units 

at time t, c the average number of contacts made by a unit per timestep, and τ the 

probability of a contact being effective (i.e. resulting in infection if involving a sus-
ceptible and an infected unit). In a network, a node only comes into contact with 
their network neighbours. The probability of infection of a susceptible node i 

between time t and t + Δt is then given by 1 1� �� ��
j

mji jt� 1
, where 1jt is an indicator 

function equal to 1 if node j is infected at time t, and to 0 otherwise. mji is an element 

of the adjacency matrix, informing on the absence (mji = 0) or presence (mji > 0) of 
an edge from node j to i. In a weighted network, mji is equal to the edge strength, i.e. 
the number of infectious contacts between j and i. If the network structure changes 
over time, the actual sequence of edge formation and disappearance can be accounted 
for, with mji now referring to the presence of an edge at time t.

As all nodes are explicitly modelled and their infection status tracked over time, 
different surveillance scenarios can be tested. The infection of a given set of nodes 
after a predefined time period, or the length of time from disease incursion into the 
network to the infection of at least one node of that set can be assessed (e.g. Fournie 
et  al. [13] and Case Study 11.4). Further features of surveillance, such as the 
sampling frequency and the node-level sensitivity can be accounted for. Assuming 
that the diagnostic test is 100% specific, the detection of the infection in a node i at 

2 When a node is a host population (e.g. a herd), it may be relevant to simulate disease dynamics 
within a node, as it may impact on the overall infection spread pattern. Individual-based or com-
partmental meta-population models may be specified [60].
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time t is simulated as a Bernoulli trial with the probability of success being Se it S it
1 1 � �

, where Se is the probability to detect the infection in a node given that it is infected 
and tested,3 and 1S it � �  is an indicator function equal to 1 if node i is among the set St 

of tested nodes at time t, and 0 otherwise. To learn about different types of mathe-
matical models, readers are referred to the textbooks Keeling and Rohani [61]; 
Diekmann and Heesterbeek [62] and Vynnycky and White [63].

3 If the node is an animal, it is the sensitivity of the laboratory diagnostic test. If the node is a popu-
lation, it accounts for the laboratory diagnostic test sensitivity and the sample size.

Case Study 11.4 Modelling Disease Spread and Surveillance Through a Cattle 
Trade Network [64]
The cattle trade network in Mayotte, an island in the Indian Ocean, was stud-
ied to identify which communes should be targeted to detect the incursion of 
an exotic disease as early as possible. The spread of a hypothetical exotic 
disease was simulated based on cattle movement data collected from 2007 to 
2014. In each simulation, all communes were susceptible until the infection 
was seeded in a random commune on a random day. Daily cattle movements 
between communes were then replayed as recorded in the dataset. The prob-
ability Pijd that a commune j was infected by commune i on day d was: 

P pijd

mijd� � �� �1 1  if commune i was infected, and Pijd = 0 if commune i was 

not infected. p was the probability that an animal from an infected commune was 
infectious and transmitted the disease if moved in another commune, and mijd was 
the number of animals moved from commune i to j on day d. A total of 20,000 
epidemic simulations were generated for different values of p. For each simula-
tion and each commune, the time between the day the infection was seeded on the 
island, and the day the commune was infected (“time-to-infection”) was com-
puted, and its distribution across all the simulations was assessed for each 
value of p.

Time-to-infection values were compared between central and outer com-
munes classified based on the communes’ structural equivalence (see 
Sect. 11.3.2) in yearly static networks. The stochastic simulations showed that 
central communes were infected earlier than outer communes when the incur-
sion and spread of a hypothetical exotic disease was simulated on the network. 
The median number of days from disease incursion to commune infection was 
about 1.4 times lower for central than outer communes, suggesting that central 
communes should be targeted by surveillance activities (Fig. 11.6).
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11.5  Conclusions

By characterising the structural properties of a network, it becomes possible to 
assess how these properties may impact on the spread of a disease, or the dissemina-
tion of an information, through the network of interest. For instance, understanding 
the way in which the network structure influences the likelihood and speed at which 
a suspicion of an outbreak reaches the veterinary services, and is communicated to 
the relevant stakeholders, is directly relevant to the assessment of the sensitivity and 
timeliness of a surveillance programme. Premises, or group of premises, which may 
be at higher risk of becoming infected and/or spreading an infection due to their 
position in the network may be identified; likewise for actors, or groups of actors, 
which may have a privileged access to animal health-relevant information. The 
identification of those network nodes which should be or should have been targeted 
by surveillance activities can thus inform the design and evaluation of surveillance 
programmes. We introduced here some key methods to explore network structural 
features which are relevant in the context of animal health surveillance design and 
evaluation. We focused on methods commonly used in the animal health literature 
but also touched on some others which have not, or rarely, been used so far, but are 
nevertheless very relevant to this book topic. There are many more methods, net-
work metrics and algorithms of interest, and we refer the reader to the textbooks 
mentioned in the introduction for further descriptions. This chapter’s focus was on 
phenomena spreading through networks, and how diffusion patterns are influenced 

a b

Fig. 11.6 On the left hand side, the Mayotte livestock trade network. The node size is 
proportional to the number of livestock in 2010. Pie chart: the proportion of communes’ 
cluster membership over the study years (red: central communes, blue: outer communes). 
On the right hand side, the median and distribution of time-to-infection values (in days) for 
the two clusters
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by the network structure. However, a major objective of network analysis, espe-
cially in social sciences, is to identify the fundamental processes that govern how 
network are shaped and organised. Such research questions have started being 
addressed in the animal health literature, especially through the use of exponential 
random graph [65] and gravity models [66] to assess the influence of node attributes 
(e.g. farm type) and edge attributes (e.g. geographical distance between farms) on 
the presence of an edge. We focused on static networks, for which all edges present 
during a given time period are considered to be coincidental. However, depending 
on the speed at which edges are created or disappear and infections or information 
spread, the length of the time period over which edges are aggregated may impact 
on the analysis outcome [1]. Accounting for the temporal sequence of edge forma-
tion when characterising network structural features impacting on disease dynamics 
and surveillance effectiveness is an important area of development in network anal-
ysis [67, 68].
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Abstract

Disease surveillance generates evidence for decision making. Surveillance eval-
uation focuses on measuring the value of surveillance efforts to take meaningful 
actions and to inform policy decisions. This value will depend on how well 
aligned the surveillance efforts are with the fundamental policy question, and on 
the quality of the surveillance evidence (see Part II). The former relates to strate-
gic relevance, the latter to operational performance. This chapter attempts to 
explore how evaluation could help improving the strategic relevance of animal 
health surveillance but also the barriers to the uptake of evaluation recommenda-
tions by policy makers, regardless of the surveillance performance itself.

Keywords
Surveillance value · Strategic relevance · Surveillance operationalization · 
Uncertainty · Forecasting

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82727-4_12&domain=pdf
https://doi.org/10.1007/978-3-030-82727-4_12#DOI
mailto:marisa.peyre@cirad.fr


248

12.1  Introduction

12.1.1  Evaluation at the Strategic Level

Whether pursuing a strategic or operational goal, surveillance evaluation is as much 
a technical endeavour as it is a social one. As such, technical and organizational 
complexities will be prevalent in the operationalization of the evaluation. Other sec-
tions of this book deal mostly with the first type of complexity (see Parts IV and V). 
In this part, we primarily focus on organizational complexities, although we recog-
nize the often blurred division between the two categories. Within the organizational 
domain at a strategic level, evaluation of animal health surveillance systems consti-
tutes a multi- dimensional endeavour given the number of decision steps and the need 
to engage with a diverse stakeholder base with multiple and conflicting values, needs, 
and expectations.

Most of the existing surveillance evaluation frameworks, and related publica-
tions, target until recently surveillance deployment and optimization, i.e. its 
operational and economic performances. The much higher stakes around strate-
gic surveillance evaluation, its uncertainty in part linked with the long-term hori-
zons considered, and the multiple stakeholders involved may have contributed to 
the fewer number of publications on strategic evaluation frameworks and efforts. 
This is worrying. If the question as to why we run a particular surveillance sys-
tem remains unchallenged, or leads to no measure of the value towards informing 
the policy, stakeholder or society demand or need (i.e. evaluation to implement 
meaningful changes), the risk is that surveillance findings, however accurate and 
precise, may become strategically irrelevant. This is an existential threat to 
efforts to improve the operationalization of surveillane and its evaluation 
(Table 12.1).

There are numerous reports of methodologically robust surveillance evalua-
tion exercises that led to imperceptible policy changes [1, 2]. Likewise, exam-
ples of surveillance efforts with dubious policy relevance are prevalent, e.g. 
some forms of dog rabies surveillance where surveillance results provide very 
little evidence on the extent of disease in the targeted dog populations [3]. For a 
number of zoonoses, for example echinococcosis granulosus, the primary policy 
demand is to inform the risk of the disease in the human population. This should 
set the strategic framework against which all surveillance efforts, including 
those on the animal hosts (e.g. sheep and dogs), should deliver towards. To the 
best of our knowledge, there are few reports that measure the relative contribu-
tion of animal surveillance sources to the quantification of human risk, indepen-
dent of the quality of the surveillance operations (as seen in Part III). For 
tularemia in Finland, Rotejanaprasert and colleagues showed the reduction in 
risk uncertainty once rodent population data were integrated with human case 
counts [4].
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12.1.2  The Value of Surveillance and Its Evaluation

Surveillance evaluation focuses on measuring the value of surveillance efforts to 
inform meaningful actions and relevant policy decisions. It would be restrictive to 
limit surveillance value to the reduction of disease risk uncertainty, as shown for 
tularemia. Value is a multi-dimensional concept and other surveillance attributes 
(e.g. transparency) may be at play which could contribute value to other stakehold-
ers (e.g. farmers surely appreciate ease of reporting while policy actors may allocate 
greater value to transparency). Until recently, evaluation frameworks had the ten-
dency to focus on effectiveness technical attributes (e.g. sensitivity) while ignoring 
more qualitative functional attributes (e.g. acceptability), of difficult measurement 
and aggregation. Not addressing the entire range of attributes leads to partial evalu-
ations that may fail to convene sufficient support across the stakeholders’ base for 
surveillance improvements. In other words, there may be a divide between the stra-
tegic evaluation objectives, e.g. to inform the most efficient alternatives towards 

Table 12.1 Summary of considerations towards implementation of surveillance evaluation to 
inform policy decisions

# Considerations Observations
1 Seek parsimony in the list of 

surveillance evaluation 
attributes.

Failure to evaluate all the relevant attributes may lead to 
added structural uncertainty and limited impact of the 
evaluation itself. On the other hand, avoid double 
counting of surveillance evaluation attributes capturing 
similar underlying performance.

2 If surveillance evaluation is 
the answer, what was the 
question?

To stress the importance of a policy-driven evaluation to 
achieve strategic relevance.

3 No disease surveillance is an 
island.

Surveillance system evaluations are better conducted 
within a strategic framework of continuous improvement 
comprising all health-related capacities.

4 Surveillance evaluation is not 
the end but a means to an end.

Evaluation must inform a managerial decision, which, if 
of quality, should lead to a commitment to action [15].

5 Surveillance evaluation must 
improve things, not correct 
failures.

If the perceived message by the relevant stakeholders is 
one of “putting things right or correct existing failures”, 
support from critical stakeholders may dwindle. 
Improvements on evaluation findings may not materialize 
entirely due to lack of wide support.

6 Economic benefits are 
necessary but not sufficient to 
ensure the implementation of 
recommendations.

This is due to the multi-dimensional nature of surveillance 
value. Quantify value as widely as possible encompassing 
as many attributes and stakeholders as required, in a 
matrix design, bearing in mind that different attributes 
will have different relevance to different stakeholders.

7 Quantification over 
qualification.

To support action via quantification of the evaluation 
findings (e.g. limited sensitivity) for all variables relevant 
to the epidemiology of the disease under investigation.

8 Set up regular feedback loops. They should be clearly described and timed in the 
evaluation project plan.

9 Consider not just the technical complexities, but the more critical organizational ones.
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enhanced surveillance sensitivity, and the operational expectations of field officials 
that could hamper implementation of the evaluation recommendations [5]. This, in 
turn, would reduce the impact of the evaluation effort, under the premise that value 
is only realized through the implementation of the evaluation recommendations (see 
next section). As advocated in this book, a comprehensive evaluation framework 
should therefore cover both the strategic and operational demands, and aim to quan-
tify the relative contribution of each relevant operational process towards the strate-
gic goals of the surveillance effort.

Value is unique to each and every stakeholder. Thus, a well-run surveillance effort 
may be strategically irrelevant but still deliver value to other stakeholders. This value 
may present itself in the form of enhanced situational awareness for local stakehold-
ers, e.g. the public or local officials responsible for the conduct of the surveillance 
effort, via the delivery of regular surveillance reports. Methodological challenges 
remain to enable an evaluation accounting for this wide range of values created by 
surveillance across society [6]. Value is also context-specific. In a work to assess the 
relative value of the many rabies capacities that constitute a rabies control programme, 
e.g. surveillance, dog vaccination, post-exposure prophylaxis, the value of surveil-
lance, relative to the other capacities, changed depending on the endemicity of the 
disease, and on whether the setting was one of gains (i.e. to support additional capac-
ity building) or losses (i.e. resembling a situation of budget cuts) [7].

An extension of single disease surveillance is the consideration of multiple hazards. 
In the evaluation of several disease surveillance, led by portfolio managers, the objective 
is the optimization of resources across disease-specific systems, e.g. via portfolio deci-
sion analysis, to deliver the most efficient investment profile [8]. Guo and colleagues 
present a comprehensive framework that combines a multi-criteria- decision-analysis 
approach to address stakeholders’ preferences with cost–benefit analysis. Given disease 
relevance as derived from risk assessments, for a specific spatial and temporal setting, 
different portfolio decision analysis methods can be applied to optimally invest resources 
across diseases [9]. While prioritizations are gaining popularity to inform the relative 
relevance of diseases in a specific setting [10], the translation of the prioritization results 
into resource plans, and within these to specific surveillance improvements across a 
portfolio of diseases, remains both a technical and organizational challenge.

Prattley et al. [9] proposed the need to consider the risk attitude of decision mak-
ers when assessing allocation of surveillance resources across diseases. This consid-
eration also applies to cost-effectiveness analysis of surveillance alternatives for a 
single hazard. Attema et al. [11] showed that preferences regarding investments to 
improve surveillance timeliness and false positive rate (FPR) were affected by cog-
nitive biases, namely loss aversion and probability weighing. The authors also quan-
tified the willingness-to-pay (WTP) for such investments and found that, for rabies 
surveillance, respondents were 2.1 times more willing to pay for improvements in 
FPR than for those in timeliness. The occurrence of the above biases highlights the 
need to develop evaluation frameworks that contemplate such biases prior to sur-
veillance investment decisions (see Parts III–V for methods to do so). Failing to do 
so, for example by ignoring the occurrence of risk aversion, could return biased 
estimates of the effectiveness of new surveillance streams.
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12.1.3  The Delivery of Value Through Implementation 
of Evaluation Recommendations

What does success look like for a surveillance evaluation? And how do we measure 
that success? These two questions should be in the mind of anyone planning a sur-
veillance evaluation, from day one. In Box 12.1, we report on a very successful 
evaluation exercise on bovine spongiform encephalopathy (BSE) surveillance as 
measured by its policy impact in the UK and the EU. The surveillance changes sug-
gested by the evaluation led to large-scale savings from the abolition of testing of 
healthy cattle at slaughter in the UK [12], and the reduction of millions of tests in 
the EU on an annual basis [13]. It is clear from this example that the impact of sur-
veillance evaluation came from the implementation of its recommendations (see 
Chap. 16).

Ideally, estimation of the impact of recommendations should be part of the eval-
uation plan once the identification of gaps and surveillance alternatives, to address 
the gaps, is concluded (see Chap. 16). These alternatives, either to increase overall 
surveillance capability or to maintain/reduce it in the most efficient manner, are 
best evaluated under a portfolio approach to account for synergies in both their 
costs and benefits. This practice, however, is very rare. Most surveillance evalua-
tion efforts tend to describe past accomplishments but fail to formally inform 
future surveillance performance scenarios. Del Rio Vilas and Pfeiffer [14] stated 
that “Evaluation of surveillance should be a continuous process rather than an iso-
lated retrospective exercise that highlights past deficiencies with little bearing on 
the present situation”. We now qualify this statement further into two directions 
linked to the delivery of value: (i) implementation of the evaluation findings, and 
(ii) into the future, so that the retrospective assessment of the surveillance system 
is no longer the end but a means to value delivery. Value in a decision setting is an 
expectation of the probability of the outcome and the “value/impact” of the out-
come. It follows that value quantification from surveillance evaluation needs to 
consider uncertainties associated with the outcome of evaluation, the timing of the 
possible horizons leading to value realization, and the stakeholders’ risk attitudes 
(see Part II).

The concept of linking surveillance evaluation to policy decisions that are most 
often forward looking, and demand estimation of decisions impacts, is not preva-
lent in public or animal health surveillance (Table  12.1). Moreover, current 
approaches to evaluation of surveillance systems often fail to consider the pro-
tracted uncertainty around the input evidence that informs standard surveillance 
attributes, for instance sensitivity. Subsequent models informing the impact of sur-
veillance improvements based on the evaluation results, calibrated on these data, 
despite delivering highly accurate outputs, may lead to suboptimal decisions and 
allocation of resources. The need for surveillance evaluation efforts to allow quan-
tification and propagation of uncertainty to evaluate its impact on the quality of 
decisions appears evident [5, 16].

Regardless of its focus, strategic or operational, surveillance evaluation requires 
a clear and relevant question, a framework, and investment to be implemented (e.g. 
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funding, competences and access to relevant data). From an operational standpoint, 
the more quantifiable, segmented, and actionable these outputs are, the better are the 
chances that evaluation outputs would lead to policy action. Early attempts to inform 
the unobserved number of scrapie affected holdings in the UK failed to provide 
actionable enough evidence (they merely delivered an estimate of the number of 
holdings not captured by the existing surveillance system) to lead to policy actions 
[1, 2]. Later reports tried to increase the policy value of the surveillance evaluation 
results by means of providing greater detail on the spatial distribution of the missing 
holdings [17].

12.1.4  Barriers to Implementation of Recommendations 
from Evaluation

Several motivations may lead to the evaluation of a surveillance system. In general, 
evaluations can be planned, proactive or reactive. Planned evaluations, i.e. those 
part of an established programme of ongoing operational improvement and regular 
strategic review, are not common. Even if a number of organizations may have poli-
cies to this effect, their operationalization tends not to follow the letter. Proactive 
evaluation often originates from internal champions within the organization, both 
from policy or associated research and executive institutions, and frequently not as 
a result of a specific policy demand. This type of evaluation, tends to have a scien-
tific motivation, and reduced resource commitment normally constrained to the 
evaluation exercise, i.e. not expanding to implementation. Lastly, reactive evalua-
tions may stem from responses to enquiries after a failure, or respond to stakehold-
ers’ requests.

Surveillance improvements may not see implementation due to the lack of 
involvement of field staff in the design of the evaluation exercise. The negative 
effects of this poor early engagement are well described elsewhere and result in a 
lack of acceptability and recognition of the evaluation results in the field [20, 21] 
(see Part IV). Also, unless a clear failure in the surveillance system is demonstrated, 
or significant efficiency gains identified, little appetite by senior management for 
changes, or other competing priorities, may hamper implementation of evaluation 
recommendations. Finally, if the perceived deployment costs of the improvements 
suggested by the evaluation are higher than the expected benefits, it might also stop 
its implementation. This limitation has been prevalent as until recently evaluation 
frameworks failed to prioritize the multiple gaps and inform the costs and benefits 
of the surveillance improvement options. As described in Parts II and III of this 
book, newly developed evaluation frameworks promoting comprehensive evalua-
tion including technical (e.g. sensitivity, timeliness), functional (e.g. acceptability) 
and value (e.g. benefits) attributes, should address some of the limitations of the 
existing surveillance evaluation frameworks: (i) the failure to provide an overall 
interpretation of the attributes-specific assessments, (ii) the need to incorporate the 
expectations, perceptions and needs, which would feed into a definition of value, 
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from the multiple stakeholders; and (iii) the need to account for economic value of 
the different surveillance options [22].

Surveillance is just one element in the range of capacities that constitute disease 
management programmes. Single surveillance evaluations conducted outside the 
framework of a portfolio evaluation, whether of multiple disease-specific capacities 
for one hazard or as part of a portfolio1 of multiple hazards, may struggle to attract 
the required resource towards implementation of improvements due to other com-
peting priorities. This of course may also happen within a portfolio approach (as 
budget constraints will force foregoing of valuable projects, e.g. surveillance 
improvements for disease A, in benefit of more valuable ones) (see Table 12.2 for 
the basic principles of portfolio management), but it should lead to no surprises, in 
an ideal world, given the acceptance by all disease managers of a higher goal: the 
overall improvement of the portfolio. This uncertain prospect, i.e. whether the iden-
tified improvements will be implemented or not, contributes another layer of uncer-
tainty in addition to the parametric uncertainty around evaluation outputs. With this 
in mind, surveillance system evaluations are better conducted within a strategic 
framework of continuous improvement comprising all health-related capacities. 
This helps identification of the relative relevance of surveillance improvements in 
the overall capacity building effort, and informs the investment boundaries of 
surveillance- specific improvements.

1 a portfolio considers multiple items between which a resource allocation decision has to be made

Table 12.2 Principles of strategic portfolio management

Principle Observations
Aligned decision forum A dedicated environment for capacity/disease managers 

to share their data, evaluation results and assumptions, 
and discuss the organization’s strategic aims.

Value creation focus The goal is to find the portfolio strategy that maximizes 
value generation for the organization. This must be 
accepted by all capacity/disease managers.

Credible, comparable capacity/
disease evaluations

To allow capacity or disease managers to make and 
accept portfolio-focused decisions.

Embracing uncertainty and 
dynamics

All uncertainties (parametric around evaluation inputs 
and outputs, and those relating to implementation 
success) are addressed explicitly, and updated regularly.

Clear communication and learning 
between capacity/disease managers 
within the portfolio

Quality of data, methodologies, and other technical 
aspects around capacities/diseases evaluations are 
shared, and performance (of projects or portfolio) is 
tracked.

Inclusive, collaborative process All stakeholders participate and derive value from the 
process.

Adapted from “Strategic portfolio decisions. Strategic decision and risk management. Stanford 
Center for Professional Development and Strategic Decisions Group, 2009”
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12.2  The Rest of This Section

Several examples of the integration of surveillance evaluation outputs into the pol-
icy cycle are provided in this section. Staerk describes the early detection of animal 
health hazards in Switzerland as an example of adequate integration of surveillance 
evaluation and disease mitigation. In this introductory chapter, we also contribute 
the impactful application of modelling to the evaluation of BSE surveillance data in 
the UK (Case Study 12.1). The motivation to evaluate BSE surveillance came from 
European authorities in an attempt to assess whether the levels of testing were pro-
portionate to the risk, given the significant decline in the number of positive samples.

Figuie and Binot argue in Chap. 13 the need for innovation to assess the gover-
nance of animal health surveillance. They also highlight the fact that surveillance is 
not just a technical task and focus on the gap between how surveillance strategies 
are being defined versus how they are being implemented, trying to bridge the two.

Staerk also describes in Chap. 14 the attempts to conduct cost-effectiveness anal-
yses of different surveillance sources for early detection in Switzerland. This is line 
with the recent work by Wall et al. [23] who analysed the cost-effectiveness of sev-
eral surveillance schemes for BSE and scrapie. This last work is much welcomed as 
it builds on the limited policy value of previous scrapie surveillance evaluation 
efforts that mostly focused on informing its limited sensitivity [1, 2, 24] or biased 
spatial representativeness [25].

Peyre et al. present in Chap. 15 a first attempt to evaluate the impact of the evalu-
ation itself, applying the theory of change to assess the relative contribution of the 
implementation of surveillance evaluation to reaching out disease surveillance 
wider impacts (e.g. improvement of public health through animal health).

Case Study 12.1 The Methodological Evaluation of Surveillance Evidence: The 
Case of BSE
Introduction

Bovine Spongiform Encephalopathy (BSE) was first detected in the United 
Kingdom (UK) in November 1986. The number of cases increased rapidly, 
and ultimately peaked at over 37,000 in 1992. Epidemiological analysis [26–
28] showed that the rendering of cattle to produce meat and bone meal 
(MBM), and the subsequent inclusion of this MBM in cattle feed, led to the 
recycling of infection in the cattle population, producing exponential growth 
in cases. A number of key control measures were introduced in the UK aimed 
at eliminating the exposure of cattle to feed contaminated with infected 
MBM. A number of similar measures were taken at different times in EU 
member states but the use of processed animal proteins was banned in animal 
feed across the EU from 1 January 2001.

A key element of understanding current trends in BSE prevalence and thus 
the impact of control measures has been analysis of surveillance data. During 
the growth of BSE in the UK surveillance was limited to the reporting of 
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clinical suspects by farmers. However, this form of surveillance relies on 
farmer awareness of clinical signs and on the willingness of farmers to report. 
This was deemed to produce a biased representation of the distribution of 
infection and, in an effort to improve our knowledge of the underlying infec-
tion load, active surveillance was introduced across the EU in 2001.

The aim of this case study is to look at two examples of how the applica-
tion of statistical models to the surveillance data has been used to evaluate and 
improve the surveillance systems and inform policy.

Changes in the age of testing of fallen stock and healthy slaughter
The active surveillance introduced across the EU in January 2001 had 

required healthy slaughtered cattle to be tested from the age of 30 months of 
age, with the other “risk” groups (emergency slaughter and fallen stock) being 
tested from 24 months of age. As the BSE outbreak declined across the EU, 
there was the question of whether the levels of testing were proportionate to 
the risk, particularly as the number of positives per 10,000 animals tested had 
dropped from 1.22 in 2001 to 0.17 in 2007, and was expected to continue to 
reduce. The European Commission then requested that a modelling study be 
conducted to determine the impact on the BSE surveillance system of poten-
tial changes in the ages of animals tested, i.e. how many positives would be 
missed and how would this impact the ability to detect re-emergence of BSE 
if the age at which animals were tested were increased.

The key assumption behind the model was that the observed age distribu-
tion of BSE cases in each birth cohort tended to be similar between birth 
cohorts. Therefore one could predict the number of cases in partially observed 
cohorts using a normalized “age of onset” distribution. The normalized “age 
of onset” distribution was obtained from the proportion of fallen stock/emer-
gency slaughter that had been observed in each yearly age range, and simi-
larly for a separate one for healthy slaughtered cattle [29]. This was done 
using case data from 1994 to 1999. The relative risk of onset for each age 
group relative to the 7-year age group was calculated for each birth cohort. 
The average relative risk for each age group was then calculated over all the 
birth cohorts and this was then normalized to create an “age of onset” distri-
bution for the EU15.

Due to the long incubation period, the prevalence in a birth cohort is prob-
lematic to estimate unless the cohort is more than 6 years old. Therefore, at 
the time of the modelling, there was uncertainty about BSE infection preva-
lence in post-2000 birth cohorts. Model results were produced using two dif-
ferent assumptions: (i) constant prevalence since 2000 (pessimistic, since 
control measures had led to a decline in BSE in successive birth cohorts) and 
(ii) prevalence declining at the rate observed up to and including the 2002 
birth cohort. Since retrospectively it is apparent that the latter assumption was 
more appropriate, only the results from that assumption are reported here.
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The models showed that less than two BSE cases per year in healthy 
slaughtered cattle and in the fallen stock/emergency slaughter stream should 
be expected from increasing the age of testing from 24 to 60 months. In terms 
of detecting re-emergence, it was calculated that with an epidemic growth rate 
of 65% per year (similar to UK in the early 1980s), only 11% of detected 
cases would be under 48 months. Thus, there would be only a small reduction 
in the ability of the surveillance system to detect re-emergence of BSE.

These findings were used as the basis for the EU changing the age of sam-
pling of both healthy slaughtered cattle and fallen stock/emergency slaugh-
tered cattle to 48 months. From January 2009, the member states from the 
EU-15 which could show a declining or low prevalence of BSE and had 
implemented the EU surveillance for at least six years could apply for the 
increased age of testing. The same modelling approach was also subsequently 
applied to provide evidence that the age of healthy slaughtered cattle could be 
increased to 72 months with little impact on the number of cases detected 
[30]. Consequently, the age of testing of healthy slaughter increased across 
the EU to 72 months in 2011.

Revision of the EU surveillance to detect 1 in 100,000
As BSE prevalence continued to decline across the EU, further revisions of 

the surveillance scheme were agreed [31]. This meant that all member states 
with the exception of Bulgaria and Romania where surveillance had been 
introduced later (i.e. the EU-25) would be allowed to test only a minimum 
annual sample of the healthy slaughtered cattle aged above 72 months.

Therefore, EFSA commissioned a model to calculate the minimum sample 
size required for healthy slaughtered animals aged over 72 months that would 
allow detection of BSE with a yearly prevalence of 1 per 100,000 in the adult 
population (over 24 months of age). It was also to advise on the added value 
of this minimum sample in terms of monitoring the trend of classical and 
atypical BSE and for detecting hypothetical re-emergence of BSE. The spe-
cific model used by EFSA has been described in full elsewhere [32, 33].

For this study, individual member state level cattle population sizes and the 
number of positive and tested animals from active surveillance (fallen stock, 
healthy slaughter and emergency slaughter) were available. These data con-
tained the details of over 91 million cattle tested within the EU-25 surveil-
lance scheme from 2002 to 2011 and have been used to inform previous EFSA 
scientific opinions [34].

BSE’s long incubation period, on average 5–5.5 years [35], and the low 
sensitivity of the test until late in the incubation period [36], means that the 
majority of animals die before being detectable by either active or passive 
surveillance. Therefore, back-calculation approaches were adopted to esti-
mate the infection prevalence of BSE by birth cohort [37], which are able to 
account for the long incubation period, the age distribution of the standing 
population, the age at infection and the test sensitivity, in order to calculate the 
number infected that best accounts for the number detected.
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The power of BSE surveillance was evaluated in terms of its ability to 
detect the prevalence of BSE positives in the standing population. Since the 
BSE surveillance only directly tests subsamples of the population, i.e. fallen 
stock/emergency slaughter and healthy slaughter, it was necessary to estimate 
the standing population prevalence from these active surveillance streams. 
The basic idea is that the active surveillance enables the prevalence in each 
birth cohort to be estimated, from which the prevalence in the standing popu-
lation can be derived. One can then relate the power to detect BSE in the 
standing population to the number tested in the healthy slaughter stream.

It was found that for the EU25 overall, sufficient cattle were tested in the 
healthy slaughter stream to meet the target to detecting 1 in 100,000 infected 
cattle in the standing population. Furthermore, for the member states with the 
largest cattle populations, this target was also met at member state level: 
Belgium, Germany, Denmark, Spain, France, Ireland, Netherlands and the 
UK. This led to a revision of the BSE surveillance of the EU-25 (subsequent 
use of the model has now meant revision for the EU-28) so that the testing of 
healthy slaughter is no longer required by member states.

Conclusions
The two cases above are textbook examples of the best use of surveillance 

evaluation approaches to inform policy in the high-profile area of animal and 
public health across the EU.  The cases show the application of statistical 
models to surveillance data to generate predictions of the impact of changes 
in terms of the number that would be missed if the surveillance was reduced.
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13Animal Health Surveillance: From 
Compliance to Real Governance
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Abstract

This chapter focuses on the role of surveillance in the policy process. It promotes 
a general framework to assess the effectiveness of health surveillance systems 
from a social science perspective, based on the concept of real governance. 
Effectiveness of animal health surveillance systems is addressed through the 
analysis of the gaps between, on the one side, the principles and the “official” 
rules and norms and, on the other side, their implementation in real life. 
Practically we suggest to assess the effectiveness of a surveillance system fol-
lowing two stages. First, we expose potential reasons that may explain a lack of 
compliance, from the informants of a surveillance system, with the "official 
rules" supposed to drive this system. Second, we identify and assess the “practi-
cal rules” that concretely drive the exchange of epidemiological information 
among local stakeholders (public or private) and the decision-making process 
(defined as the “practical surveillance system”). These practical rules or norms 
characterize the “real governance” (that is how, concretely, stakeholders are 
organized collectively and more or less informally), often associated with infor-
mality. Understanding the real governance gives the opportunity to identify alter-
native solutions built by stakeholders to address the different issues they are 
facing, and to assess the ability of these stakeholders to organize a collective 
action, sometimes in order to tackle the failure of the administration.
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Evaluation methods described throughout this book contribute to assess the 
relevance and the quality of the data, information and knowledge produced by 
the surveillance system. Surveillance besides its technical aspects raises social 
and political issues and questions. The general framework described in this chap-
ter can bring to the development of innovative pragmatic surveillance tools and 
methods, as described in this book.

Keywords
Animal diseases · Collective action · Governance · Health · Information · Policy 
Surveillance

13.1  Introduction

Surveillance of animal health is one of the instruments of animal health public poli-
cies. Public policies can be assessed on their relevance, effectiveness and efficiency. 
Relevance refers to the consistency between the social needs and the policy goal. 
Effectiveness measures the effects (outcomes and impacts) that can be directly 
attributed to the implementation of the policy instrument and that contribute to the 
policy goal achievement. Efficiency compares the effect of a policy instrument with 
the cost of its implementation [1].

Effectiveness depends on a process that follows in different stages (see Fig. 13.1) 
from issue identification and framing, to policy measures identification and devel-
opment, and policy measures implementation [2].1

In the case of animal health policies, the epidemiological surveillance provides 
data, information and knowledge (see Fig. 13.1) that support the different stages of 
these policies cycle and contribute to their effectiveness. Epidemiological surveil-
lance is also one policy instrument which goes through this policy cycle. Evaluation 
tools for epidemiological surveillance described in Parts III–V of this book contrib-
ute to assess the relevance and the quality of the data, information and knowledge 
produced by the surveillance system (see Fig. 13.1). Our objective in this chapter is 
to adress surveillance as a policy instrument.

When it comes to assessing animal health surveillance systems and their gover-
nance, the conclusion is often that there is a lack of farmers and local vets’ compli-
ance with the official rules designed by the authorities to drive these systems. This 
lack of compliance contributes to a low level of policy measure implementation. It 
does not mean necessary that there is not any activities of surveillance. Informal 
activities may be running, with stakeholders, objectives, rules, norms, decision-mak-
ing process that can be different from what has been planned by the public 

1 Other criteria may be used for policy assessment such as performance or quality. In France, 
according to the LOLF (Loi Organique Relative aux Lois de Finances) and with the emergence of 
the New Public Management, the performances of a public service are defined by effectiveness for 
the citizen, quality for the service users, efficiency for the taxpayers. http://www.credoc.fr/pdf/
Rech/C299.pdf
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administration. In some cases, this surveillance can be completely independent of the 
officially designed system and completely informal. Indeed, most of the time, farm-
ers are organized to manage the risks that they have to face [3], and in cases more 
specific to animal or plant health, professionals (farmers, technicians, traders) 
exchange information related to disease circulation in more or less formal ways [4–6].

We propose here to go a step further in the approach commonly used to assess 
animal health surveillance systems by focusing more explicitly on (1) the assess-
ment of the implementation of this policy instrument and its compliance with the 
rules that are supposed to “officially” drive it (compliance indicates that policy 
instruments are implemented following the lines defined during the policy measure 
development stage)(Fig. 13.1) and (2) on the identification and assessment of the 
“practical rules” that concretely drive the exchange of epidemiological information 
among local stakeholders (public or private) and the decision-making process. 
These practical rules and norms can be more or less informal and explicit; they 
define the “real” governance” of a “practical surveillance system”. The term “real 
governance”, coined by Olivier de Sardan [7] refers to the manner in which public 
good and services are really delivered. It includes the manner in which the State is 
really managed and how public policies are really implemented.

The understanding of the gap between how policy instruments are supposed to 
function (the official surveillance systems with their official rules and norms) and 
how they function in practice reveals factors of local realities (technical, economic, 
social, political). This gap is most of the time supposed to limit the effectiveness of 
a policy [8]. But it is not always problematic. It may be positive in many situations: 

Issue
identification

(1)

Issue framing
(2)

Policy measure
effectiveness (and
ex-post impact
assessment)

(6)

Policy measure
identification (and
ex-ante impact
assessment)

(3)

Policy measure
development/adoption

(4)

Policy measure
implementation

(5)

Data
Information
Knowledge

Fig. 13.1 Main stages in the policy cycle, supported by data, information and knowledge [2]
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it demonstrates the capacity of local stakeholders to adapt exogenous rules to their 
specific situation. It reveals elements of the situation that usually remain invisible 
[7], and it can inspire risk managers willing to set up surveillance systems more 
pragmatic and adapted to local contexts.

In this chapter, (1) we first clarify some concepts such as governance, compli-
ance, practical rules or norms and real governance. Then (2) we apply these con-
cepts to one policy instrument, the animal health surveillance. In the following 
sections, we underline (3) the barriers to compliance that may explain the low level 
of implementation of a policy instrument, in the specific case of surveillance relying 
on passive farmers’ reporting. Then (4) we focus on the gap between how surveil-
lance is supposed to work officially and how it works concretely (the practical sur-
veillance). The understanding of this gap is essential to improve the effectiveness 
and the governance of the surveillance.

13.2  Governance and Compliance from a Social 
Sciences Perspective

In political sciences, the concept of governance is opposed to the concepts of man-
agement and government. “Management” refers to a technical or even technocratic 
approach; “government” describes the authority of the State, hierarchical and con-
straining; “governance” entails more flexible forms of power where public and non- 
public, governmental and non-governmental stakeholders interact [1]. Quite often, 
this term (governance) is used in a normative way (good governance), by institu-
tions such as the World Bank and development organizations, and refers to “an ideal 
governance” [7]. This ideal of governance may vary according to the institutions. 
Social scientists generally characterize it by the integration of different areas of 
knowledge (multidisciplinary knowledge, experts and laymen’s knowledge), inclu-
sion of public values and social concerns in decision-making, rules and norms pro-
moting transparency, inclusiveness and accountability [9].

There are different barriers to complying on the ground with the principles of a 
public policy (referring to poor or good governance) and in implementing its instru-
ments on daily practices. The consequence is a gap between, on the one side, the 
principles and the “official” rules and norms (that are generally designed by central-
ized authorities) and, on the other side, their implementation in real life. Interferences 
are numerous since a sectorial strategy (e.g. health strategy) is nested in a wider sys-
tem that determines its real implementation and its effectiveness ([8], see Fig. 13.2).

Lack of compliance with the “official rules” does not mean that there is no rule. 
“Practical rules” always exist in a social group. They can be endogenous or an adap-
tation of exogenous official rules to the context (including characteristics of the 
local public administration system; material, human or financial constraints; cul-
tural and economic local values). Theses practical rules or norms characterize the 
“real governance” [7]. This “real governance” is often associated with informality 
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and, when it deals with public administration, with corruption or nepotism. But it 
can also be interpreted in a positive way, as a pragmatic adjustment to the local 
context (and to the interests, values social norms of the local network of stakehold-
ers) of the rules established by an upper level of governance (or by foreign organiza-
tions). Understanding the real governance provides the opportunity to identify 
alternative solutions built by stakeholders to address the different issues they are 
faced with, and to assess the ability of these stakeholders to organize a collective 
action, sometimes in order to tackle the failure of the administration. Some aspects 
of this real governance could be assisted, supported and encouraged [7].

Assessing a public policy and its instruments requires considering their level of 
implementation, and the real governance, i.e. how concretely stakeholders are orga-
nized collectively (and more or less informally). It supposes the identification of the 
stakeholders of this network (probably including different stakeholders than the 
ones considered by the official rules, and can be more or less inclusive). The process 
of decision-making among these stakeholders should be analysed (more or less 
explicit, transparent, collective), as well as the way for prioritizing objectives and 
values to be promoted (public health, economic efficiency), and to organize the 
share of costs and benefits (Who pays? Who benefits? Who decides of this share?).

This assessment entails mobilizing social sciences, since compliance and real 
governance deal with psychological concepts such as acceptability and observance 
but also with socio-political ones such as collective action, norms, interests, power 
asymmetry, logic and strategy. How can this approach be applied to an animal health 
surveillance system?

General security context

Educational context

Commercial context

Political
environment

Legal
context

Public administration / Civil service policies

Treasury/
financial

rules

Governance
arrangements

Level of political interference

Health
sector policy

Technical
context

Sociocultural
values

Socioeconomic and macroeconomic context

Fig. 13.2 Determinants of policy effectiveness: example from health policy. (Source: Potter, 
C. C., and J. Harries. 2006. The determinants of policy effectiveness. Bulletin of the World Health 
Organization, 84:843)
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13.3  Assessing the Governance of Animal Health 
Surveillance System: Available Tools

Surveillance system is an information system designed to support a decision- making 
process.

As an information system, a surveillance system includes different steps: (1) 
designing of the surveillance protocols, (2) data collection, (3) data analysis, (4) 
data interpretation, (5) data dissemination, including feed-back to the actors of the 
surveillance system and dissemination to decision-makers, (6) data communication 
to the society [10]. Data collection can be based on different tools, e.g. passive 
reporting, crowdsourcing, and includes tasks such as gathering, recording, organiz-
ing the data; data analysis and data interpretation consist of processing the data and 
turning it into information that can support decision-making in the framework of 
risk management process (e.g. isolating a at-risk population). These data can also 
supply a process of knowledge-building driven by scientist researchers (a process 
essential to support evidence-based policies). The task of designing of the surveil-
lance protocols is generally assumed by public authorities in the case of health 
surveillance.

Surveillance systems cannot be reduced to the technical and neutral operation of 
collecting, managing and analysing information. Surveillance systems include 
decision- making in order to control risks. In the case of epidemiological surveil-
lance, the decision is related to disease control: the objective of epidemiological 
surveillance “is to follow regularly the health status or the risk factors of a given 
population, in particular to detect the emergence of pathological processes and to 
study their development in time and space, in order to adopt appropriate control 
measures”2 ([10] p. 302). Epidemiological surveillance delivers public goods and 
services, and then puts forward concerns of governance.

Promoting the good governance of an animal health surveillance system raises 
many challenges. We propose to characterize it by a circular flow of information, 
based on diverse knowledge, able to support decentralized decision-making pro-
cess, inclusive, transparent and accountable, and directed towards shared objectives. 
It supposes an agreement among the stakeholders involved in the system on the 
question “Who surveys who? And why?” Good governance is an ethical choice but 
it is also the condition for a greater stakeholders’ involvement and for surveillance 
effectiveness. How far are present surveillance systems from this objective and how 
to get closer to it?

There is no specific tool available to assess the governance of animal health sur-
veillance, but the World Organisation for Animal Health (OIE) proposes tools for 

2 Our translation of suivre de manière régulière et prolongée l’état de santé ou les facteurs de ris-
que d’une population définie, en particulier de déceler l’apparition de processus pathologiques et 
d’en étudier le développement dans le temps et dans l’espace, en vue de l’adoption de mesures 
appropriées de lutte.

M. Figuié and A. Binot



267

assessing the governance of veterinary services.3 The OIE suggests to measure it 
through the adherence of national vet services with international standards (using 
the OIE Performance Veterinary Services Tool,4 OIE website) [11]. This may be 
useful as a first approximation, but it also presents limits that Msellati et al. [12] 
underline: this approach relies on rule-based indicators and says little about the 
performance of the services5 and the extent of the application of these rules (i.e. 
their implementation). Msellati et al. note that most of the time the application of 
these rules is limited in particular by corruption that affects vet services as other 
public services [12]. Moreover, we can add that this approach does not take into 
account how these rules have been designed (in a more or less participative and 
inclusive way), and if these rules are based on shared values and interests, and if 
transparency and accountability are considered. However, these elements are essen-
tial in defining a good governance (see above).

Assessing the adherence of nationally designed surveillance systems with inter-
national standards is useful but does not allow understanding how the systems func-
tion in real life. We propose here to include two points in the assessment of 
surveillance systems and of their governance. We do not pretend with these two 
points to cover all the requirements of such an assessment, but we intend to contrib-
ute to improving the current approaches by mobilizing social sciences (most spe-
cially sociology and political sciences).

The first point deals with the level of implementation of the official rules and 
norms that are supposed to drive these systems and the reasons for a potentially low 
compliance. A starting assumption/hypothesis should be that there might be “good 
reasons” for this lack of compliance (e.g. “official” rules might be not adapted to 
local context). Secondly, we propose to take as a second starting assumption that 
even when compliance is low, stakeholders might be organized nevertheless col-
lectively to deal with animal health information, through “practical” surveillance 
systems. This organization may be more or less efficient in the view of the objec-
tives shared by their members; objectives may also be heterogeneous and 

3 The OIE defines good governance of vet services as a way to achieve efficiency for preventing, 
detecting and controlling animal diseases, and for articulating national, regional and international 
levels of management; good governance of veterinary services requires both legislation and the 
necessary human and financial resources (OIE website).
4 PVS is a tool to assess and improve the compliance of a country’s veterinary services with OIE 
standards. The components of the PVS tool are: (1) Human, physical and financial resources to 
attract further resources and retain professionals with technical and leadership skills; (2) technical 
authority and capability to address current and new issues, including prevention and control of 
biological disasters, based on scientific principles; (3) interaction with stakeholders to assist in 
“staying on course” and carrying out relevant joint programmes and (4) access to markets through 
compliance with existing standards and the implementation of new disciplines, such as the harmo-
nization of standards, equivalence and zoning [11]. The PVS tools rely on the assessment of 46 
areas of competencies, eleven of these competencies can be used to measure governance of veteri-
nary services according to Msellati, L., J. Commault and A. Dehove. (2012). Good veterinary gov-
ernance: definition, measurement and challenges. Rev. sci. tech. Off. int. Epiz. 31:413–430.
5 The performances of a public service can be defined as effectiveness for the citizen, quality for the 
service users, efficiency for the taxpayers. http://www.credoc.fr/pdf/Rech/C299.pdf
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conflicting; and they may diverge from public interest (and from the objective of the 
“official” surveillance systems). But this understanding is essential to identify 
members of these systems, their roles, their interests (and conflict of interests), val-
ues, norms and in order to assess the “real” governance that drives concretely the 
process of producing, sharing and using epidemiological information, as well as the 
way to improve it.

We examine in the follow-up these two points (compliance and real governance) 
by focusing on surveillance systems relying on farmers’ reporting.

13.4  Compliance of Surveillance Systems Relying 
on Farmers’ Reporting

To overcome one of the limits of an assessment relying on rule-based indicators, the 
implementation of the official rules should be evaluated and the reasons for a poten-
tially low compliance should be identified. The first step is to identify the official 
rules (based on administrative documents) and then to assess their compliance 
based on participant observation (see Part IV). The second step is to conduct in- 
depth interviews with the stakeholders of the surveillance system (farmers and vets 
mainly but not only) to identify the reasons for this low level of implementation. 
Economic evaluation could also be implemented to assess the share of costs and 
benefits among stakeholders to comply with the surveillance system requirements 
(cf. Part III).These reasons may be numerous and have their own logic (see our first 
assumption). Low compliance in animal disease reporting is often underlined and 
imputed to farmers and field services, as the weak points in the communication 
channel [13]. The reasons evoked are numerous (lack of resources, interference 
with economic interests). But most of the times, that is the farmer’s lack of incentive 
in collaborating to animal disease surveillance that is emphasized.

The lack of compliance in “playing the game” (and in following its rules) may 
have many other sources. Surveillance systems are often centralized and character-
ized by an asymmetry of information (lack of feedback) and an asymmetry of power 
between its members (in the decision-making phase). Quite often, these systems 
organize a kind of bottom-up flow of information from the basis of data providers 
(e.g. farmers), to decision-makers (e.g. centralized vet authorities). Farmers when 
they report information to the authorities do not always receive any relevant feed- 
back and do not benefit directly from this surveillance. Farmers may also be more 
concerned by diseases which are not considered by the existing surveillance sys-
tems (see Box 13.1). In these cases, farmers’ motivation to report events related to 
the health of their animal is low. A mix of bottom up and top down approaches are 
sometimes developed to support the adoption of surveillance national policies in the 
field (see Chap. 14).

Even if the collection of data is participative (i.e. participatory epidemiology), 
the decision-making can be authoritarian. In this case, farmers can feel more like 
objects of surveillance than part of a collaborative network of information.They 
may be seeking to escape from this surveillance and to the consequences of the 
decision that information may generate, potentially in opposition with their 
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short-term interests (such as sanitary culling) [14]. Surveillance systems may also 
voluntarily encompass more than just disease control. Fintz [15] studied avian flu 
(H5N1) management in Egypt in 2005–2006 and showed how the accompanying 
rhetoric was conducive to the development of strong dynamics, leading to the impo-
sition of emergency measures, and an agricultural modernization vision. Surveillance 
can then be seen as a form of “biopolitic” [16], a way for a centralized authority to 
exert power on population, to control their practices and behaviours. Lack of farm-
ers’ collaboration can then be seen as a form of resistance.

If official rules are not implemented, what are the rules that in practice drive the 
collective action locally organized to deal with animal health issues (following our 
second assumption)? The identification and assessment of this real governance is 
the second step of the approach that we propose.

13.5  Real Governance, “Practical” Information Systems 
and Their Limits

Different studies show that despite a low compliance with official surveillance sys-
tems, farmers are interested in sharing epidemiological information and use it for 
their decision-making. According to these studies, farmers, but also technicians and 
traders share epidemiological information. This information flows between local 
actors, mobilizing a categorization of diseases, a “definition of cases”, alert thresh-
olds and decision-making processes on their own ([5, 17]; see also [6] for plants 
diseases). This share of information is driven by practical rules (sometimes implicit) 
and social values. Information sharing is not limited to animal diseases but may also 
include market information, innovation, know-how sharing, etc. (see Box 13.1). To 
identify these practical surveillance systems, experts may adapt methodologies 
available to analyse network of social actors [18]6 since formalized and specific 
tools are still lacking.

The discrepancy of these practical systems of information sharing with the offi-
cially designed systems reveals social realities: local constraints, knowledges, 
norms (social, professional), values and concerns, role of traditional authorities, 
rules of reciprocity, etc. (see Box 13.1). This gap can be interpreted as a local adap-
tation of the official centralized model to local constraints or as a local response to 
farmers’ dissatisfaction with official systems. It can be interpreted as a sign of the 
weakness of the administration but also as the autonomy of local levels of gover-
nance in relation to centralized authorities.

These “practical” surveillance systems have also strong limits. They can be effi-
cient in protecting local interests (in relation with sanitary but also economic, social, 
political issues), but they can hardly replace official surveillance systems when it 
comes to protect public or global goods. The informal systems analysed in the 
quoted studies have their own logic: they are designed to minimize the local effects 
(e.g. economic effects by the quick sale of sick animals outside the network) rather 

6 See, e.g. Pham [19] and Delabouglise et al. [21]
7 The distinction between value/belief and instrumental rationality is not entirely satisfactory. 
Value/belief rationale actions could serve individual interests in the long term. A calculation and 
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than to prevent the spatial spread and extension of pathogens. They support indi-
vidual decisions mainly at farm level that may contribute to export risks outside the 
community of the members of the network.

Understanding how surveillance systems run in practice is a powerful tool for 
designing more effective systems. These systems are a kind of social experimenta-
tion [20] and as mentioned above, they can inspire risk managers in designing more 
acceptable instruments. Their understanding gives basis to reshape a surveillance 
system which may take into account local interests, values and social organizations 
in order to increase their acceptability and consequently their effectiveness and 
efficiency.

Box 13.1 Examples of informal surveillance systems
In Vietnam and Thailand, in several villages where poultry rearing was the 
main activity, farmers reportedly exchanged information on the health status of 
their animals [5, 17]. This constituted an informal farmer-formed epidemio-
logical monitoring network that was relatively independent of the systems set 
up by the veterinary health authorities. The information exchanged informed 
everyone on the poultry diseases present, thus enabling them to take preventive 
(increased monitoring of their own birds, restricted entry on the farm, cleaning 
of the premises, etc.) or mitigation (advanced sale of animals) measures.

Farmers are altruistic when they inform their neighbours about the out-
break of an infectious disease causing high mortality, such as avian flu. What 
drives these farmers is also the hope of being paid back, i.e. to be informed 
when there is a disease outbreak on a neighbour’s farm.7 Moreover, if the 
farmers in the case mentioned above adopt altruistic behaviour with regard to 
other members in their community, then this behaviour is selfish with regard 
to non-community members. Social (family, professional network) and geo-
graphical (within a few kilometres) proximity facilitates information flow 
within a small network [17]. Disease outbreaks are, however, not revealed to 
potential buyers outside the collective—it is essential to quickly sell animals 
exposed to the disease in order to curb economic loss. This comes with the 
risk of contaminating the livestock of external buyers or jeopardizing con-
sumer health. Moreover, this information is not transmitted to veterinary 
authorities—livestock farmers expect little support from these authorities and 
strive to avoid potential coercive measures (sanitary slaughter, set up of a 
quarantine area, etc.).

Similar examples have been reported by Paul et al. [5], who studied avian 
flu management by Thai fighting cock breeders; Delabouglise et al. [22] and 
Pham et al. [19], who studied poultry and swine health information sharing 
networks in Thailand (2017) and Vietnam (2016), respectively, and by Prete 
[6] in a study on tomato disease surveillance in France.

the expectation of receiving a return payment could justify solidarity.
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13.6  Conclusion

Surveillance, besides its technical aspects, raises social and political issues and 
questions such as “who keeps who under surveillance and why?” That is a key ques-
tion when assessing the governance of an information system.

With global emerging infectious diseases and the subsequent globalization of the 
animal health issue, animal health policies are increasingly focused on cross-border 
diseases, on pandemics threats and on the objective of building centralized systems, 
internationally connected, based on standardised tools and recommendations codes. 
Global health policies push for more harmonized and connected surveillance sys-
tems. But “one size does not fit all”, in particular in the case of passive farmers’ 
reporting systems depending on farmers’ routinized observations of their animals 
[13]. Global information systems will not function without farmers’ reporting. And 
farmers’ reporting will not work without taking into account local issues of health 
of animals and local concerns [23]. Surveillance systems “must be tailored to meet 
the needs and fit within the constraints of the different specific contexts” [13]. 
Otherwise they may lack effectiveness and may be replaced by informal and local 
surveillance systems that can hardly be performant when it comes to controlling 
diseases of global scope that threaten the public good. Nevertheless, understanding 
how animal health surveillance works in real life is essential to improve the collec-
tive ability to control animal diseases.

We propose here a general framework to assess animal health surveillance sys-
tems as a policy instrument from a social science perspective based on the concept 
of real governance. We believe that this assessment can contribute to improve the 
governance of surveillance systems. This general framework still needs to be trans-
lated in practice to serve a pragmatic surveillance using some of the innovative tools 
and methods presented in this book (Parts III, IV and V).
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14Integrating Health Surveillance 
Evaluation Outputs in the Policy Cycle
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Abstract

Policies on animal health are set by government authorities, private organisations 
and companies, and accordingly, can be compulsory for all or only for certain 
suppliers. The objective of integrating evaluation in the policy cycle is to provide 
a mechanism to obtain feedback on the effectiveness and efficiency of policy 
implementation and—in the case of implementation and/or impact deficien-
cies—to inform changes to or adaptation of policies, if necessary. This chapter 
explore the links, often too loose between the strategies defined at the policy 
level and their practical evaluation in the field; and how this could be improved 
to promote positive and dynamic changes.

Keywords
Health surveillance · Policy cycle · Decision making · Evaluation

14.1  Introduction

Policies on animal health are set by government authorities, private organisations 
and companies, and accordingly, can be compulsory for all or only for certain sup-
pliers. Animal health policies can affect farmers, veterinarians and businesses 
including suppliers, processors and retailers of animal-derived products. The policy- 
making cycle includes all steps from “agenda setting”, over “policy formulation” to 
“implementation” and finally “evaluation” (Fig. 14.1).
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The objective of integrating evaluation in the policy cycle is to provide a mecha-
nism to obtain feedback on the effectiveness and efficiency of policy implementa-
tion and—in the case of implementation and/or impact deficiencies—to inform 
changes to or adaptation of policies, if necessary. For example, in the case of animal 
health, the policy cycle includes the decision to set a certain pathogen on the animal 
health agenda, the control objective (e.g. impact mitigation or eradication) and the 
selection of the appropriate control strategies such as vaccination, stamping out or 
treatment, if available. Surveillance provides the feedback mechanisms necessary to 
assess the progress of disease control.

In this chapter, we focus on the evaluation of surveillance activities, but it needs 
to be remembered that surveillance remains an integral part of disease mitigation [1] 
and that the economic value of surveillance information needs to be considered in 
this context [2, 3]. As described in Part III of this book, the link between surveil-
lance and intervention is particularly relevant in the context of economic evaluation 
of surveillance efforts as both elements are incurring costs while contributing to the 
joint benefit of disease mitigation.

Fig. 14.1 Linkages 
between the disease 
mitigation policy cycle and 
the related surveillance 
activities
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14.2  Limited Application of the Evaluation of Surveillance 
System to Inform Policy

Evaluation of surveillance systems should specifically provide feedback on the 
design, implementation and utility of surveillance (Fig. 14.1). As such, the evalua-
tion includes aspects of the design and implementation of surveillance using meth-
ods and tools discussed in earlier chapters of this book. When a formal evaluation 
of surveillance is conducted, this process forms an integral part of the surveillance 
cycle. Depending on the governance of a specific disease control programme and its 
related surveillance, the mechanism of initiating evaluation, conducting evaluation 
and integrating evaluation results will vary.

Most examples of surveillance evaluation conducted to date were set in the pub-
lic domain, i.e. the disease control programme, the related surveillance as well as 
evaluation—if implemented—were designed and executed by government veteri-
nary services. However, the policy framework including evaluation is of course 
equally applicable to privately run surveillance programmes.

The practical implementation of surveillance evaluation will be easier if envis-
aged from the start, i.e. planned already at the point of implementing a surveillance 
activity, and not only after the surveillance programme has been running for some 
time. Prospective planning will help collect the right data and indicators and there-
fore allow for an efficient evaluation process with the relevant information readily 
available. To date, however, this is rarely the case because most surveillance activi-
ties have been established at some time in the past and may have been operating for 
many years while the idea to use evaluation as part of their life cycle is—at least in 
the animal health context—a relatively recent addition in most countries [4]. The 
consequence of this is the need to design the evaluation post hoc. The probability 
that the information needed to inform the evaluation will have been collected is rela-
tively small. Therefore, such evaluations are often much more resource-consuming 
than evaluations which have been planned from the moment when a new policy was 
implemented and the related legislation was passed.

At present, there are not yet many examples available to illustrate the interplay 
between policy setting and evaluation including disease mitigation, surveillance and 
evaluation. One example is the evaluation of surveillance for early detection of 
emerging animal health syndromes in Switzerland (Box 14.1). This example illus-
trates the prospective integration of surveillance evaluation in the cycle: A new sur-
veillance activity was started and from the beginning, evaluation was planned as a 
milestone to inform the decision whether the activity should be continued or not. 
Nevertheless, the practical experience in this case demonstrated that the data col-
lected prospectively were not sufficient and more had to be collected to allow for a 
robust evaluation result. Particularly, economic data are often lacking. These include 
both simple cost information as well as more complex information to quantify the 
benefits of surveillance activities [2].

A similar example is the monitoring of antimicrobial usage in livestock in 
Germany. The relevant legislation was passed in 2014 and requires the recording of 
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all antimicrobials using specified formats. In the legislation, a first evaluation of the 
legislation after five years was fixed.

Box 14.1 Evaluation of Surveillance for Early Detection of Animal Health 
Syndromes in Switzerland [5]
A substantial portfolio of activities, tools and programmes was introduced in 
Switzerland for the early detection of signals caused by emerging animal 
health hazards. The aim was to generally strengthen prevention. The legal 
basis for this early warning system was passed in 2013. Since, selected ele-
ments of this programme as well as its overall performance were formally 
evaluated in 2015. The evaluation built on recommended good practice both 
from the veterinary field as well as from general good practice in evaluation 
from other sectors.

The early warning activities covered by the evaluation were numerous and 
diverse. The main focus was on syndrome detection, and all reporting was on 
a voluntary basis. Most livestock species were included and a very broad 
range of stakeholders was involved such as practicing veterinarians, meat 
inspectors and diagnostic laboratories. All reporting of suspect syndromes is 
made on a voluntary basis. A range of incentives is used in combination with 
intensive communication and dissemination of data to sustain motivation and 
awareness among all stakeholders.

The evaluation was meant to be formative, i.e. to inform and improve the 
next phase of programme implementation and operation. System attributes 
were used as recommended in most evaluation guidelines. These attributes 
included among others coverage, representativeness, sensitivity and accept-
ability. Additionally, economic evaluation was attempted including cost- 
effectiveness assessment. However, because evaluation attributes had not 
been specified at the start of programme implementation, the capacity to col-
lect the required data post hoc was limited, and the evaluation remained 
largely qualitative. Assessment of stakeholder opinion was an integral part of 
the evaluation. Beneficiaries of each early detection component were identi-
fied and included as stakeholders. Data were collected using online question-
naires, individual interviews and group workshops.

Performance by attribute varied for individual system components reflect-
ing the diverse nature and approaches implemented. The main challenges 
were identified in aligning what different stakeholders expected from a sys-
tem, in quantifying the utility of a component and in assuring the sustainabil-
ity of voluntary engagement in syndrome reporting. The evaluation of the 
overall programme demonstrated that system borders were difficult to draw as 
many activities informed surveillance as well as control. It was also noted that 
communication of evaluation results requires careful planning. In the final 
workshop, stakeholders tended to react defensively towards evaluation out-
comes that indicated room for improvement. Communication of results should 
be conducted such that it is perceived as formative feedback rather than 
criticism.
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14.3  Loose Links Between Surveillance Cycle and Policy 
Cycle: The Need for Evaluation

Most current animal health surveillance programmes have been running for some 
time and started when the benefits of evaluation were not yet sufficiently recognised 
to integrate it from the start. Therefore, evaluation is not formally envisaged and not 
yet systematically integrated in the policy cycle for many programmes. Even worse, 
many surveillance activities appear to be conducted on a routine basis quite detached 
from the policy cycle and sometimes even detached from other hazard mitigation 
activities with which they should be linked. In the absence of evaluation or even 
regular review, this situation can lead to inefficient use of increasingly scarce sur-
veillance resources. Examples of such surveillance activities can be found in most 
surveillance portfolios of national veterinary services and also at multi-lateral level.

For some disease control programmes, the lack of systematic review and chal-
lenge is understandable as they are founded on international trade standards and 
therefore considered compulsory and non-negotiable. However, even for such pro-
grammes, it would be useful to regularly review their effectiveness and perhaps to 
challenge their utility. As progress is made in the design and conduct of all aspects 
of surveillance, existing programmes become outdated and inefficient. For example, 
when novel diagnostic tools become available the continued use of a test with lower 
performance should be reflected. As many countries rely on surveillance designs 
recommended by international organisations such as the OIE, the regular and timely 
review of relevant codes and standards is essential. The use of evaluation is yet to be 
integrated in international surveillance standards.

Another critical point in the policy cycle is when control objectives for a specific 
hazard change and, therefore, surveillance programmes may have to be adjusted or 
redesigned. These policy transitions occur at the interface of the different stages of 
hazard mitigation reflected by their respective control objectives [1]. As the control 
objective for a hazard moves from establishing baseline prevalence estimation to 
control and subsequently to elimination (i.e. demonstration of freedom), the design 
of the accompanying surveillance activities needs to be adjusted. Therefore, evalu-
ation is required both at the programme level (i.e. does the control policy achieve its 
old and/or new objective) as well as at the surveillance level (i.e. does surveillance 
provide suitable information to inform intervention decisions). This “moving tar-
get” of surveillance can be illustrated by the example of bovine spongiform enceph-
alopathy (BSE). More information is provided in Box 14.2.

Box 14.2 Evaluation of Surveillance of Bovine Spongiform 
Encephalopathy (BSE)
BSE emerged as a novel syndrome in ruminants in the 1980s in the United 
Kingdom and subsequently led to far-reaching changes in livestock produc-
tion practices, animal identification and animal health standards in Europe 
and worldwide [6]. Intensive surveillance activities became a prerequisite for 
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A specific policy-related challenge is encountered when international standards 
or trade agreements specify the design of surveillance. For example, the design of 
brucellosis and leucosis surveillance in Europe is fixed in European legislation. For 
other hazards, more flexible designs are allowed in the relevant legislation. This is 
for example the case for avian influenza surveillance in Europe, where a range of 
surveillance system components are available including both wildlife and domestic 
avian populations. If there is a lack of design flexibility, the utility of surveillance 
evaluation will also be limited as alternative designs will not be acceptable within 
the legal framework, even if they would be more effective or efficient.

participation in international trade, and most countries introduced or had 
introduced such programmes by the end of the millennium. Most surveillance 
designs included testing of very high numbers of slaughter cattle using expen-
sive surveillance protocols. In combination with a range of interventions, BSE 
occurrence continued to decline to currently very low levels (see www.oie.
int). However, most countries have sustained surveillance efforts to minimise 
the risks of trade disruptions. Because the costs of BSE surveillance are sig-
nificant, evaluation efforts have started in some countries. For example, as a 
first step, Germany quantified the economic costs of its programme [7]. 
Although only direct costs were included, the total costs were estimated to be 
as high as two billion euros. To fully judge this result, it would have to be set 
in context of the value of the industry and benefits in general. Economic eval-
uations of BSE programmes in other countries have been scarce. A formal 
evaluation of a full BSE programme was only reported for Canada [8] where 
the evaluation specifically considered the attributes of relevance and perfor-
mance. The latter also included more qualitative attributes such as informa-
tion sharing, collaboration between agencies and sustainability of technical 
expertise. More efforts were dedicated to redesigning sampling strategies in 
order to reduce efforts and costs while sustaining performance. An example is 
available for the UK where analyses to increase cost-effectiveness were con-
ducted [9]. As the expected number of cases continues to decrease, the costs 
of detecting cases increase. A shift of surveillance focus from abattoir testing 
to farm-based surveillance of suspected cases was found to be most cost- 
effective. However, policy makers—when presented with the results—were 
cautious about making changes in active surveillance mostly due to the risk of 
losing trust among trade partners. An EU-wide evaluation of the technical 
performance of BSE surveillance showed that the performance exceeded 
international requirements for the EU as a whole and also for selected indi-
vidual countries [10]. These results contribute to the policy changes intro-
duced in 2013, lifting the requirement of testing of all healthy cattle at 
slaughter. An application from Croatia to change its surveillance programme 
accordingly was subsequently positively assessed by EFSA [11].
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14.4  Practical Implementation of Animal Health Evaluation 
Versus Standard Requirements

Some legislation focuses on surveillance inputs rather than its outputs. Input mainly 
refers to the specification of a sample size and the population strata in which sam-
pling needs to be conducted. Such detailed descriptions of inputs can be encoun-
tered in numerous surveillance standards and legislations. The impact on 
standardisation and efficiency was recently discussed for example in the context of 
antimicrobial residue surveillance [12]. In general, it would be more appropriate to 
define the performance (or output) that should be achieved by a surveillance activity 
while leaving the detailed aspects of the design open such that the country or farm 
can have more flexibility to determine a design that both fits the practical situation 
in the field as well as meets performance requirements. So-called output-based stan-
dards are increasingly being promoted yet remain relatively rare at the moment [13]. 
One notable example of an internationally standardised programme using such per-
formance indicators was the global rinderpest eradication programme [14].

In a situation where surveillance design is fixed, the impact of surveillance evalu-
ation on policy will be very limited. If there is more flexibility at policy level, a 
range of outcome options are possible. Depending on the feedback from the evalu-
ation, the design of a surveillance programme can be modified. Simpler adaptations 
include, for example, the switch to a better diagnostic protocol (i.e. more sensitive, 
more specific, quicker, less expensive, more practical matrix), the change of the 
sampling location (farm vs. centralised), or the switch to pooled samples with 
related sample size adjustments.

14.5  Evaluation to Inform Dynamic Changes

More complex changes may be necessary if the disease control objective has 
changed, for example moving from prevalence estimation during an eradication 
campaign towards documenting freedom from disease (or infection). This is an 
expected change in a successful programme, but can nevertheless be challenging 
either because the test sensitivity is not sufficient or because of the lack of an 
accepted prevalence level that is expected to be low enough to reflect acceptable risk.

After disease absence has been documented reliably by surveillance results over 
some time, it may also be considered to change from active surveillance designs to 
more passive approaches, i.e. suspect case reporting. This is an option only for dis-
eases with clinical signs that are specific enough for early detection of suspect cases. 
However, if this requirement is fulfilled, passive reporting is an efficient approach 
and is internationally practiced and accepted, for example for foot-and-mouth dis-
ease. Nevertheless, the decision to stop active surveillance is a big step that has 
rarely been taken by any government so far. It is likely to be dependent on the eco-
nomic gains from less testing as well as the alternative needs for surveillance for 
other, more serious, more prevalent or more costly hazards. The case of BSE is 
likely to provide a case example for such a scenario soon.
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14.6  Conclusion and Way Forward

In summary, the integration of surveillance evaluation into the policy cycle for ani-
mal disease mitigation is still in its infancy. Only a few countries have made evalu-
ation a compulsory requirement for renewing budget for disease control programmes. 
However, in a time of increasingly limited budgets, veterinary services are likely to 
increase their use of evaluation as it provides a structured and transparent approach 
to inform policy and budget decisions.
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Impact evaluation is increasingly requested from research for both donor and social 
accountability (Faure et al., Agric Syst 165, 128–136; 2018). Conducting it properly 
is difficult, especially in the context of a developing country. Quantitative studies are 
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actors’ participation in impact evaluation. CIRAD has developed a method 
(ImpresS) and applied it to assessing 13 case studies, each of them including a clus-
ter of projects involving research and conducted in widely different environments 
(Faure et al., Agric Syst 165, 128–136; 2018). One of the case studies looked at the 
impacts of the use of innovative evaluation approaches to strengthening animal 
health surveillance. This research was implemented by Cirad and its partners 
between 2009 and 2016  in order to develop innovative evaluation approaches to 
evaluate animal health surveillance systems in South East Asia (REVASIA: http://
revasia.cirad.fr ). In this chapter, we present how the impact evaluation approach 
based on the theory of change can help in framing surveillance programs and also 
how this approach can be used to assess the impact of the evaluation itself.

Keywords
Impact · Evaluation · Theory of change · Surveillance

15.1  Introduction

Impact evaluation is increasingly requested from research for both donor and social 
accountability [1]. Conducting it properly is difficult, especially in the context of a 
developing country. Quantitative studies are often biased toward expected and tan-
gible impacts. Complementary and more qualitative approaches are focused on 
understanding causality and are more in line with actor’s participation in impact 
evaluation. The impact assessment method developed by Cirad combines both 
approaches. The method is based on the theory of change, which looks at all the 
steps required to foster changes in behaviors to reach a specific impact.

15.1.1  What is a Theory of Change?

A theory of change (TOC) presents a roadmap defining all the steps required to bring 
about a given long-term goal. This set of connected steps usually includes: the inputs—
the resources (funding, competences, etc.) needed to undertake the activities, the activi-
ties could be those done as part of a research program, a health policy program, etc.; the 
outputs—the results generated by the activities (e.g., the development of a cost-effec-
tive surveillance protocol); the outcomes—the results of the outputs which are taken up 
by the actors involved in the innovation process with changes in terms of practices (tech-
nics and organization) and behavior (e.g., the integration of the new efficient surveil-
lance protocol within the national surveillance system); the impacts—the long-term 
effects generated by the outcomes (e.g., the improvement of animal health due to the 
implementation of the new efficient surveillance protocol). The impact is defined here 
as the long-term effects induced by the interventions and could be of multiple nature 
(economic, social, sanitary, political, etc.), multiple levels (individual, institutional, 
regional, national, etc.), and of different types (positive or negative; direct or indirect).

The steps of the TOC and the links between them are often depicted on a map 
known as a pathway of change/impact pathway, which is a graphic representation 
of the change process (Fig. 15.1).

M. Peyre et al.

http://revasia.cirad.fr
http://revasia.cirad.fr


285

The theory of change could be used with an ex-ante evaluation perspective 
(planning), an in-itinere perspective (monitoring), or an ex-post evaluation of 
research project or development interventions. From an action perspective, the 
TOC is useful to identify and monitor all the changes required to reach expected 
impacts [2] (Fig. 15.1). This theory applies to any type of action, which requires 
behavior and social changes [3].

In order to have an impact, a research invention (i.e., the output, e.g., a cost- 
effective surveillance protocol generated from an evaluation work) needs to interact 
with other actors, which use and adapt the research outputs, in order to change 
things in place (i.e., the outcome, e.g., the implementation of the efficient surveil-
lance protocol in the national strategy). Hence we characterize the contribution of 
research to the impacts and we do not focus on the attribution to research of the 
changes. The innovation process is not linear and there are many feedbacks and 
loops. Between the research outputs and the impact many intermediary outcomes 
might be required to generate impacts but also might induce the need to produce 
new research outputs. This complex process will eventually lead to the expected 
impact (Fig. 15.1, Case study 1).

15.1.2  The Process of Creating a Theory of Change

When undertaking an ex-ante impact evaluation, stakeholders must be clear about 
what they want to achieve. When considering animal health or one health 

Inputs
Intervention and
ressources which

alloes the research
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(e.g. research or

development)

Output/
Results

from research

Outcomes
Use of outputs
by beneficiaries

1st order
impact

actors directly
interacting with
research or in

innovation 2nd order
impact

Spill over; change
in scale

2nd

beneficiaries

Adoption
Acceptability
Appropriation

Considering
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Fig. 15.1 The change or impact pathway: links between inputs, outputs, outcomes, and impact
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surveillance, it is likely that the different actors involved will have different views 
about what their goals are and the level of misunderstanding that exists between 
them. The first step will be to work with all the stakeholders to identify their expected 
long- term goals and thus the impacts they want to achieve. The next step is for every-
body involved to think about all of the outcomes (including changes of practices and 
behaviors) that must occur in order to reach those impacts. They then need to con-
sider, in light of this big-picture perspective, which of these outcomes they will take 
the responsibility to work on—both individually or as a team; and what changes in 
practices and behavior (if any) are required to undertake these activities.

Six main steps are recommended to follow to build up this change pathway:

 1. Writing a narrative to explain the logic of the initiative: tell the story of what is 
trying to be achieved.

 2. Identifying the basic assumptions about the context: the factors (social, cultural 
political, institutional etc…) that can enable or limit the achievements.

 3. Identifying the long-term goals: each actor might have different views on what 
could be achieved in the long term.

 4. Backward mapping and connecting the outcomes and the conditions/risk to 
make happen. Then defining the outputs, activities necessary to achieve the goal 
and explaining why these conditions are necessary and sufficient, which will 
define the outcomes, outputs, and inputs required.

 5. Identifying the interventions that the initiative will perform to create your 
desired change, which will highlight the contribution of a specific initiative in 
reaching those impacts.

 6. Developing indicators to measure your outcomes to assess the performance of 
your initiative and to measure the impacts generated.

This mapping exercise could be done using participatory approaches and tools 
such as actor consultation workshops; individual or focus group; convergent inter-
views (e.g., key informant), questionnaires (e.g., internet), expert reviews (Fig. 15.2).

15.1.2.1  Data Collection and Analysis
Different data collection methods can be used to gather information on the steps 
described above (Table 15.1).

Analysis could combine both qualitative and quantitative data using:

• Numeric analysis: correlation, data mining (looking for patterns), multivariate 
analysis, time-series analysis

• Textual analysis: content analysis (relevant to help defining the evaluation ques-
tion), thematic coding (indexation into categories), World cloud, Word tree

Combining quantitative and qualitative methods during conducting of the process 
will provide more insightful understandings by (i) identifying issues or obtaining 
information on variables not acquired by quantitative surveys; (ii) generating hypoth-
eses to be tested through the quantitative approach; (iii) understanding unanticipated 
results from quantitative data or (iv) verifying or rejecting results (triangulation).
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15.1.3  The Value of a Theory of Change

Health policies (surveillance and control) are often planned without an explicit 
understanding of the early and intermediate steps required for long-term changes to 
occur—especially behavioural changes. A TOC creates an honest picture of the 
steps required to reach this goal. It provides an opportunity for stakeholders to 
assess what they can influence, what impact they can have, and whether it is realistic 

Fig. 15.2 Data collection and analysis process using expert opinion workshops. (1) Actors’ con-
sultation, identification of inputs/outputs/outcomes/impacts; (2) building up of pathway and sce-
narios; (3) validation of pathways and scenarios
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to expect to reach their goal within the time and resources available. The exercise of 
creating a TOC is really a management tool that can benefit planning of a surveil-
lance strategy as well as evaluation of the strategies (cf. Case Study 1) or evaluating 
the impact of the evaluation process itself (cf. Case study 2).

15.2  IMPRESS Impact Assessment Method

The ImpresS method was developed by CIRAD to evaluate the impact of research 
projects [2]. This method is based on the theory of change and the participatory 
evaluation of the impact pathway. The ImpresS methodology mobilized a set of key 
concepts: case study research [4], impact pathway evaluation [3], and contribution 
analysis [5]. This choice relies on a scientific interest in unveiling the processes and 
mechanisms that lead to impacts in agricultural research. The evaluation followed 
participatory principles [6] to achieve a convergent vision among actors of the 

Table 15.1 Examples of different types of methods used to collect data for impact pathway 
development

Method type Definition
Brainstorming Focusing on a problem and then allowing participants to come up with as 

many solutions as possible.
Concept Mapping Showing how different ideas relate to each other—sometimes this is called 

a mind map or a cluster map.
Dotmocracy Collecting and recognizing levels of agreement on written statements 

among a large number of people.
Expert opinion 
elicitation process

Soliciting opinions from groups in an iterative process of answering 
questions in order to gain a consensus; e.g., Delphi Study.

Outcome 
mapping

Measuring deliverables and its effects on primary beneficiaries by looking 
at behavioral change exhibited by secondary beneficiaries. The outcome- 
mapping process consists of a design phase (which includes describing the 
perspective of the actions; identifying relevant partners; defining progress 
indicators; followed by a cyclic record-keeping phase, reviewing all the 
previous steps to identify gaps and behaviors change required).

ORID Enabling a focused conversation by allowing participants to consider all 
that is known (Objective) and their feelings (Reflective) before considering 
issues (Interpretive) and decisions (Decisional).

Q-methodology Investigating the different perspectives of participants on an issue by 
ranking and sorting a series of statements (also known as Q-sort).

SWOT Analysis Reflecting on and assessing the Strengths, Weaknesses, Opportunities, and 
Threats of a particular strategy.

Stakeholder 
Mapping 
Analysis

The mapping and analysis of stakeholders provide information on key 
target groups and players who will be impacted by a proposed reform. It 
helps to predict whether they might support or block the implementation of 
the latter and thus to propose strategies to promote supportive actions and 
decrease opposing actions.

World Cafe Hosting group dialogue in which the power of simple conversation is 
emphasized in the consideration of relevant questions and themes.
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process being evaluated and its effects [7] and improve the quality of the evaluation 
by mobilizing different knowledge and perceptions [8, 9].

The ImpresS assessment consists of three phases:

 – Describing the story of the process under evaluation: reconstructing with the 
actors the narrative of the innovation process, including a specific focus on 
capacity strengthening activities and interactions with public actors.

 – Mapping the causal chain from inputs used by research, to research outputs, to 
outcomes, which are generated when actors used and transformed the outputs, 
and finally to impacts, which are the effects of this use using the impact pathway 
approach. First-level impacts, those on actors who directly or indirectly inter-
acted with research and its partners, are differentiated from second-level impacts, 
corresponding to scaling processes.

 – Characterizing and measuring of the impact indicators: each impact is character-
ized by a set of quantitative and qualitative indicators that account for the evolu-
tion occurring between the start of the innovation process and the evaluation. The 
sources of information for these indicators included ad hoc surveys, interviews, 
focus groups or secondary data.

Participatory approaches are implemented during each phase of the method, to 
engage and codevelop the impact pathway with all the relevant stakeholders involved 
in the innovation process (either as part of the development of the innovation or as 
being impacted by the innovation or influencing the innovation ): (i) semi-structured 
individual interviews in the preparation/framing phase followed by a participatory 
stakeholder workshop to validate the framing and method to collect data; (2) data 
collection and impact measurement using semi-structured interviews, focus groups 
or surveys (3) validation of the results—participatory workshop with all the actors 
involved and identification of scenarios to initiate activities for missing out-
comes if any.

Box 15.1 Useful definitions
What is an innovation?

• Invention: novelty developed by researchers
• Innovation = invention implemented by actors with an adaptation phase, 

and the aim to change things in place
 – Novel technique (hardware)
 – Novel knowledge and way of thinking (software)
 – Novel institution, organization (orgware)

Which differences between inputs/outputs and outcomes?

• Inputs: Intervention and resources which allows the research (e.g., previ-
ous knowledge)
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15.3  Application of Principles to Case Studies

15.3.1  Case Study 1: Evaluation of the Impact 
of the Development of a Cost-Effective Swine Influenza 
Surveillance Protocol in Vietnam

15.3.1.1  Introduction
The need for animal disease surveillance to improve animal and public health and 
prevent pandemic threats is now widely recognized. Efforts to develop and/or 
improve surveillance programs targeting zoonotic diseases are made all over the 
world especially in disease emergence hotspot areas, including Southeast Asia. 
However, there is an important financial pressure as funding is usually limited, 
especially in developing countries, and therefore the surveillance systems must be 
efficient at the lowest possible cost to ensure sustainability. Evaluation of surveil-
lance systems is an essential step in this process of improving their performance and 
efficiency; evaluation must be done on a regular basis and the most relevant aspects 
to evaluate must be selected according to the surveillance objectives. In Vietnam, 
passive surveillance is present for diseases in swine such as porcine respiratory and 
reproductive syndrome virus (PRRSV), classical swine fever virus (CSF), and foot 
and mouth disease (FMD). Regarding influenza, a sentinel surveillance system for 
human influenza based on the testing of patients with ILI in selected healthcare 
practices, and a passive avian influenza system for surveillance in poultry are in 
place. However, there is no long-term surveillance activity for SIV; only sporadic 
research-based studies have been carried out. Such studies are usually costly and 
with low efficiency for virus isolation, and as they are not carried out in the long 
term, virus evolution cannot be monitored over long periods. Continuous systematic 
surveillance activities would remedy this issue. However, resources are limited in 

• Outputs: Products/results from research
• Outcomes: Use of outputs by actors without research control

What is an impact?

• Impact: long-term effects induced by an intervention. This is what stays 
after the end of the intervention (research program for example)

• Impact could be:
 – Of different nature: economic, social, sanitary, political, etc.
 – At different level of actors: individual, groups, institutions
 – Positive or negative
 – Intentional or not
 – Direct or indirect

• Impact could be measured by indicators (quantitative or qualitative)
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developing countries such as Vietnam, and the swine industry has usually a low 
interest for SIV as the disease causes often mild symptoms, especially in endemic 
countries, and low mortality, as compared to diseases considered of major economic 
importance such as PRRSV. In 2011, a study was implemented to identify the most 
cost-effective surveillance strategies to ensure sustainable surveillance of SIV in 
Vietnam. The ImpresS methodology was applied to the evaluation of the impact of 
the development of a cost-effective swine influenza surveillance protocol in 
Vietnam.

15.3.1.2  Story of the innovation
The development of a cost-effective SIV surveillance protocol was performed as 
part of a PhD research project in collaboration between CIRAD, the National 
Institute for Veterinary Research in Vietnam (NIVR), and the School of Public 
health and the Pasteur Research Center from Hong Kong University (HKU) 
(Fig. 15.3) (INPUTS 2–4) [10–14]. This study used previously developed method-
ologies (e.g., network analysis and risk assessment) to understand and quantify the 
movement of swine along the swine value chain with regard to the risk of SIV cir-
culation in Vietnam the design SIV surveillance protocols to be tested in Vietnam 
(INPUT 1 and OUTPUTS 1–3). The SIV isolation laboratory capacities were 
strengthened by the training of NIVR staff on isolation techniques using cell culture 
and fresh isolates (OUTPUT 4). Several surveillance pilot protocols were designed 
and implemented; they included surveillance in abattoirs, in a market, in sentinel 
farms, and a syndromic surveillance in the Red River Delta region (OUTPUT 5).

Cost-effectiveness of each surveillance protocol was evaluated based on the two 
main surveillance objectives, i.e., virus characterization and knowledge of SI epide-
miology. The collective slaughterhouse surveillance was the protocol with the high-
est cost-effectiveness. Indeed, it allowed continuous virus isolation from pigs of 
different origins and had the capacity to provide estimates of SI seroprevalence and 
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serological identification of the circulating SIV lineages in the pig population. This 
protocol has been implemented monthly since 2013 and is now part of the routine 
surveillance activities by NIVR (OUTCOME 1). Every month, the NIVR labora-
tory samples pigs in the largest slaughterhouse in Hanoi and performs SIV virus 
isolation and serological testing on those samples. Positive isolates are then sent out 
to HKU for further sequencing to identify novel reassortant strains (OUTCOME 
2). At the moment, this surveillance protocol is not able to reach its expected impacts 
related to the reduction of emerging pandemic risks linked to SIV in Vietnam 
(expected IMPACT 1) that should contribute to improving Vietnam pandemic pre-
paredness (expected IMPACT 2). Indeed, the novel reassortants are not yet being 
tested again the Vietnam human population serum bank in collaboration with the 
National Institute for Hygiene and Epidemiology (NIHE) (expected OUTCOME 
3); which will allow to identify potential pandemic viruses—i.e., viruses against 
which the population of Vietnam has no baseline immunity (expected 
OUTCOME 4).

15.3.1.3  Added value of the impact evaluation
This impact evaluation work has demonstrated the uptake of research outputs by 
decision-makers in Vietnam: the most cost-effective surveillance protocol has been 
adopted and slightly adapted by NIVR and has been implemented and running since 
2013 outside of the research project. This ongoing surveillance protocol is provid-
ing valuable information to the NIVR researchers on the epidemiology and seasonal 
patterns of SIV but also the development of a swab and serum bank that could be 
used to test for other pathogens. NIVR has collaborated with Oxford Clinical 
Research Unit (OUCRU) to test samples for Japanese encephalitis virus; and with 
the International Livestock Research Institute (ILRI) to test for bacterial pathogens. 
Moreover, this work has also allowed identifying the limits of this SIV surveillance 
in terms of reaching its objectives and therefore impacts: additional activities in col-
laboration with the human health sector are still required to assess the risk of novel 
SIV pandemic threat in humans.

15.3.2  Case Study 2: Assessing the Impact of the Evaluation 
Process of Avian Influenza Surveillance Strategy 
in Vietnam: a Way to Promote Changes

15.3.2.1  Introduction
The ImpresS methodology has been applied to the evaluation of the impact using 
novel evaluation methods and tools to strengthen animal health surveillance in 
Vietnam. Participatory approaches have been used to describe in detail the history 
(Fig. 15.4); to map all the actors and collaborations involved (Fig. 15.5); and to 
codevelop a detailed impact pathway with all the actors (Fig. 15.6). This work has 
also allowed to identify different scenarios and missing activities to ensure in the 
near future the impact of the application of evaluation to strengthen animal health 
surveillance in Vietnam.
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Europe  

2012 GREASE
research
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INPUT 2

INPUT 3

OUTCOME 2

OUTCOME 3

2015 Vietnamese researchers
evaluate the sick pig value chain in
Vietnam using REVASIA tools  

OUTCOME 4

OUTCOME 1

2016 Vietnamese government
reques tthe evaluation of their
HPAI surveillance system /
REVASIA tools are applied  

OUTCOME 5

OUTPUT 2

OUTPUT 1

OUTPUTS 3&4

IMPACT niveau 2  

Fig. 15.4 Story of the improvement of animal health surveillance using innovative evaluation 
tools in Vietnam
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Fig. 15.5 Mapping of the actors involved in the strengthening of animal health surveillance using 
innovative evaluation approaches
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15.3.2.2  Story of the Innovation Improving Animal Health 
Surveillance in Vietnam Using Evaluation Methods 
and Tools

In the context of the HPAI H5N1 avian influenza crisis in Asia in 2003, CIRAD’s 
AGIRs unit carried out epidemiological surveillance training in Southeast Asia and 
implemented research projects on ecology and the epidemiology of the disease in 
the region (Fig. 15.4. INPUTS 1 and 2)

Phase 1: development and implementation of evaluation tools: From 2009 to 2011 
(REVASIA-FRIA projects), tools for quantitative evaluation of the performance of 
surveillance systems (OASISTrop and CR method) are developed in Thailand, Laos, 
and Cambodia and will be applied in Vietnam later (INPUT 3) (Chap. 2). The NIVR 
and the Hanoi University of Agriculture (HAU now VNUA) are the historical part-
ners of CIRAD in Vietnam in animal health; the DAH, a key political and technical 
player in surveillance systems, authorizes REVASIA implementation but does not 
take an active part in the development of innovation even if it remains its main ben-
eficiary. From 2011 to 2015, pilot protocols for surveillance of swine influenza were 
implemented in Vietnam, in collaboration with the University of Hong Kong, NIVR 
and UNVUT (OUTPUT 1) (Baudon et al. [13, 14]). In 2012, participatory epidemi-
ology (PE) tools are adapted to the economic evaluation of surveillance systems for 
animal diseases (pigs and poultry) in Vietnam, and in particular to evaluate the costs 
and societal benefits of surveillance systems (see Part III); the analysis of social net-
works (SNA) is adapted at the same time to the evaluation of health information 
flows (types of actors, types of contacts, types of information) (OUTPUT 2) (see 
Part IV).

Phase 2: adoption of the innovation, first OUTCOMES, first IMPACTS: From 
2012 to 2016, the capacities of the researchers of the NIVR, VNUA, NIAS, of the 
University of Nong Lam (Ho Chi Minh), as well as agents of DAH and NIHE are 
strengthened with respect to monitoring system evaluation techniques (PE, CR, 
SNA) (OUTPUTS 3 and 4 and OUTCOME 1). In 2013, NIHE applied the CR 
method to the evaluation of rabies surveillance (OUTCOME 2). In 2014, the NIVR 
launched its swine influenza surveillance program following the results of the 
“swine flu” project; the program is still ongoing (OUTCOME 3). In 2012 and 2014, 
the PE tools developed in REVASIA are applied to the evaluation of surveillance in 
France, Belgium, and Germany (EU RISKSUR project), and in Egypt in collabora-
tion with policy-makers and the FAO (IMPACT level 2). In 2015, VNUA (VD Ton) 
carries out a research project on the evaluation of the sick animals (pigs) sector in 
Vietnam using the SNA (SICKPIG) method (OUTCOME 4). In 2016, DHA and 
FAO contract the Royal Veterinary College (RVC) to evaluate the HPAI surveillance 
system in Vietnam. Timothée Vergne (trained in evaluation by CIRAD (Thesis) in 
the framework of REVASIA-FRIA) is in charge of the evaluation and applies the 
tools developed by CIRAD in REVASIA and in RISKSUR (OUTCOME 5). In 
2016, the REVASIA research program includes a project cluster: REVASIA FRIA; 
REVASIA-Socio-Eco; SEA-PREID; Swine surveillance; SWEID.

15 Added Value and Impact of the Evaluation Process in Health Surveillance
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Scenarios and Activities to Implement to Ensure the Impacts Reach Out
Three different scenarios were identified by the stakeholders to achieve the expected 
impacts:

 i. Influence of public policies at the national level: the first step of this scenario is 
representing how research projects are implemented in the field in Vietnam; this 
research involves Vietnamese researchers, local authorities, and local beneficia-
ries (veterinarians and breeders). Currently (branch 2), the results are trans-
ferred to decision-makers (DAH, MARD) by means of scientific reports 
containing recommendations that can be directly taken into account to modify 
and improve the health surveillance (e.g., how to take into account local con-
straints to decrease the number of underreported cases of diseases). The impact 
of this approach is limited by the involvement of policy-makers, and can be 
very limited if they do not contribute to the implementation of activities.

One possible alternative developed during the participatory discussions is 
the implementation of pilot research protocols at the national level to validate 
the results before recommendations can be made. These pilot studies can be 
directly implemented by the departments of the Ministry (DHA) to secure their 
confidence in the results or by Vietnamese researchers but at the request of the 
DAH and under its authority. The improvement of surveillance by a change of 
policy at the national level involves improved sanitary situation in the whole 
country, which favours efficiency and sustainability in the activities of disease 
control. However, the improvement of surveillance at the national level may 
also have a negative effect on local veterinarians (too much workload) and 
farmers (slaughter of animals) and must take into account local constraints to be 
effective and sustainable.

 ii. Influence of local public policies (provincial level): this scenario put forward the 
importance of local authorities in the implementation of surveillance activities 
and health control and their potential influence on activities at the national level. 
Indeed, in this scenario, the results obtained by the field research activities are 
presented to local authorities to help them to improve the local health surveil-
lance system. If livestock production is a priority of the province, the People’s 
Committee, the authority of the province, can directly take into account the 
scientific recommendations and influence the changes in the surveillance sys-
tem of the Province. However the impact, which would be an improvement of 
the local health condition, might not be sustainable if the health condition is not 
also improved in the other provinces. However, if these changes result in a posi-
tive impact and an improvement in the health condition of the Province, this 
may influence the Ministry to test this type of change in other provinces, or 
neighboring provinces may decide to implement the same changes (snowball 
effect).

 iii. Influence of public opinion: the third scenario proposes to sensitize civil society 
by widely disseminating scientific results in a popularized format via different 
media. However, this type of information must be first authorized by the 
MARD. Vietnam has many media; they are, however, much controlled by the 

M. Peyre et al.
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central government. They have a dual role as mass organizations; on the one 
side, they are the spokespersons of the government, which finances and controls 
them, but, on the other side, they are also the spokespersons of the people. 
Another approach would be to use the Internet and social networks to inform 
consumers. Today, more and more Vietnamese have access to the Internet, par-
ticularly via their mobile phones. It is a neutral way for Vietnamese and social 
networks to play a major role in mobilizing the population around a social 
event. Another approach would be the dissemination of information by farmers’ 
organizations but they remain marginal in Vietnam and still have a limited polit-
ical influence.

15.3.2.3  Added Value of the Impact Evaluation
This work was critical to provide relevant and meaningful recommendations to the 
decision-makers to identify the changes required to ensure uptake of the evaluation 
tools and implementation of the evaluation recommendations to achieve the impacts.

It enabled us not only to evaluate the performances of the work implemented 
during the project but also to involve our partners and beneficiaries in the identifica-
tion of actions to be implemented and activities to be planned to ensure achieving 
the impacts not yet reached (Cong 2016). Once more, public–private partnerships 
and the strengthening of these partnerships were critical, particularly at the local 
level, to ensure impact of animal health surveillance strategies. This work highlights 
the importance of evaluation to inform changes that need to be adopted in public 
animal health policies at the national level to ensure the sustainability and impact of 
the actions.
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16Synthesis—Evaluate to Better Inform: 
A Way to Strengthening Health 
Surveillance Systems
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Abstract

Over the past 15 years, innovative approaches and tools have been developed and 
applied to evaluate health surveillance systems, in Southeast Asia and in Europe 
mainly. This work has allowed to better understand the local constraints observed 
in different contexts and to draw generic recommendations to improve health 
surveillance on a global scale. Acceptability of the strategies by all actors has 
been acknowledged as a key issue to ensure success of the actions along with the 
integration of private networks and actors within the surveillance system. This 
work helped in raising awareness among researchers, public decision- makers 
and private actors on evaluation issues, moving away from it being perceived as 
a control (audit) action often carried out by experts external to the issues and 
with limited benefits in return. In this regard, integrated evaluation, taking into 
consideration technical but also socio-economic issues in surveillance, should be 
promoted. This way, evaluation could be used as a programming tool, and in a 
participatory way to codevelop solutions with field actors to better inform deci-
sion-making in both animal and one health surveillance strategies.
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16.1  Introduction

Over the past 15 years, innovative approaches and tools have been developed and 
applied to evaluate health surveillance systems, in Southeast Asia and in Europe 
mainly. This work has allowed to better understand the local constraints observed in 
different contexts and to draw generic recommendations to improve health surveil-
lance on a global scale. Socioeconomic and cultural constraints are impacting the 
decision of the actors of the surveillance system to declare or not declare a suspect 
case of disease and thus independently of the country development level. However, 
the origin and response to these constraints will vary according to the specific socio-
economic and cultural contexts of each country [1–5]. Similarities and differences 
are strongly related to the type and structuring level of the production and value 
chains of the livestock sector concerned [4].

Implementing innovative evaluation methods based on participatory approaches, 
under different epidemiological, socioeconomic, and cultural contexts, and target-
ing different systems and diseases have highlighted the great flexibility of these 
approaches. The added value of participatory approaches to evaluation, favoring 
comparative analysis between studies, and providing avenues for standardization 
and possible harmonization of the evaluation process between different contexts 
have been demonstrated [4, 6]. This work also highlighted major challenges in the 
field of animal and one health surveillance system evaluation, most of which have 
been addressed in this book and are synthesized in this chapter and, especially, how 
to account for socioeconomic constraints that impact health surveillance perfor-
mances; how to ensure acceptability and stakeholder engagement; how to account 
for the critical role of private surveillance networks and how to advocate for an 
integrated approach to evaluation.

16.1.1  Accounting for Major Socioeconomic Constraints that 
Impact the Performance of Health Surveillance Systems

The official declaration of disease cases often leads to strong social and economic 
constraints to farmers and other local surveillance actors: uncertainties related to 
compensation, limited confidence in risk management skills by the official authori-
ties, impact on sales opportunities, stigma in the community, stress related to 
slaughter and loss of genetic material, etc. [7–11]. Several alternative options to the 
official report of diseases are available: treatment of sick animals under the advice 
of private veterinarians or sellers of medicines/veterinary pharmacies; fast sale of 
healthy and/or sick animals; slaughter of sick animals [8, 10–12].

The structuring and the quality of the animal production and value chains impact 
the performances of the disease surveillance systems independently of the develop-
ment level of the country [4]. The health information exchange networks and the 
socio-economic constraints of the different actors are closely linked to the level of 
structuring of the production chains, playing a determining role in the performance 
of the surveillance. These elements are critical and must be accounting for when 
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making decisions about optimizing health surveillance systems. Organized com-
mercial sector for sick animals have been identified in some low- and middle- 
income countries (LMIC) [12]. In addition to the animal and human health risks 
posed by these sick animal value chains, they also directly impact the performance 
of surveillance systems by reducing the benefits of the surveillance for its actors, 
and as a vicious circle, increasing further the health risk and further promoting their 
activity [12]. Additional studies are needed to understand further the motivations of 
actors in these sectors and to make relevant recommendations to limit their impacts.

The health information exchange networks and the socioeconomic constraints of 
the different actors are closely linked to the level of structuring of the production 
chains, playing a determining role in the performance of the surveillance. These 
elements are critical and must be accounted for when making decisions about opti-
mizing health surveillance systems.

16.2  Acceptability: A Critical Issue to Ensure 
Stakeholder Engagement

Recent studies have highlighted a recurring lack of acceptability of surveillance 
systems by its actors, and its consequences in terms of underreporting both in LMIC 
and high-income countries (HIC) [13, 14]. Trust issues between field private actors 
and the health authorities strongly impact health surveillance performances, inde-
pendently from the economic context and the development level of the country. 
Similar trust issues also exist within the official surveillance system process, involv-
ing conflicts of interest often linked to a dual public and private activity of the sys-
tem’s stakeholders [15]. Regulatory compliance in terms of health surveillance by 
farmers in HIC seems more prevalent than in LMIC, the control bodies being more 
present and organized in the former, forcing farmers to better comply with good 
practices. In LMIC, it is very clear that the priority for local veterinarians is to main-
tain a privileged relationship with the farmers and members of the community to 
which they belong [2, 7, 15] and not to maintain declaration at all cost.

16.3  Private Surveillance Networks: How to Integrate Them?

The private sector plays a central role in the surveillance and management of animal 
and zoonotic diseases at the local level. These private systems operate in parallel 
with official systems, due to the lack of public–private partnerships in the majority 
of situations in LMIC [16]. The situation could be different in HIC or in LMIC 
countries where the state gives a health mandate to the private sector to implement 
health surveillance, especially on nonpriority diseases, which allows the state 
resources to be concentrated on priority diseases and strengthen public–private col-
laborations. However, these public–private partnerships seem to lack transparency 
and cooperation and could themselves be strengthened [1]. This again highlights the 
issues of trust between the two sectors.
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16.4  The Importance of an Integrated Evaluation Approach 
to Inform Decision

The work presented throughout this book and summarized here highlights the 
importance of an integrated evaluation of health surveillance systems—
accounting for social, economic, and technical aspects—to ensure their effi-
ciency, sustainability, and impact. This type of evaluation, favored by the 
SurvTool decision support tool, along with all the innovative methods pre-
sented here would allow to better address decision-makers’ needs in order to 
promote meaningful evaluation and recommendations to improve the current 
systems [1, 17–19].

New or improved health surveillance systems (or components within these 
systems) ideally should be codeveloped with all the actors of the system, from 
the field actors who are at the source of the data to the decision-makers in charge 
of defining the national strategies. Companion modeling, described in the fol-
lowing section, seems to be an interesting approach to foster this co-construc-
tion [20].

16.5  Remaining Challenges and Future Perspectives 
to Further Improve Animal Health Surveillance Systems

16.5.1  Participatory Modeling to Build User-Centered 
Surveillance Systems—Adapted to the Socioeconomic 
Constraints of Its Actors

Conceptual models of interaction between social actors have been used to manage 
conflicting environmental resources using companion modeling approaches 
(ComMod) previously developed are also adapted to the issues involved in assess-
ing the social impacts of surveillance [20].

These approaches offer remarkable potential for the codevelopment of surveil-
lance systems adapted to the constraints of all its stakeholders. A pilot study per-
formed in Vietnam to strengthen its HPAI one health surveillance system has 
demonstrated great potential to foster the co-construction by promoting intersec-
toral collaboration; as well as improving the understanding and commitment of 
actors to the issues of health surveillance in their country. More importantly, this 
pilot study has demonstrated the interest of stakeholders and their willingness to 
engage in this type of approach. This method has also been applied to manage health 
issues in Thailand, Laos, and Cambodia but not directly regarding health surveil-
lance systems [20]. A similar approach based on participatory engagement of all the 
actors of the system has been implemented to successfully codevelop the ISIKHNAS 
surveillance system in Indonesia [21].
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16.5.2  The Importance of Understanding the Utility of Health 
Programs (Surveillance and Control)

The utility of the system for its actors needs to be better understood to inform the 
development of improved health surveillance systems. When evaluated, the value of 
the systems has been characterized by its cost-effectiveness or cost–benefit that look 
at the balance between the cost of the system and its performances and/or its conse-
quences at a given level [17]. These econometric analyses still neglect all too often 
the socioeconomic and socioecological aspects and only give a partial view of the 
agricultural system considered. Indeed, the issues of surveillance and control of 
animal health go far beyond the scope of health risk issues and require a more inter-
disciplinary approach. To answer this interdisciplinary challenge, the concept of 
utility, relating to the well-being economy, seems to be a field of investigation for 
research in animal health with a view to dialogue between epidemiology, econom-
ics, geography, and sociology.

Traditionally applied in areas such as human health or agriculture, the utility 
approach is concerned with decision-making in situations of uncertainty. The 
approach accounts for the attitude or preferences of individuals facing risks in 
specific socioeconomic and cultural contexts. Accounting for the diversity of the 
utilities of a surveillance system, the evaluation makes it possible to comprehend 
the different distribution of costs and benefits linked to animal health surveil-
lance decision for the various actors concerned. It reveals the diversity of inter-
ests and therefore interest-bearing that the surveillance system favors. This 
characterization can foster a space for negotiation between these actors, and lead 
to a more inclusive governance of the monitoring system (and therefore to its 
better acceptability). There are various tools to measure these preferences, 
including the declared preference method but also multicriteria analysis methods 
associated for example with grading grids that allow weighting the different cri-
teria [10, 22]. In their application, these approaches need to go beyond the health 
disciplinary field to consider the utility of animal health within its broader con-
text of agriculture.

It would be interesting to evaluate the feasibility of developing and implement-
ing this type of methodology to characterize the utility and value of animal health 
according to different scales of analysis: exploitation, territory, and sector. This 
would be an opportunity to account for the influence of animal health on the econ-
omy and the health of producers, the organization of agricultural soils and, more 
broadly, the agricultural economy and the public health of an area or region, a coun-
try. The aim would thus be to place livestock production in a broader systemic 
context in order to better understand breeders’ adaptation to health crises and, 
through these processes, to analyze in a holistic manner the efficiency of livestock 
health programs. This type of approach does not exist at the moment and requires 
interdisciplinary collaboration that remains to be built.
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16.6  From Policy to Field Implementation: The Need 
to Combine Top-Down and Bottom-Up Approaches

Health surveillance strategies are mostly defined at the national level, influenced by 
international standards and priorities, and applied in the field as a top- down approach 
(Fig.  16.1a). Improving surveillance through policy change at the national level 
implies improving the health situation at the national level and thus the effective-
ness and sustainability of disease surveillance and control actions. However, as we 
have seen previously, promoting actions not relying on local constraints will not be 
implemented in the field. Indeed, the change in strategy can foster additional nega-
tive effects on local veterinarians and on farmers and must account for local con-
straints to be effective and sustainable.

Therefore, in practice, those national strategies are often adapted at each admin-
istrative level to account for local specificity and even further adapted by the farm-
ers and the local actors of the system (e.g. veterinarians) to account for their 
socioeconomic constraints (Fig. 16.1) [7]. Too often those strategies are even not 
implemented at all and local private surveillance and disease management prevail 
(Fig. 16.1) [16]. Relying on health surveillance management at the local level would 
not be sufficient to ensure sustainability of the actions if the health situation does 
not improve also at the national level (boomerang effect). However, if these local 
changes demonstrate a positive impact and an improvement at the local level, this 

a b c
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Fig. 16.1 Animal health surveillance strategies: top-down approach (a); field implementation (b); 
mixed approach (c)
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may influence the national authorities to promote this type of change/action in other 
areas (snowball effect of a bottom-up approach). This could only work by ensuring 
strong collaboration between private and public actors involved in the system and 
by promoting a mixed approach: merging top-down and bottom-up strategies to 
ensure that the needs of all actors are accounted for and efficiency and sustainability 
of the system (Fig. 16.1c).

16.7  Public–Private Partnerships (PPP): At the Heart 
of Surveillance in Animal Health

The work presented in this chapter highlights the key role of the private sector in the 
management (surveillance and control) of animal diseases, with often limited inter-
actions with national surveillance systems. It is essential to account for these issues 
and strengthen the links between private and public surveillance [15, 23]. In order 
to strengthen it, we propose to consider animal disease surveillance as a PPP where 
public and private actors share resources, responsibilities, and risks to meet a com-
mon goal and achieve shared benefits: the control of animal diseases.

The surveillance of animal diseases represents the continuous collection of data 
from private actors (breeders, private veterinarians) to inform public decision- 
makers (veterinary services) to act (household investigation, control measures, etc.). 
The private sector thus plays a central role in the surveillance and management of 
animal diseases at the local level, but with often limited interactions in practice with 
national surveillance systems.

As we have seen before, in the majority of situations in LMIC, private surveil-
lance systems operate in parallel with formal systems, due to a lack of collaboration 
and limited trust between sectors (1). The situation is different in HIC where the 
state gives a mandate to the private sector to implement health surveillance; how-
ever, these PPPs sometimes lack transparency and cooperation and could them-
selves be strengthened (2). It is therefore essential to strengthen the links between 
private and public surveillance (3). Consideration of the constraints and needs of the 
actors involved in monitoring, which are not often accounted for, is essential for 
their commitment and the improvement of systems. Sustainability of the actions can 
only be ensured by the commitment of the actors of the system; there is a real need 
to reinforce the links, the communication and the trust between the private actors of 
the surveillance systems and the public actors. The challenges of these private–pub-
lic partnerships must be correctly identified, characterized for each type of actors, in 
order to propose recommendations adapted to this strengthening of collaborations.

PPPs represent an interesting approach to solving complex problems in resource- 
constrained contexts, specifically with respect to surveillance and control of infectious 
diseases [24]. However, the development of these approaches on the ground is difficult; 
it is essential to identify the barriers and brakes to these initiatives in situ to promote 
good practices of implementation of PPPs [4]. A handbook on PPP best practices has 
been recently developed and helps in identifying the factors limiting the application of 
PPPs in the context of strengthening the management of animal health [25].
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16.8  Conclusion

These 15 years of research in the evaluation of animal and zoonotic disease surveil-
lance and control systems have addressed key issues in the functioning and opera-
tionalization of these systems, especially with regard to the drivers of underreporting 
and the optimization of resources allocated to these systems. This work also contrib-
uted to raising awareness of researchers, decision-makers, and private actors to 
evaluation issues, previously perceived essentially as a control (audit) action often 
carried out by experts external to the issues and with limited benefits in return. 
Evaluation could be used as a programming tool, and in a participatory way to code-
velop solution with field actors to improve one health surveillance strategies and 
prevent emergence and spread of animal diseases and zoonotic risks.
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Glossary

Acceptability and engagement Willingness of persons and organizations to par-
ticipate in the surveillance system, and the degree to which each of these users is 
involved in the surveillance process including the participation of stakeholders 
in the steering and technical committees. Could include an assessment of stake-
holder awareness of the system and their understanding of it. Could also assess 
their beliefs about the benefits or adverse consequences of their participation 
in the system including the provision of compensation for the consequence of 
disease detection.

Active surveillance Also: Proactive surveillance; Investigator-initiated collec-
tion of animal health-related data using a defined protocol to perform actions 
that are scheduled in advance. Decisions about whether information is collected 
and what information should be collected from which animals are made by the 
investigator.

Advocacy Public support for or recommendation of a particular cause or policy.
Assessment The assessment of a surveillance system/component is the collection 

and analysis of data on the relevant surveillance attributes and/or criteria. It is a 
technical step within the evaluation process.

Assessment To determine, estimate, or judge the value of. An assessment provides 
technical results (either qualitative and/or quantitative), which may or may not 
be linked to a judgment on the validity/quality of those results.

Associated legislation and regulations A description of any legislation or regula-
tions which act as the basis for determining the requirement for surveillance, 
including whether there are any compensation arrangements and any require-
ment for ethical approval.

Benefit Direct and indirect advantages produced by the surveillance system. This 
does not need to be limited to financial savings and better use of resources but 
can also include any losses avoided due to the existence of the system and the 
information it provides. These avoided losses may include improved animal pro-
duction, maintenance of a structured network of actors able to react appropri-
ately against a future threat, improved public health, increased understanding 
about a disease, maintained or increased trade, or improved ability to react in 
case of an outbreak of disease.
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Bias The extent to which a prevalence estimate produced by the surveillance sys-
tem deviates from the value of the true prevalence . Bias is reduced as represen-
tativeness is increased.

Case definition # Clinical signs or syndrome (including death)  # Indirect indicators 
(e.g., drug sales, production or performance information, abattoir sub missions)  
# Gross pathology  # Laboratory test for pathogens or toxins  # Laboratory test 
for host response (e.g., serology)  # Specified diagnostic criteria (e.g., diagnostic 
codes (Veterinary Investigation Diagnosis and Analysis (VIDA)) code used in 
GB early warning surveillance system)  # Risk factor(s).

Communication and dissemination An assessment of the methods used and ease 
of information exchange between people involved at all levels of the surveil-
lance system (providers, analyzers, and users of surveillance data). Include an 
assessment of the data and information provided and of the timeliness and types 
of outputs produced. The efforts made to disseminate these outputs including 
the use of web-based systems should also be assessed. The methods used to 
provide feedback to data providers and to increase their awareness about hazards 
and surveillance activities should also be assessed. Internal communication and 
dissemination is directed at those working within the surveillance network or 
system. External communication and dissemination is directed at those outside 
the surveillance network or system (e.g., international organizations).

Contingent valuation A value is derived from the direct estimation of a good or 
service by the interviewee following a full description of its features. Hence, the 
good or service is valued as a whole.

Cost The evaluation should list and quantify each of the resources required to 
operate the surveillance system and identify who provides each resource. These 
resources could include time, personnel, financial input, and equipment.

Counterfactual Thinking about what did not happen but could have happened; 
with regard to surveillance, a counterfactual could be,  e.g.,  a situation with an 
ideal surveillance system in place or with no surveillance at all.

Coverage The proportion of the population of interest (target population) that is 
included in the surveillance activity.

Cultural and Economic acceptability The traits of a society—its patterns of 
adaptation to the environment and its economic organization, social and political 
institutions, and beliefs system—will all affect the acceptance and performances 
of health surveillance strategies and innovations in health  surveillance systems. 
The influence of these variables will have to be assessed in the context of each 
local culture.

Data analysis Whether appropriate methods are used for the analysis and interpre-
tation of data at an appropriate frequency.

Data analysis method A description of the measures used to assess disease occur-
rence (e.g., incidence, prevalence, case numbers) and how the data are analyzed 
includes the spatial and temporal methods used, the frequency of analysis, and 
whether real-time and whether contextual information (e.g., the risk of introduc-
tion and the prior likelihood of disease) will be incorporated.
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Data collection The use of appropriate data sources and collection methods includ-
ing automation of data collection where appropriate and the existence of a case 
definition and a data collection protocol.

Data completeness and correctness The proportion of data that were intended to 
be collected that actually was collected and the proportion of data entries that 
correctly reflect the true value of the data collected.

Data management methods A description of how data is managed, e.g., whether a 
central relational database is used and the methods used to ensure confidentiality 
and security of information.

Data storage and management Appropriate use and documentation of data man-
agement systems for processing information, including data processing proto-
cols, and effective use of data verification procedures and of data storage and 
back-up procedures.

Design prevalence A standard hypothetical prevalence of disease specified at 
the herd (herd design prevalence, P*H) or at the animal level (P*A) against 
which to measure surveillance sensitivity.  Source: http://www.ncbi.nlm.nih.
gov/pubmed/22305852 Cameron, 2012: PVM 2015, p. 280–286. The definition 
is based on the concept that if a particular pathogen is present, it is present in 
less than a specified proportion of the population at a given level of statistical 
confidence.

Discrete choice experiment The value is derived statistically from a series of 
choices between goods showing distinct features and prices. Conjoint analysis is 
mobilized to quantify the trade-offs made in his/her choices by the interviewee 
between the different features of the good or service and its price.

Disease focus: General Surveillance that is not focused on specific hazards and 
that uses general tests (e.g., clinical examination or gross pathology).

Disease focus: Hazard-specific Surveillance that is focused on one or more pre-
defined hazards; often using diagnostic tests for the detection of particular patho-
gens (e.g., molecular diagnostic tests).

Dissemination method A description of the methods used for disseminating 
surveillance information during and after surveillance including whether web-
access is possible and the methods used for data sharing.

Early warning surveillance Also: epidemiological watch, epidemiovigilance; 
Surveillance of health indicators and diseases in defined populations to increase 
the likelihood of timely detection of undefined (new) or unexpected (exotic or 
re-emerging) threats. These are surveillance systems for the early detection of 
these threats.

Economic efficiency Whether the surveillance system produces the desired effect 
without wasting resources. Three levels of economic efficiency can be defined:  
# Optimization: maximizing the net benefit to society achieved by the allocation 
of scarce resources to animal health surveillance and intervention to avoid losses 
resulting from animal diseases  # Acceptability: ensuring that the benefits gener-
ated by a mitigation policy at least cover its costs; this is commonly assessed 
using cost-benefit analysis  # Cost-minimization: ensuring that a technical target 
for disease mitigation (e.g., time to detection) is achieved at minimum cost with-
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out quantifying the benefit in monetary terms; this can be assessed using cost-
effectiveness or least-cost analysis.

Effectiveness Is the capability of producing a desired result. When something is 
deemed effective, it means it has an intended or expected outcome.

Efficacy Is the capacity to produce an effect. In medicine, efficacy indicates the 
capacity for beneficial change (or therapeutic effect) of a given intervention. 
When talking in terms of efficacy vs. effectiveness, effectiveness relates to how 
well a treatment works in the practice of medicine, as opposed to efficacy, which 
measures how well treatment works in clinical trials or laboratory studies.

Efficiency The extent to which a resource is used for the intended purpose. 
Efficiency describes the extent to which time, effort, or cost is well used for the 
intended task or purpose. It is often used with the specific purpose of relaying 
the capability of a specific application of effort to produce a specific outcome 
effectively with a minimum amount or quantity of waste, expense, or unneces-
sary effort.

Efficiency assessment of a program Cost-benefit or cost-effectiveness analysis 
assesses the efficiency of a program. Evaluators outline the benefits and cost of 
the program for comparison.

Enhanced passive surveillance Observer-initiated provision of animal health- 
related data with active investigator involvement, e.g., by actively encouraging 
producers to report certain types of disease or by active follow-up of suspect 
disease reports.

Epidemiological watch See: Early warning surveillance
Epidemiovigilance See: Early warning surveillance
Evaluation The evaluation of a surveillance system/component is the determina-

tion of its merit by confronting the results of the assessment with targets set by 
the stakeholders, standard criteria, or a counterfactual system. The outcome of 
an evaluation is a judgment and/or recommendations placed in the overall sur-
veillance context. An evaluation can be performed at any development stage of 
the surveillance system. Ideally, an evaluation is conducted in regular intervals 
in line with the policy cycle, by internal and/or external evaluators. One, several, 
or all components in the surveillance system and any number of attributes and/
or criteria can be considered, depending on the question and the context of the 
evaluation.

Evaluation question An evaluation should be done with a clear objective, 
which comes with one or multiple clearly formulated question. The evaluation 
question(s) ensure framing the evaluation process exactly to the needs and to 
ensure saving resources.

Event-based (media-based, digital) surveillance Surveillance that complements 
indicator-based surveillance by continuously scanning the Internet and other 
communication media to detect information that might lead to the recognition of 
emerging threats. It uses unstructured data which need to be studied and verified 
and which cannot be summarized as an indicator.
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False alarm rate Proportion of negative events (e.g., non-outbreak periods) incor-
rectly classified as events (e.g., outbreaks). This is the inverse of the specificity 
but can be more easily understood than specificity.

Flexibility Ability to adapt to changing information needs or operating conditions 
with little additional time, personnel or allocated funds. Flexible systems can 
accommodate new health hazards, changes in case definitions or technology, and 
variations in funding or reporting sources.

General surveillance Surveillance that is not focused on specific hazards and uses 
general tests (e.g., clinical examination or gross pathology). Syndromic surveil-
lance is a form of general surveillance.

Gold standard The “ideal” surveillance system/component, of superior quality 
which serves as a point of reference against which other surveillance systems/
components may be compared.

Guidance pathway (evaluation question) A step-by-step approach which guides 
the user in defining the evaluation question(s) relevant to his needs—a guidance 
pathway to define relevant evaluation questions in surveillance is available in 
Survtools (https://survtools.org)

Hazard A biological, chemical, or physical agent in, or a condition of, an animal or 
animal product with the potential to cause an adverse health effect. Source: http://
www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm OIE Terrestrial 
Animal Health Code

Hazard situation Endemic, sporadic, free, exotic, re-emerging, new, situation var-
ies.  Source: RISKSUR

Hazard-specific surveillance Surveillance that is focused on one or more pre-
defined hazards (disease, condition, biological, chemical or physical agent, or 
event); often this form of surveillance uses diagnostic tests for the detection of 
particular pathogens (e.g., molecular diagnostic methods).

Impact Indicates the changes that have been made based on the results of the sur-
veillance providing a measure of the usefulness of the surveillance system in 
relation to its aims. This should include details of actions taken as a result of 
the information provided by the surveillance system (e.g., changes in protocols 
or behavior, changes in mitigation actions, and especially changes in disease 
occurrence).

Impact assessment A process aimed at structuring and supporting the develop-
ment of policies. It identifies and assesses the problem at stake and the objectives 
pursued. It identifies the main options for achieving the objective and analyzes 
their likely impacts in the economic, environmental, and social fields. It outlines 
advantages and disadvantages of each option and examines possible synergies 
and trade-offs.

Impact evaluation (assessing effectiveness) The impact evaluation determines the 
causal effects of the program. This involves trying to measure if the program has 
achieved its intended outcomes. Assesses the changes that can be attributed to a 
particular intervention, such as a project, program, or policy, both the intended 
ones, as well as ideally the unintended ones. In contrast to outcome monitoring, 
which examines whether targets have been achieved, impact evaluation is struc-
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tured to answer the question: how would outcomes such as participants’ well-
being have changed if the intervention had not been undertaken? This involves 
counterfactual analysis, that is, “a comparison between what actually happened 
and what would have happened in the absence of the intervention.” Impact evalu-
ations seek to answer cause-and-effect questions. In other words, they look for 
the changes in outcome that are directly attributable to a program

Impartiality Considering all stakeholders in the evaluation process; ensuring rel-
evant links between evidence-based findings and recommendations produced.

Indicator-based surveillance Traditional disease surveillance which relies on the 
collection of data about the occurrence of predefined diseases or conditions and 
which uses agreed-upon case definitions; these data are analyzed to produce indi-
cators that point towards the existence of a threat. Indicator- based surveillance 
may be hazard specific or general and includes the use of clinical or other data 
for syndromic surveillance.

Laboratory management Whether testing is carried out using appropriate meth-
ods with quality assurance scheme and timely and accurate delivery of results.

Management also: personnel and organizational structure. Name of organization(s) 
and expertise of the personnel managing the surveillance activity and description 
of the organizational structure.

Marginal product The increment of product (here, surveillance information) that 
results from an increment of (surveillance) resources.

Monitoring The systematic, continuous or repeated, measurement, collection, col-
lation, analysis, and interpretation of animal health and welfare- related data in 
defined populations when these activities are not associated with a predefined 
risk mitigation plan although extreme changes are likely to lead to action.

Multi-objective Surveillance activities where samples collected for one disease 
agent are analyzed for more than one purpose or for other disease agents, either 
in parallel or at a later stage. Source: RISKSUR http://www.fp7-risksur.eu/sites/
default/files/documents/Deliverables/RISKSUR%20D1.1%20Research%20
Brief.pdf (Deliverable 1.1).

Multiple utility Whether the system captures information about more than 
one hazard.

Organization and management An assessment of organizational structures 
include whether the objectives are relevant and clearly defined and the existence 
of steering and technical committees whose members are representative of the 
surveillance stakeholders. The members of these committees should have appro-
priate expertise, clearly defined roles and responsibilities; these member should 
hold meetings (with minutes taken and kept)regularly to oversee the function of 
the system.

Origin of data: Active See: Active surveillance
Origin of data: Enhanced passive See: Enhanced passive surveillance
Origin of data: Passive See: Passive surveillance
Participation, basis of # Voluntary  # voluntary recruitment with mandatory par-

ticipation  # mandatory.
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Participatory surveillance Participatory surveillance explores traditional infor-
mation networks by using participatory rural appraisal methods such as rank-
ing, scoring, and visualization techniques to conduct risk-based, hazard-specific 
surveillance. The approach uses semi-structured interviews with key informants. 
This enables communities to provide their knowledge regarding health events, 
risks, impacts, and control opportunities by gathering qualitative health data 
from defined populations. The analysis of participatory data emphasizes the 
comparison of information obtained from multiple informants; the method uses 
a variety of techniques to obtain the most likely interpretation of events. The 
objective is to enhance sensitivity by identifying cases based on a clinical case 
definition; these may then be evaluated and confirmed using either rapid tests in 
the field or laboratory diagnostics. Conventional epidemiological investigation 
techniques can be used to evaluate and confirm outbreaks detected by participa-
tory surveillance as part of trace-back and trace-forwards activities.

Passive surveillance Observer-initiated provision of animal health-related data 
(e.g., voluntary notification of suspect disease) or the use of existing data for 
surveillance. Decisions about whether information is provided, and what infor-
mation is provided from which animals is made by the data provider.

Pattern of disease occurrence: Endemic The constant presence of a disease in the 
population of interest.

Pattern of disease occurrence: Exotic A previously defined (known) disease that 
crosses political boundaries to occur in a country or region in which it is not cur-
rently recorded as present.

Pattern of disease occurrence: New Also: emerging; A previously undefined 
(unknown) disease or condition, which might result from the evolution or change 
in an existing pathogen or parasite resulting in a change of strain, host range, 
vector, or an increase in pathogenicity. This might also be due to the occurrence 
of any other previously undefined condition.

Pattern of disease occurrence: Re-emerging A previously defined (known) dis-
ease that is currently either absent or present at a low level, in the population in a 
defined geographical area that reappears or significantly increases in prevalence.

Pattern of disease occurrence: Sporadic A known disease which occurs intermit-
tently in an irregular or haphazard pattern.

Performance monitoring and evaluation Whether performance indicators are 
routinely used to monitor system performance and periodic external evaluations 
are used to assess the system outputs in relation to its objectives.

Policy analysis Determining which of various alternative policies will most achieve 
a given set of goals in light of the relations between the policies and the goals. 
However, policy analysis can be divided into two major fields. Analysis of policy 
is analytical and descriptive—i.e., it attempts to explain policies and their devel-
opment. Analysis for policy is prescriptive—i.e., it is involved with formulating 
policies and proposals (e.g., to improve social welfare). The area of interest and 
the purpose of analysis determines what type of analysis is conducted. A combi-
nation of policy analysis together with program evaluation would be defined as 
policy studies.
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Policy purpose Describes how surveillance information is used by policymakers 
to inform decisions about how best to support policy objectives such as main-
taining a healthy and sustainable food and farming industry, protection of the 
livelihood of producers, other value chain stakeholders and public health and 
to support national economic development. The specific decisions that surveil-
lance information can assist policymakers with are:  # Management of outbreaks: 
whether additional control measures are required to limit the spread of an emerg-
ing or exotic disease outbreak  # Informing trade: whether to permit import or 
support export of animals or animal products. This decision should be based on 
evidence about the prevalence and distribution of disease and about the risk of 
disease transmission through the commodity being traded. The purpose being to 
protect the indigenous population and facilitate access to international markets  
# Prioritization: how to prioritize surveillance and control measures for differ-
ent health hazards. The prioritization should be based on the level of hazard 
occurrence and impact on animal health and welfare, public health, trade, and 
the wider economy; the prioritization should use information about the relative 
importance of hazards  # Informing control: whether existing control measures 
should be maintained, stopped, or changed to improve the efficiency of surveil-
lance and risk mitigation. This may include providing reassurance about the 
absence of specific existing or new diseases (which could threaten animal health 
or welfare or public health) to confirm that risk mitigation is not required.

Portfolio A portfolio considers multiple items between which a resource allocation 
decision has to be made.

Precision How closely defined a numerical estimate is. A precise estimate has a 
narrow confidence interval. Precision is influenced by prevalence, sample size, 
and surveillance system quality.

Proactive surveillance See: Active surveillance
Process effectiveness/quality The surveillance system organization according to 

best practices
Program evaluation A systematic method for collecting, analyzing, and using 

information to answer questions about projects, policies, and programs, particu-
larly about their effectiveness and efficiency. In both the public and private sec-
tors, stakeholders often want to know whether the programs they are funding, 
implementing, voting for, receiving, or objecting to are producing the intended 
effect. While program evaluation first focuses around this definition, important 
considerations often include how much the program costs per participant, how 
the program could be improved, whether the program is worthwhile, whether 
there are better alternatives, if there are unintended outcomes, and whether the 
program goals are appropriate and useful. Program evaluation may be conducted 
at several stages during a program’s lifetime. Each of these stages raises dif-
ferent questions to be answered by the evaluator, and correspondingly different 
evaluation approaches are needed. Rossi, Lipsey, and Freeman (2004) suggest 
the following kinds of assessment, which may be appropriate at these different 
stages: Assessment of the need for the program; Assessment of program design 
and logic/theory; Assessment of how the program is being implemented (i.e., is 
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it being implemented according to plan? Are the program’s processes maximiz-
ing possible outcomes?); Assessment of the program’s outcome or impact (i.e., 
what it has actually achieved); Assessment of the program’s cost and efficiency.

Reactive surveillance See: Passive surveillance
Recommendations The suggestion or proposal as to the best course of action, 

especially one put forward by an authoritative body. Recommendations on how 
to improve health surveillance strategies and systems are the major outcomes of 
health surveillance evaluations. The recommendations should follow best evalu-
ation practices, including impartiality, independence, and transparency.

Repeatability How consistently the study results can be reproduced over time.
Representativeness The extent to which the features of the population of interest 

are reflected by the population included in the surveillance activity. These fea-
tures may include herd size, production type, age, sex or geographical location or 
time of sampling (important for some systems, e.g., for vector-borne infection).

Requirement Input-based standards prescribe the surveillance activities to be car-
ried out (i.e., sampling strategy, sample size, choice of test, and frequency of 
testing), assuming that the population properties of herds are homogeneously 
distributed. Output-based standards prescribe what surveillance has to achieve, 
thus providing flexibility required to find the most effective surveillance approach 
for the specific population under surveillance. Source: http://www.ncbi.nlm.nih.
gov/pubmed/22305852 Cameron, 2012: PVM 2015, p. 280–286

Resource availability An assessment of the financial and human resources avail-
able for implementing the surveillance activity including the expertise and capa-
bility of personnel.

Risk The likelihood of the occurrence and the likely magnitude of the biological 
and economic consequences of an adverse event or effect to animal or human 
health. Source: http://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.
htm OIE Terrestrial Animal Health Code

Risk factor assessment The evaluation of the likelihood and the biological and 
economic consequences of entry, establishment, and spread of a hazard within 
the territory of a country.  Source: http://www.oie.int/index.php?id=169&L=0&
htmfile=glossaire.htm OIE Terrestrial Animal Health Code

Risk factors # geography  # animal  # management  # environmental or other fac-
tors  # + free text to describe. Source: RISKSUR

Risk-based analysis Use of prior or additional information about the probability 
of hazard occurrence, including contextual information and prior likelihood of 
disease to revise conclusions about disease status.

Risk-based prioritization Determining which hazards should be selected for sur-
veillance based on information about the probability of their occurrence and the 
extent of biologic and/or economic consequences of their occurrence.

Risk-based requirement Use of prior or additional information about the proba-
bility of hazard occurrence to revise the surveillance intensity required to achieve 
the stated surveillance purpose.

Risk-based sampling Designing a sampling strategy to reduce the cost or enhance 
the accuracy of surveillance by preferentially sampling strata (e.g., age groups 
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or geographical areas) within the target population that are more likely to be 
exposed, affected, detected, become affected, transmit infection, or cause other 
consequences (e.g., large economic losses or trade restrictions).

Risk-based surveillance Use of information about the probability of occurrence 
and the magnitude of the biological and/or economic consequence of health haz-
ards to plan, design, and/or interpret the results obtained from surveillance sys-
tems. Risk-based surveillance can include one or several of the following four 
approaches:  # Risk-based prioritization  # Risk-based requirement  # Risk-based 
sampling  # Risk-based analysis

Sample type(s) # blood / plasma / serum  # animal swab, tissue  # carcass  # feces  
# urine  # semen  # milk / colostrum  # environmental sample  # clinical surveil-
lance  # postmortem   <h6> Source: RISKSUR</h6>

Sampling strategy Use of appropriate sampling strategies including the use of 
risk-based approaches (i.e., risk-based requirement calculation or risk- based 
sampling) and pooled sampling where appropriate. The basis of the risks used in 
the design of the risk-based sampling strategy should be assessed.

Scope of surveillance activity: Component A single surveillance activity (defined 
by the source of data and the methods used for its collection) used to investigate 
the occurrence of one or more hazards in a specified population.

Scope of surveillance activity: Portfolio A range of surveillance components (and 
the associated organizational structures) used to investigate the occurrence of 
more than one hazard in a specified population.

Scope of surveillance activity: System or network A range of surveillance com-
ponents (and the associated organizational structures) used to investigate the 
occurrence of a single hazard in a specified population.

Sensitivity Sensitivity of a surveillance system can be considered on three levels:  
# Surveillance sensitivity: Case detection  # Surveillance sensitivity: Outbreak 
detection  # Surveillance sensitivity: Presence

Sentinel surveillance The repeated collection of information from the same 
selected sites or groups of animals (e.g., veterinary practices, laboratories, herds, 
or animals) to identify changes in the health status of a specified population over 
time. These sentinels should act as a proxy for the larger population of interest; 
they may be selected on the basis of risk but can also be selected randomly or on 
the basis of convenience or compliance.

Simplicity Refers to the surveillance system structure, ease of operation, and flow 
of data through the system.

Stability and sustainability The ability to function without failure (reliability), the 
ability to be operational when needed (availability) and the robustness and ability 
of the system to be ongoing in the long term (sustainability).

Stakeholders Also: owners and beneficiaries. Name of organization(s) paying for 
the surveillance activity and identification of beneficiaries.

Study design # Case reporting (voluntary or mandatory)  # Survey  # Continuous 
collection  # Participatory  # Sentinel  # Event-based (media-based).

Surveillance The systematic, continuous or repeated, measurement, collection, 
collation, analysis, interpretation, and timely dissemination of animal health 
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and welfare-related data from defined populations. These data are then used to 
describe health hazard occurrence and to contribute to the planning, implementa-
tion, and evaluation of risk mitigation actions.

Surveillance component A specific activity undertaken within a surveillance sys-
tem (e.g., event-based surveillance in farms; active sampling of birds in slaugh-
terhouses; active sampling of birds in live bird markets, etc.).

Surveillance context The epidemiological, social, economic, and political 
situation(s) within which the surveillance is undertaken and that could poten-
tially affect its performances; the surveillance context could differ within differ-
ent administrative levels within one country.

Surveillance objective States those goal(s) that when met will result in the collec-
tion and analysis of data in order to achieve the purpose of the system (http://
www.fp7-risksur.eu/terminology/faq#References).

Surveillance purpose Describes why surveillance is necessary and what it will 
accomplish (http://www.fp7-risksur.eu/terminology/faq#References).

Surveillance sensitivity: Case detection The proportion of individual animals or 
herds in the population of interest that have the health-related condition of inter-
est and that the surveillance system is able to detect.

Surveillance sensitivity: Outbreak detection The probability that the surveillance 
system will detect a significant increase (outbreak) of disease. This requires a 
clear definition of what constitutes an outbreak.

Surveillance sensitivity: Presence The probability that disease will be detected if 
present at a certain level (prevalence) in the population.

Surveillance system The network of actors engaged in health surveillance activi-
ties:  sharing information and taking relevant actions as defined in the surveil-
lance  strategy and different surveillance component protocols.

Sustainability The ability to be maintained over time.
Syndromic surveillance Surveillance that uses health-related information (clinical 

signs or other data) that might precede or substitute for formal diagnosis. This 
information may be used to indicate a sufficient probability of a change in the 
health of the population to deserve further investigation or to enable a timely 
assessment of the impact of health threats which may require action. This type of 
surveillance is not usually focused on a particular hazard and so can be used to 
detect a variety of diseases or pathogens including new (emerging) diseases. This 
type of surveillance is particularly applicable for early warning surveillance.

Target value The Target Value of a process is the numerical aim of the process that 
is preferred for the quality characteristic of interest; e.g., a surveillance system 
could have a target value for its sensitivity set at 90%.

Technical effectiveness Technical efficiency is the effectiveness with which a 
given set of inputs is used to produce an output. A surveillance system is said to 
be technically efficient if it reaches its maximum outputs (e.g., performances) 
from the minimum quantity of inputs, such as labor, capital, and technology.

Timeliness Timeliness can be defined in various ways: Usually defined as the 
time between any two defined steps in a surveillance system. The time points 
chosen are likely to vary depending on the purpose of the surveillance activity. 
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For outbreak detection this can be defined using various time points (e.g., the 
time between exposure to the infectious agent and the initiation of risk-mitiga-
tion measures or the time between when disease could have been detected and 
reported and the time when it actually was reported). For planning purposes, 
timeliness can also be defined as whether surveillance detects changes in time 
for risk-mitigation actions to reduce the likelihood of further spread. One way of 
measuring this would be to assess the number of cases present in the population 
when disease was detected. The precise definition of timeliness chosen should be 
stated as part of the evaluation process.

Training provision Provision of adequate initial training and an ongoing program 
of training for those implementing the surveillance system.

Transparency All stakeholders aware of the evaluation aim and detail process.
Unit of interest Units selected for sampling in surveillance activity (level of sam-

pling), e.g., animal, farm, batch, village
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