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Executive Summary

Effective surveillance is essential to understand pathogen epidemiology and conse-

quently essential to the development of disease control programmes. The global spread

of pandemic H1N1 and SARS has demonstrated the need for international cooperation

in tackling the challenges of zoonoses and recent changes to the international health

regulations and OIE guidelines place increasing emphasis upon the need for effective in-

fectious disease surveillance and response capacities at the national level. Whilst there

is growing consensus regarding the value of effective surveillance, it is clear that the

need for enhanced surveillance capacity must be considered alongside other national

and international funding priorities.

The objective of this study was to provide advice on future research and funding prior-

ities with respect to the identification of potential zoonoses hotspots by critiquing the

costs and benefits of surveillance for neglected and emerging zoonoses and identifying

the usefulness of past investments in surveillance and monitoring systems.

To explore these objectives and address the terms of reference for this project we present

a review that discusses:

• where on the global scale human and livestock disease surveillance is currently

conducted;

• the evaluation of surveillance systems and options for determining cost-effectiveness;

• the issues surrounding the recording, reporting and response to surveillance data

in developing countries;

• the use of innovative methods for the surveillance of zoonotic diseases;

• the available data on budgets and costs of zoonoses surveillance.

This study included review of both peer-reviewed and grey literatures with sixty-one

named zoonosis surveillance systems identified and summarised. 30% and 28% of these

systems included surveillance of only human or only animal populations respectively.

Developing countries are more susceptible to infectious disease outbreaks, have less

capacity to detect or report them, and are also least able to withstand the severe social

and economic sanctions and consequences that often follow. However, we found that the

developing world is currently severely underserved by surveillance systems for zoonoses.

Existing estimates of the direct and indirect economic losses associated with zoonotic

disease outbreaks illustrate the scale of impact that these events can have. Estimates
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for the direct costs of recent zoonoses outbreaks include $400 million for Nipah virus

in Malaysia, $11,000 million for BSE in the UK, and $50-120,000 million for SARS

globally (The World Bank, 2010).

This study identified several innovative approaches which can be applied to the surveil-

lance of zoonoses including the use of mobile-phone based surveillance tools, participa-

tory epidemiology, sentinel surveillance and syndromic surveillance. These approaches

are designed to be flexible and cost-effective and all have the potential to achieve timely

data collection and to enable access to and greater use of less traditional data sources.

It is likely that the utility of these new approaches may be greatest in areas that are cur-

rently least well served by existing surveillance systems. For example, by the end of 2010

mobile phone cellular user rates for the developing world were predicted to reach 68%,

as compared to internet user rates of 21% (ITU, 2011). Effectively, telecommunications

companies have provided a global communications infrastructure that is inherently sus-

tainable and can be utilised for disease surveillance purposes (IOM, 2007). The use of

mobile phones also provides capacity for two-way communication and feedback of data

to participants in surveillance, which is a critical element of system effectiveness and

sustainability.

Key messages (& strength of evidence supporting them)

There is considerable scope for future investments in surveillance to improve our ca-

pacity to detect and control emerging zoonoses. To date, most investment has been

directed towards predicting disease emergence hotspots, with much less attention given

to control of endemic zoonoses. While gaps in surveillance capacity are of great im-

portance in both cases, we argue that it will be more effective to focus resources on

strengthening surveillance of endemic zoonoses. This will achieve multiple benefits, not

only increasing the likelihood of detecting new and emerging zoonotic disease events,

but also reducing the burden of endemic zoonoses, which have disproportionate negative

impacts upon developing world countries and for which cost-effective control options

already exist.

Review of surveillance systems

• Developing world countries are severely under-served by existing surveillance ca-

pacity. (Evidence - Strong)

• This lack of capacity and the resulting absence of data on the burden of zoonotic

diseases leads to their ongoing neglect at the policy level. (Evidence - Strong)
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• Few integrated surveillance systems exist, with the majority designed for the

surveillance of human populations only or animal populations only. (Evidence -

Strong)

• There is no standardised organisational model for the handling of zoonoses at the

national and international levels in terms of policy-setting, management struc-

tures, surveillance design, laboratory capacity and data management. (Evidence

- Strong)

• Most investments have focused on laboratory capacity and technical training,

with relatively little attention given to the collection of field data, particularly at

the interface between human and livestock populations. (Evidence - Moderate)

Evaluation of surveillance systems

• There are very few reported examples where zoonoses surveillance systems have

been evaluated. (Evidence - Strong)

• Guidelines for the evaluation of surveillance systems exist, but have rarely been

adopted in full. (Evidence - Strong)

• Efforts to assess the cost-effectiveness of investments in surveillance are currently

limited by the absence of required data. (Evidence - Strong)

• Commonly used metrics for the evaluation of the cost-effectiveness of surveillance

and control options, such as the DALY, underestimate the costs of neglected

zoonotic diseases, perpetuating their neglect. (Evidence - Moderate)

• The specific costs and benefits of surveillance are extremely complex to estimate,

partly because of the overlap of surveillance with other health system activities.

(Evidence - Strong)

• Cost-effectiveness measures should be considered alongside other tools and ap-

proaches for priority-setting. (Evidence - Moderate)

• The provision of clear evidence of the cost-effectiveness of surveillance and control

options for zoonoses does not necessarily result in the implementation of these

options. (Evidence - Moderate)

Socioeconomic influences on disease reporting

• Zoonoses are often chronically under-reported and the consequences of under-

reporting of both emerging and endemic zoonoses can be severe. (Evidence -

Strong)
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• Many factors can contribute to reporter unwillingness and/or inability to report,

and these factors are likely to vary across socioeconomic groups and contexts.

(Evidence - Strong)

• In the developing world context, the absence of a useful response to a disease

report often acts as a major barrier to reporting. (Evidence - Moderate)

• Disease reporting can have considerable costs, including time and effort, as well as

the potentially severe negative consequences of reporting e.g. trade and movement

restrictions, destruction of animals. (Evidence - Strong)

• In combination, the absence of benefits and existence of costs, makes it under-

standable that individuals often chose not to report. (Evidence - Moderate)

Innovative surveillance approaches

• Innovative approaches and data collection tools can be employed to address a

range of surveillance questions, but to be effective, they need to be incorporated

within well-designed surveillance systems. (Evidence - Strong)

• To date, these techniques have mostly been applied in the human sector and

there are few examples of their application to livestock or zoonoses surveillance,

particularly in the developing world. (Evidence - Strong)

• The key capacity of these innovations lies in their flexibility and potential to enable

better use of existing data sources, to overcome infrastructural deficiencies and

address some of the gaps in existing surveillance capacity. (Evidence - Moderate)

Surveillance budgets

• The data available to quantify investments in surveillance and monitoring ac-

tivities are very limited at both national and international levels. (Evidence -

Strong)

• Surveillance is not a discrete activity and has considerable overlap with other

health systems activities, both in terms of personnel and resources. As a con-

sequence it is very difficult to define and allocate partial costs to a surveillance

budget and few attempts have been made to do this. (Evidence - Strong)

Synthesis of findings

• The greatest ‘usefulness’ of past investment in the surveillance and monitoring of

zoonoses has been in establishing relationships between disciplines and stakehold-

ers, and in developing core capacities such as training of personnel, laboratory
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capacity and interdisciplinary dialogue that are inherently flexible and can en-

hance the surveillance of multiple disease threats (See Section 3.4). (Evidence -

Moderate)

• Whilst research into the identification of future zoonosis emergence hotspots is

certainly warranted, we do not yet have sufficient confidence in the predictive

power of these techniques to justify their exclusive use for policy-setting. (Evi-

dence - Moderate)

• There are compelling ethical and economic arguments for targeting resources

towards endemic zoonoses. (Evidence - Strong)

• In many parts of the world we already have the capacity to detect and respond

to disease outbreaks within a matter of days or even hours and we argue that the

best way to tackle existing threats and to prepare for future emergence events

is to invest in strengthening core capacities for disease detection and response

in those areas where they are currently most deficient and bring them up to a

common global standard. (Evidence - Moderate)

Key knowledge gaps and research priorities

The principal challenge encountered during this review has been the fundamental lack

of data. In many parts of the world there is essentially no ongoing surveillance for

many zoonoses, creating a major gap in our knowledge of what pathogens are present,

where they occur, and the risks that they pose. This lack of data, which has historically

contributed to the neglect of endemic zoonoses has huge implications for the assessment

of future surveillance priorities. When surveillance programmes are implemented, they

are only rarely evaluated and this creates challenges for the assessment of the value

of past investments. In combination, these gaps in knowledge and capacity greatly

complicate risk assessment and priority-setting exercises and there is a clear need to

address these gaps so that better informed policy decisions can be made.

Future research effort should be focused at breaking the existing feedback cycle that

perpetuates the circumstances where areas with weakest disease surveillance capacity

coincide with areas of greatest zoonotic disease risk. To do this, it is important to focus

upon enhancing capacity to respond to zoonoses. The endemic zoonoses have been

described as low hanging fruit with cost-effective tools available for their for control

and elimination (Molyneux, 2008; Molyneux et al., 2011). By focusing on enhancing

capacity to respond to existing zoonotic pathogens, there is an opportunity to tackle

the burden of endemic zoonoses in its own right whilst simultaneously demonstrating

the importance of effective responses in incentivising surveillance. This would stimulate
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a culture of surveillance in those areas of the world where efforts are most needed, to

tackle both endemic and emerging zoonotic threats.

Review of surveillance systems

• Existing surveillance capacity gaps in the developing world mean that policy-

makers are currently provided with very little information with which to make

informed decisions.

• Efforts to tackle existing data gaps must prioritise the collection of accurate field

data at the ground level.

• Investments are probably best used to support surveillance schemes that are ex-

plicitly designed to integrate data from both animal and human populations, to

address more than one zoonotic pathogen and that integrate control and response

capacity from the outset.

Evaluation of surveillance systems

• Country and regional-level reviews of zoonoses surveillance systems need to be

conducted to develop coherent national systems for surveillance that integrate

zoonotic diseases e.g. adapting the method of Baker et al. (2010). Pilot assess-

ments conducted for a small number of developing countries could provide a useful

starting point.

• Separate estimates of the costs and benefits of surveillance should be made for a

small number of national systems.

• Existing international regulations and guidelines should be adapted to include

indicators of the costs and performance of surveillance systems.

• The development of priority-setting tools should be integrated with social science

research into the decision-making processes and priorities of different stakeholders.

Socioeconomic influences on disease reporting

• Efforts to enhance disease reporting in developing countries should be based upon

much greater understanding of why individuals choose to report disease, rather

than focusing exclusively on the practical tools used.

• These efforts should focus on the grass-roots level at the bottom of the reporting

pyramid, the fundamental source of all surveillance data.
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• Social science-based research is required to appreciate and understand the differ-

ent viewpoints, priorities and decision-making processes of stakeholders and to

achieve better communication and implementation of existing data.

• Attempts to impose sanctions for poor reporting on the local scale are unlikely

to be effective in the developing world and a more positive approach should be

adopted to promote the value of reporting, celebrate successes and reward change.

• It is essential that stakeholder participation in surveillance systems is rewarded

by a useful response.

• Investments targeted at strengthening capacity to control endemic zoonoses can

be used to provide a tangible demonstration of the value of reporting and incen-

tivise engagement with surveillance systems in which reporting and response are

effectively linked.

• On the ground research is required to evaluate mechanisms for the provision of

feedback and support to reporters and to assess what incentives work best for

different stakeholders in different settings.

Innovative surveillance approaches

• Many innovative surveillance approaches hold great potential value for zoonoses

surveillance but they have yet to be widely applied and there is a need for invest-

ment in field-trialling of these approaches to address current knowledge gaps.

• These trials should be targeted towards the development of mobile-phone based

automated animal and human health data collection and handling systems that

prioritise two-way communication.

• Sentinel and syndromic surveillance approaches can be used to enable the collec-

tion of essential baseline data on disease occurrence.

Surveillance budgets

• Accurate data on the costs of different surveillance options are essential to inform

policy-making but at present, the availability of these data is very limited and

there is a need for studies that design and field-test new tools for collecting data

to allocate costs to zoonoses surveillance.

• The application of these tools and provision of data on surveillance costs should

be conducted in parallel with assessments of surveillance system performance to

enable evaluation of the value of investments made in relation to performance

enhancements achieved.
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Synthesis of findings

The lessons of past investment indicate that the greatest usefulness has been achieved

through investment in core capacities that enhance the capacity for surveillance overall.

It is therefore important that the best possible use is made of existing surveillance

capacities and that future investment is directed towards achieving better integration

of existing systems and to identifying and filling current gaps in coverage at interfaces

between human and animal populations.

The current gaps in zoonoses surveillance capacity are predominantly focused in the

developing world and there is a need to address the reasons for the underreporting in

these regions. A key barrier to reporting is an absence of response when reports are

made. The provision of a tangible response is essential to ensuring the sustainability of

any surveillance system. To address global gaps in zoonoses surveillance capacity there

is therefore a need to prioritise research into tackling the burden of existing endemic

zoonoses for which effective response and control options exist. By investing in country

level response and surveillance systems that help to control endemic zoonoses, progress

can be made towards tackling the immediate health/development problems posed by

zoonoses, demonstrating the practical benefits of surveillance and simultaneously help-

ing to fill the gaps in the capacity of the global surveillance system to respond to future

emerging threats.
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Chapter 1

Introduction

Surveillance is defined by the World Health Organization (WHO) as the ongoing system-

atic collection, collation, analysis and interpretation of data and the dissemination of

information to those who need to know in order for action to be taken (WHO, 1997). As

such, it is clear that surveillance is an essential pre-requisite for the understanding and

control of infectious disease threats. Monitoring has been defined as “ongoing efforts to

assess the health and disease status of a given population” (Salman, 2003). Monitoring

is therefore an information gathering process that does not involve any action taken

subsequent to gaining that information. In contrast, surveillance is considered a more

active process and is a more inclusive term. Surveillance includes monitoring activities

and a critical additional element of surveillance is that an identified response is made

on the basis of the data generated through monitoring, to allow appropriate action to

be taken.

The increasing recognition of the threat posed by emerging and re-emerging zoonoses

and the awareness that this threat will persist and probably increase in the future,

has prompted a multi-national reappraisal of the existing networks and systems of in-

fectious disease surveillance. The importance of interactions between human, wildlife

and domestic animal populations, the potential for the rapid global spread of emergent

pathogens and appreciation of the need to carry out surveillance for as yet unknown

pathogens demonstrates the necessity for novel, interdisciplinary surveillance strategies

1
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that are both more comprehensive and more flexible than any that have existed previ-

ously. At the same time there is also a growing awareness of the substantial burden of

disease posed by endemic, neglected zoonotic pathogens (WHO and DFID, 2006; IOM

and NRC, 2009; Perry et al., 2011). These diseases are neglected because they affect

mainly poor and marginalised communities, and because few data exist to demonstrate

their true burden. Irrespective of the policy focus on emerging or endemic threats, it

is clear that good surveillance is required to tackle these disease challenges.

As a consequence there has been a proliferation of international collaborative schemes,

workshops and reports that address the issues surrounding the global surveillance of

infectious diseases in general and zoonoses specifically (King et al., 2004; FAO et al.,

2008; IOM and NRC, 2009; The World Bank, 2010), and there is now a considerable

but still largely aspirational literature on the way in which the global surveillance of

infectious diseases in general and zoonoses in particular should be done (FAO et al.,

2008; IOM and NRC, 2009; The World Bank, 2010).

Several key themes recur in this literature:

• The need for effective integration between human and animal surveillance, which

is repeatedly identified as key to the successful surveillance of emerging infec-

tious diseases (Morse, 1995; Murphy, 1998; Shears, 2000; Cleaveland et al., 2001;

Woolhouse, 2002; Kuiken et al., 2005; Woolhouse and Gowtage-Sequeria, 2005;

Kahn, 2006; FAO et al., 2008; IOM and NRC, 2009; The World Bank, 2010). The

effective integration of the medical and veterinary disciplines may be particularly

important in the developing world (Shears, 2000). Given both limited current

infrastructure and resources for investment in both the human and animal sec-

tors, an integrated approach to disease surveillance would encourage avoidance

of duplicated effort and investment, whilst focusing on the ways in which these

sectors could work together to make best use of any available resources (Shears,

2000). Across the developing world, people and animals live in close association

and interact on a day-to-day basis and it is at least partly for this reason that

the burden of endemic zoonoses is disproportionately focused upon the develop-

ing world (Maudlin et al., 2009). The existence of these close associations also
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suggests that integrated ‘one health’ strategies will have more intuitive applica-

tion in these areas where there may be a greater instinctive understanding of the

concepts and values of this approach.

• The need for open and rapid flow of information between disciplines and stake-

holders. Surveillance is typically hierarchical and mostly reliant on multiple steps

of information flow (e.g. from patient/livestock owner → healthcare worker/ vet-

erinarian → district/regional health/veterinary facility → central government).

The quality of surveillance data can potentially deteriorate at each step in this

hierarchy resulting in limited capacity to inform appropriate, timely and effective

responses.

• The need for the development and validation of novel approaches to surveillance

that make the most use of the variety of data sources that exist in order to address

the demands of the global and multi-species scope of zoonoses surveillance

The ways in which these key themes should and could be addressed will vary across

different geographical and socioecological settings and the development of surveillance

schemes must recognise this need for flexibility to avoid the imposition of locally inap-

propriate surveillance tools.

Zoonotic diseases often impose a dual burden on human health; they are a direct cause

of disease, but also have impacts on livestock production and trade, damaging human

livelihoods and well-being. Consequently, communities that live in close proximity with

animals, and have a higher reliance on livestock for survival (usually the rural poor),

bear the highest burden. As well as facing a higher existing burden of endemic zoonotic

pathogens, the developing world has been identified as at particular disadvantage in

terms of existing capacity to cope with the threat posed by emerging diseases (Shears,

2000; Breiman et al., 2007). High profile pathogen outbreaks in Africa such as viral

haemorrhagic fevers and the spread of H5N1 influenza A in 2006-2007 have revealed the

current shortcomings in surveillance capacity and prompted consideration of alternative

strategies to develop core capacities vital to the surveillance of all potential disease

threats (Shears, 2000; Breiman et al., 2007).
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There is consensus that the surveillance of emerging infectious diseases, many of which

are zoonotic, is a global public good but a smaller literature on the practical steps

required to achieve this and considerable debate as to the financing mechanisms and

sustainability of such a system. The current interest in the ‘One Health’ approach and

surveillance of zoonoses specifically provides an opportunity to capitalise upon available

resources to tackle both emerging threats and neglected zoonoses, which impose a

considerable global burden.

This report compiles information from a wide range of sources and disciplines as well as

a range of expert opinions to provide an overview of the current state of international

zoonoses surveillance capacities. The following report sections describe reviews of ac-

tive surveillance schemes for both human and animal disease from around the world

and examine the issues surrounding each of the key themes of zoonoses surveillance;

interdisciplinary cooperation, communication and data flow and novel surveillance ap-

proaches. Lessons learned from previous investments in surveillance and monitoring

systems are outlined and approaches towards the identification of zoonoses hotspots

and other surveillance strategies are discussed. The concluding section draws together

the lessons from past activities and makes recommendations for future research priori-

ties to enable improvements and make steps towards the development of the enhanced

zoonosis surveillance systems that are needed.



Chapter 2

Review Methodology

This review focused upon current zoonoses surveillance activities. Given the consider-

able geographical and epidemiological scope of this activity, this is necessarily a broad-

scale review, conducted to provide an overview of those surveillance activities that are

being carried out and not an attempt to describe or evaluate the performance of in-

dividual systems in depth (See Chapter 4 for further discussion of surveillance system

evaluation).

Throughout this report, many of the arguments made are illustrated with reference to

six specific zoonotic diseases that were selected to illustrate and reflect the different geo-

graphic, policy and socioeconomic scales upon which zoonoses can impact. The selected

zoonoses include both neglected zoonoses (brucellosis, rabies, echinococcosis, cysticer-

cosis) and emerging or re-emerging zoonoses (HPAI and Rift Valley Fever (RVF)). The

review methodologies described below were not restricted to these named pathogens

but instead focused upon zoonoses as a whole. A more focused analysis in which the

literatures specific to these six pathogens were reviewed is described further in Chapter

4.

The first step in the review exercise was the compilation of data from previously pub-

lished reviews of the peer-reviewed literature on surveillance systems for zoonoses. This

review was conducted in order to compare the outcomes of these previous reviews, iden-

tify any common conclusions and determine the best strategy for our systematic review.

5
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One of the key findings of this initial survey of the peer-reviewed literature is that the

majority of descriptions and evaluations of surveillance systems are in fact published in

the grey literature. For this reason we also conducted a more extensive review focusing

explicitly on this grey and literature, the methodology of which is described below. The

results of these review exercises are discussed in the following chapter (See Chapter 3).

2.1 Previous reviews of zoonoses surveillance activities

There have been a number of recent publications of relevance to this review exercise

(Bravata et al., 2004; Watkins et al., 2006; Hitchcock et al., 2007; Meynard et al., 2008;

IOM and NRC, 2009; Vrbova et al., 2009; Baker et al., 2010; Vrbova et al., 2010), and

two were of particular relevance. The review conducted by Bravata et al. (2004) aimed

to describe surveillance systems of relevance to the early detection of bioterrorism-

related diseases (Bravata et al., 2004). Although this review focused on systems for

the detection of bioterrorism-related diseases it also included systems for naturally

occurring diseases, if potentially useful for bioterrorism surveillance. As a consequence,

the review did include emerging infections more generally and although not specifically

focused upon zoonoses many of the findings of this review are applicable here. The

review included 17510 articles and 8088 web sites and identified 115 systems, only 29

of which were in fact specifically designed for bioterrorism surveillance (Bravata et al.,

2004).

A more recent review focused specifically on the surveillance of zoonoses. Vrbova et al.

(2010) recently conducted a systematic review of the peer-reviewed literature to identify

and characterise surveillance systems for emerging zoonoses (Vrbova et al., 2010). This

review was motivated by three key questions, which are in line with the key questions

that drive this current report:

• What public health surveillance initiatives for emerging zoonotic diseases exist

worldwide?

• Have these surveillance activities been evaluated?

• What criteria were used to evaluate these surveillance initiatives?
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The search of published literature (covering the period 1992-2006) used over 750 search

terms based on terms for surveillance activities and a comprehensive list of zoonoses and

identified a total of 2263 published articles. From these resources a total of 221 surveil-

lance systems that met the study inclusion criteria were identified and summarised

(Vrbova et al., 2009, 2010). The data extracted from each of the 221 systems included

the purpose, location, population, year started, organisations involved, disease(s) under

surveillance, whether the agent is known/defined, data collected, collection and analysis

methods and evaluations performed (Vrbova et al., 2010). This review explicitly con-

sidered zoonoses that were classified as emerging (see Vrbova et al. (2010) for definition

used) and may therefore have excluded those systems focusing on endemic pathogens.

However, the status of pathogens as emerging was not classified on a case-by-case basis

and because many zoonoses that are endemic in one country or region are also con-

sidered emerging in other settings it is unlikely that surveillance systems for endemic

zoonoses were severely under-represented in this review.

2.2 Review of the grey literature on zoonoses surveillance ac-

tivities

Surveillance systems must by definition be planned as relatively long-term ongoing ac-

tivities and although the academic community may be involved in the design of such

systems, it is more commonly the case that governments and non-governmental organ-

isations (NGOs) are responsible for their practical implementation and sustainability.

A consequence of this is that much of the literature regarding surveillance systems is

not published in peer-reviewed formats (Hitchcock et al., 2007; Vrbova et al., 2010)

but as commissioned reports and promotional/explanatory material produced by the

organisations that are directly involved. Because of this, we conducted a review of

surveillance activities that focused on this grey and largely online literature.

We used an inclusive definition of a surveillance system, defined by Hoinville et al.

(2009) as ‘the range of different surveillance activities that are able to produce data

about the status of a particular disease in a population’, where, surveillance is ‘the sys-

tematic, ongoing measurement, collection, collation, analysis, interpretation and timely
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Table 2.1: Description of the criteria used for the classification of all surveillance sys-
tems identified through the initial review of peer-reviewed and grey litera-
ture sources

Criterion Description

Ongoing surveillance Is the system currently active/ is surveillance ongoing?

International Is the system international in scope?
(This includes both the geographic scope of the sources from which
the data is collected and the composition and location of compo-
nents of the system)

Zoonoses Does the system explicitly cover one or more zoonotic pathogens?

Multi-pathogen Does the system cover one pathogen only or multiple pathogens?

Human Only Does the system only include surveillance of human populations?

Animal Only Does the system only include surveillance of animal populations?

Human & Animal Does the system include surveillance of both human and animal
populations?

dissemination of animal health related data essential for describing disease occurrence

and for planning, implementation, and evaluation of disease control measures’. In this

review, we also included the complementary surveillance of human health related data.

A two-stage search strategy was used. The first stage involved the initial identification

of named surveillance schemes and systems. All systems referred to in the peer-reviewed

literature reviewed above were added to a list of named systems and an additional pre-

liminary search was conducted using Google, through which the first 100 references

obtained from a search using the terms Global, Zoonoses and Surveillance were indi-

vidually checked and any named surveillance systems identified were added to the list

of named systems. Very broad initial inclusion/identification criteria were used in these

initial searches, essentially only that the material regarding/referring to the surveillance

system was written in English. The systems identified did not need to cover all activi-

ties of a surveillance system as defined above but did need to be ongoing and to include

one or more of these activities. Any named surveillance system was then recorded and

added to the database of systems to be characterised. In the second stage of the review,



Review Methodology 9

all identified systems entered into the database were then searched for explicitly using

Google and categorised using the criteria given in Table 2.1.

The identified systems that were classified as ongoing, international in scope, covering

zoonoses, covering multiple pathogens and including surveillance of both human and

animal populations were summarised further. In each case, the data listed in Table

2.2 were extracted. To maximise the comparability of findings across reviews, these

extracted data are based upon those used by Vrbova et al. (2010). The summaries of

the identified surveillance systems are given in Appendix B.

The findings of these reviews are discussed in Chapter 3, the classification of all systems

identified is given in Appendix B and the detailed summarie of the selected zoonosis

surveillance systems are given in Appendix C. An additional targeted review exercise

designed to focus specifically upon the cost-effectiveness of surveillance for zoonoses is

described and discussed separately in Chapter 4.



Review Methodology 10

Table 2.2: Description of the data extracted for ongoing surveillance systems that have
international scope and include the surveillance of multiple pathogens (in-
cluding at least 1 zoonosis) in both animals and humans

Item Description

System name The name of the surveillance system

Purpose The purpose of the system as stated in the system material

Location/Coverage The countries/continents over which the system functions

Setting Any additional details regarding the setting of the system (e.g.
ecosystem type?)

Population A description of the population under surveillance

Year started The year that the system started operating

Organisations involved The organisations involved in the operation of the system

Syndromes and/or
pathogens/diseases
under surveillance

The pathogens/diseases/syndromes that the system monitors

Single/Multiple Does the system collect data on just one pathogen/disease or on
more than one?

Data collection A summary of the type of data collected (e.g. laboratory test
results, human symptoms, mortality statistics etc.)

Data handling and anal-
ysis

A summary of the handling and analysis of data received by the
system, including assessments of validity etc.

Output/response A summary of the actions taken as a consequence of ‘case’ detec-
tion by the surveillance system

Animal/Human/Both Does the system collect data from human populations only, animal
populations only or both?

Funding What are the sources of funding for the system?



Chapter 3

Reviews of current human &

livestock surveillance activities for

zoonoses

3.1 Summary

This first section of the report addresses the task of reviewing current surveillance

activities for both human and livestock diseases, and includes consideration of the

geographical sites and regions in which these surveillance activities are being conducted

and in which impacts are made. Reviews of both the published and grey literature are

presented and the themes discussed include, the geographical distribution and coverage

of existing surveillance systems, the integration of the human and animal health sectors,

the involvement of the public and private sectors in surveillance, and the evaluation of

surveillance systems. We also discuss approaches to the definition and identification of

zoonoses hotspots.

The reviews presented indicate that although many identified surveillance systems are

designed to achieve global coverage, there are fundamental gaps in surveillance capacity

and developing world countries are currently severely under-served by existing surveil-

lance systems. This gap has been exacerbated to some degree by the focus in recent

11
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years upon the use of high-technology data transfer and manipulation techniques for

surveillance. In those areas where communications infrastructures are limited, systems

dependent upon the internet for example have little impact. At the same time, there

has been a relative neglect of the grass roots collection of field data. Evidence of a

trend towards greater integration between the human and animal sectors is presented.

However, the majority of systems identified are still designed for the surveillance of a

human population only or an animal population only. In addition, a recent focus of

surveillance activities upon areas of human - wildlife interface is identified, particularly

amongst those surveillance systems designed specifically to predict and detect emerging

pathogens. Research into the identification of zoonoses hotspots has focused to date

on the prediction of pathogen emergence and targeting of surveillance to those areas

at which emergence is considered most likely. We argue that priority setting strate-

gies should consider both emerging and endemic threats and that there is also a need

to develop tools for the identification of areas of interface between humans and both

livestock and wildlife populations at which the impacts and burden of zoonoses may

be greatest. The importance of surveillance system evaluation is discussed but a severe

lack of evaluation of existing surveillance systems is identified.

3.2 Integration between animal & human surveillance sectors

In the sample of published studies included in the analysis of zoonoses surveillance

systems conducted by Vrbova et al. (2010), the number of classified systems that con-

tained both animal and human data increased markedly in 2000 (year of publication)

indicating that the surveillance community has responded to the call for integrated

surveillance of both animal and human populations in the past decade (Figure 3.1)

(Vrbova et al., 2010). However, only 19% of systems identified as zoonoses surveillance

systems by Vrbova et al. (2010) actually covered both animals and humans and as a

proportion of all of the studies included in this analysis, the proportion that include

both animal and human surveillance has declined over time since 2000.

In the review of the grey literature a total of 61 named surveillance systems (accessible

in English) were summarised. 45 of these were classified as ongoing and 40 of these
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containing both animal and human data show an a steady
rate, a jump in 2000, followed by a leveling off.

Data extraction from the 212 articles resulted in 221
different systems, with some articles describing more than
one system. Data extraction was made difficult because of
unclear terminology in the studies. The structure and
components of the systems, in general, were poorly
described. For example, we could not distinguish moni-
toring systems from surveillance systems, as both were
often called surveillance systems. All articles contained
information on whether the system collected data on one
versus multiple diseases (100%), what country or conti-
nent the system was in (both 99%), if the system was
evaluated (93%), whether the system collected known
and/or unknown pathogen data (88%) type of data
collected (human, animal and others) (88%), specific
syndromes or diseases under surveillance (80%), organi-
zations involved (79%), purpose of the system (79%),
population information (72%), type of data collected
(66%), data collection and analysis methods (66%), and
the year started (60%). Very few articles contained
enough information to determine system type (28%), or
specific evaluation criteria (from 10% to 26%, depending
on the criterion).

Table 3 shows the results of the systems included by
continent. Most systems were from North America
(40%) and Europe (29%). Most (70%) were designed
to detect ‘known’ pathogens, followed by systems tar-
geting both known and unknown pathogens (22%),
and the least (8%) for only unknown pathogens. The
proportion of systems focusing on unknown pathogens

was much higher in North America (45%) than in Eur-
ope (20%). The systems primarily examined human
data (56%), followed by animal data (25%) with the
least evaluating both human and animal data (19%).
Finally, most systems looked at multiple diseases (65%)
(Table 3).

Only 17 of the 221 (8%) systems were considered eval-
uated according to our criteria with most (65%) in North
America. Eleven studies reported timeliness and one of
sensitivity, specificity, or positive predictive value and
three stated they conducted an evaluation but did not
present any results. Although these studies also looked at
the other evaluation criteria outlined by the CDC evalua-
tion framework (German et al., 2001), they were not used
consistently. There was not enough information in the
reports to determine whether these evaluations were con-
ducted on an ad hoc basis or as an ongoing part of the
systems. Four addressed the general usefulness of their
system for detection of disease as part of their evaluation
(Parsons et al., 1996; Carrat et al., 1998; Toubiana and
Flahault, 1998; Myers et al., 2000; Valleron and Vidal,
2002; Aguilera et al., 2003; McKenna et al., 2003; Miller
et al., 2004; Letrilliart et al., 2005; Cooper et al., 2006).
All looked at human disease data only. Three of the four
targeted both known and unknown pathogens, while one
looked exclusively at known pathogens. As none of the
four systems had detected an emerging disease, retro-
spective data or modelled data were used to assess the
detection capability of the system. Three of the four
evaluations concluded that the system was useful for out-
break detection (Parsons et al., 1996; Carrat et al., 1998;

Fig. 1. Peer-reviewed articles describing emerging zoonoses surveillance systems by year of publication between 1992 and 2006, by type of data

in the system (n = 201*). *The total number of articles in this time period was 212, 11 were excluded from the figure because they either

contained ‘other’ data (3), or the type of data could not be conclusively established (10). For those articles that contained descriptions of more

than one system, if one of the systems contained both animal and human data, then the whole article was categorized as having both; for articles

that contained only systems describing either human or animal data, the data type of data in the majority of systems was used to categorize the

article.

L. Vrbova et al. Review of Emerging Zoonoses Surveillance

ª 2010 The Authors

Journal compilation ª 2010 Blackwell Verlag GmbH • Transboundary and Emerging Diseases. 57 (2010) 154–161 157

Figure 3.1: Peer-reviewed articles describing emerging zoonoses surveillance systems by
year of publication between 1992 and 2006, by type of data in the system.
Reproduced from Vrbova et al., 2010

Table 3.1: Summary of the classification of surveillance systems identified in two review
exercises (Vrbova et al. 2010 & the present study), with respect to the
population under surveillance

Vrbova et al. (2010) Present study

Human and animal surveillance 19 % 43 %

Human only 56 % 30 %

Animal only 25 % 28 %

systems covered one or more zoonosis (See Appendix B). As in the previous review by

Vrbova et al. (2010), all of these ongoing systems were classified according to the types

of population that they covered (both human and animal, human only, animal only)

and the proportion of systems of each type identified in these two reviews are given in

Table 3.1.

As compared to the earlier study, a considerably larger overall proportion of the sys-

tems identified in this current study included the surveillance of both animal and human

populations, whilst a smaller proportion covered just human populations. Whilst this

finding presents a promising sign of increased interdisciplinary integration it is quite

probable that methodological differences explain the result. In contrast to the Vrbova

et al. (2010) study, literature searches conducted for this study were based on the
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term zoonoses rather than the individual pathogens, and this search strategy may have

meant that single-pathogen animal-only and human-only systems are under-represented

in these results as compared to those of Vrbova et al. (2010). Indeed, only 28% of the

systems identified in this review were also identified by Vrbova et al. (2010), indicating

substantial influence of the search methodologies used. However, the review conducted

by Vrbova et al. (2010) covers the period of 1992-2006 and since that date a number

systems that are explicitly multi-pathogen and multi-population have been established

(e.g. BioCaster, EpiSPIDER, GLEWS and HealthMap - see Appendix C). It is there-

fore possible that the increased proportion of systems seen in this review that include

surveillance of both animal and human populations, does reflect a recent change in

focus towards more integrated surveillance approaches.

A key rationale for conducting linked surveillance of animal and human populations is

that animal cases caused by zoonotic pathogens often precede human infections (e.g.

Ebola in great apes - Rouquet et al. (2005), West Nile Virus in crows - Mostashari

et al. (2003); Eidson et al. (2005); Johnson et al. (2006)) and thus early detection

of cases in the animal population could enable the prevention of human cases. The

findings presented here indicate that the proportion of surveillance systems that include

analysis of data from both human and animal populations may have risen over the last 5

years specifically. However, it is still the case that the majority of surveillance systems

focus on either animals only or humans only. This finding therefore indicates that

current surveillance practices are not still consistent with the ambition to undertake

linked surveillance of animal and human populations and that current practices are

unlikely to be sufficient to achieve the ambition of detecting zoonotic outbreaks in

animals before they become a problem in human populations (IOM and NRC, 2009).

Additional linkages between the animal and human surveillance communities must be

forged to achieve this.

3.3 Geographic location of surveillance activities

Many of the surveillance systems identified in the review of the grey literature par-

ticularly have been established in the last decade, and 10 of the 13 named systems
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summarised in Appendix C are designed to have global coverage, a clear demonstra-

tion of a recognition of the increasing connectivity of different populations around the

planet. However, the review conducted by Vrbova et al. (2010) indicated that amongst

all identified systems, 40% were ‘from’ North America and 29% from Europe (Vrbova

et al., 2010). Allowing for a publication language bias, these high proportions indicate

a bias in the geographical bases of these surveillance systems towards the more devel-

oped countries of the northern hemisphere. This finding is corroborated by the data on

the geographical basis and coverage of the zoonoses surveillance systems summarised

in Appendix C. There remains a Northern hemisphere geographic bias in terms of the

base of operations for many of these systems.

This is partly a consequence of the increased use of internet-based surveillance sys-

tems. Despite being apparently global in design, the actual coverage achieved by many

recently developed web-based surveillance systems is essentially dependent upon the

communications infrastructure that exists in countries/regions from which data might

be generated. As a consequence, these ‘global’ systems still under-represent much of

the developing world, across which communications infrastructure is still greatly lim-

ited (Figure 3.2). A recent analysis of data obtained through the HealthMap system for

example found clear bias towards increased reporting from countries with more media

outlets, more developed public health resources and greater electronic communications

infrastructure (Brownstein et al., 2008). These internet based systems are therefore not

helping to address the geographical gaps in coverage of existing surveillance systems.

The less-developed regions of the world that include the more likely foci of disease

emergence/spread still have the least developed surveillance coverage. The fact that

most of the reports considered by systems such as HealthMap and other similar systems

are in English (Brownstein et al., 2008), also contributes to this geographical bias and

the poor coverage of non-English-speaking countries.

In addition to perpetuating gaps in where the data are obtained from, this geographical

bias in data collection and reporting coverage has knock-on implications for where

interventions informed by data are made. For endemic zoonoses especially, there are

strong arguments that the relative neglect of these pathogens at the international policy

level is caused in part by the lack of data on the burden that they impose, contributing
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to a damaging and self-reinforcing cycle of neglect (Maudlin et al., 2009). The under-

reporting of zoonotic pathogens is discussed in more detail in Chapter 5 but it is

important to recognise here that a lack of coverage in terms of data collection also

has impacts for future priority setting and is likely to reinforce the under-coverage of

particular areas in terms of both data availability and control or intervention impacts.

This review has identified a number of recent linked initiatives that are focusing partic-

ularly upon the interface between humans and wildlife, and designing systems to detect

pathogen emergence at these interfaces in order to prevent predicted future pandemics.

PREDICT, a five-year project funded by up to $75 million from USAID (USAID,

2009), is designed to develop global capacity to anticipate and prevent the emerging

infections of the future and builds upon previously developed models of disease emer-

gence hotspots (Jones et al., 2008). Similarly, Global Viral Forecasting Inc (GVFI) uses

high-technology laboratory pathogen detection and discovery approaches to detect and

monitor new emergent pathogens either before, or as they are transmitted from animals

into humans and before they develop the capacity to transmit readily between humans

(Nayar, 2009). The challenge for these programmes is to identify ‘hotspots’ at which

the likelihood of pathogen emergence is particularly high. PREDICT is building upon

previously developed spatial models of disease emergence risk to improve the quality of

data concerning both the locations and species that should be targeted for sampling.

In addition to integrating improved datasets concerning livestock density and land use

patterns that have higher resolution than used previously, the programme is also de-

signed to integrate data on mammal diversity, the phylogenetic distance of species from

humans, the number of shared viruses between humans and each species and the pre-

vious sampling effort focused on these species (Daszak et al., 2010). However, even as

the techniques for disease emergence hotspot detection/definition are refined, questions

continue to be raised regarding the fundamental premise and assumptions of this kind

of exercise. The predictors of disease emergence identified to date (e.g. Jones et al.

(2008); Woolhouse and Gowtage-Sequeria (2005)) are such that there is essentially no

location on the planet that does not fall into one or more risk categories. It is also

the case that the accuracy and quality of the data that these models are based upon

is questionable for areas of the developing work particularly and that the precision of
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models designed to pinpoint particular regions will always be limited by these consider-

ations. In addition, both the GVFI and PREDICT initiatives are focused on sampling

wildlife populations and face potential problems of trying to determine which of the

inevitably very large number of new viruses that will be identified from a given site,

can/should be considered as pathogens/potential pathogens at all, and which subset of

these might be the next emergent threat.

The defining feature of emerging infectious diseases is their unpredictability and it

is recognised that emergence events can and do occur essentially anywhere. Rather

than attempting therefore to predict the unpredictable and to focus efforts upon small

regions it can be argued that the only way to prepare for the next emergence event is

to think instead about surveillance that is truly global and to address capacity gaps

on this scale so that emergence events can be detected and responded to wherever and

whenever they occur.

As discussed above, the term disease hotspot is typically used in the context of disease

emergence. However, a recent review of global livestock disease dynamics draws atten-

tion to the existence of different kinds of disease hotspot (Perry et al., 2011). Regions

of the of the developing world that are undergoing significant and rapid intensification

of livestock production are commonly discussed with relevance to disease emergence

hotspots. In more traditional livestock-dependent smallholder settings though, low

livestock densities, remoteness and slow change in husbandry practices reduce the like-

lihood that these settings will be important disease emergence hotspots and such regions

are consequently described as ‘cold spots’ for disease dynamics and emergence (Perry

et al., 2011). Perry et al. (2011) point out however, that these low-intensity, smallholder

settings, which are the home of many of the ‘bottom billion’ of the global population,

are hotspots for endemic diseases, disease epidemics and neglected tropical diseases.

These are also the settings in which people are most dependent upon their livestock

and consequently the most vulnerable to the various impacts of zoonotic diseases (Perry

et al., 2011).

The identification of a causative agent is crucial in any outbreak investigation but there

are currently clear geographic biases in the location and focus of diagnostic laboratories
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that can provide capacity in the surveillance of zoonoses (IOM and NRC, 2009). To de-

tect and characterise novel outbreaks in particular, there is a need for laboratories that

have a wide range of diagnostic skills and expertise, but, existing laboratory networks

have traditionally been developed along agent-specific lines. However, a few of the

laboratory-based surveillance systems included in this review (e.g. GFN & GPEI) do

cover more than one pathogen, indicating a current trend away from this agent-based

approach.

Progress towards greater integration between animal and human diagnostic laboratory

capacity has been hindered by the apparently unfounded but widespread belief in the

existence of regulations or recommendations that require the separation of animal and

human laboratories. Both the risk of transmission of zoonotic pathogens to laboratory

personnel and the potential for the generation of animal-human pathogens are cited as

hazards in laboratories handling zoonoses. These hazards should of course be recognised

but it is not the case that this recognition should logically translate into a recommen-

dation to maintain a separation between human and animal diagnostic laboratories.

First, it is of course true that extreme care should be taken to prevent exposures within

laboratories. However, it is odd that this has become such a concern for laboratories

handling zoonotic pathogens specifically when laboratories handling human pathogens

exclusively face this potential every day and when there are well developed protocols

to mitigate the risks of laboratory acquired infections. In a laboratory that routinely

handles and diagnoses human pathogens there is nothing about zoonotic pathogens

that inherently enhances their biosecurity requirements. Secondly, with respect to the

risk of generation within the lab environment of recombinant pathogens, poor biosecu-

rity and the cross-contamination of samples are fundamental problems in any lab, even

those handling just one sample type and pathogen. Rather than ruling out the testing

of animal samples in human labs or vice versa, risk assessments should be made on a

pathogen by pathogen basis to ensure that adequate biosecurity and safety measures

are in place to allow safe handling of a sample, irrespective of its ultimate origin.

Finally, it is also clear that the development of laboratory capacity to diagnose zoonoses

is hampered by a current lack of clarity at the national and international levels as to

which labs are mandated to handle zoonotic pathogen surveillance. Although calls
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for greater integration and capacity building have been made, there is currently no

clear model for a workable global laboratory infrastructure for integrated diagnosis and

reporting (IOM and NRC, 2009). The development of such a model and subsequent

investment in a network of laboratories with enhanced diagnostic capacity for zoonoses

would have clear benefits for the global surveillance of zoonoses. At the same time

as building this technical capacity though, investors need to also recognise that the

utility of a laboratory network is limited if the collection of field samples remains

inadequate and that investment in technical capacity must be linked with investment

in field surveillance capacity.

In addition to surveillance and control systems that are designed to detect potential

future threats posed by zoonoses, there is also a need to focus surveillance activities at

existing hotspots or more likely zones of endemic disease where zoonoses have consid-

erable negative impacts upon the health and livelihoods of human populations today

(Perry et al., 2011). The identification of these areas of in which zoonoses have current

and tangible impacts should in theory be a much simpler task that the identification

of likely hotspots for future disease emergence. However, this task is greatly hindered

at present as a consequence of the geographic bias in surveillance activities that is

described above (Perry et al., 2011). Without baseline data on what pathogens are

present where and what impacts they have upon the health and wellbeing of human

and animal populations in different areas, the identification of areas for priority invest-

ment is vulnerable to bias and such data are not currently available. Clearly therefore,

there is a need for research effort that is focused at rectifying these deficits in surveil-

lance and control programme coverage on the global scale. Factors associated with the

under-reporting of zoonoses in developing countries particularly are explored in greater

detail in Chapter 5 and the potential for innovative surveillance approaches such as par-

ticipatory epidemiology to address these current deficits and to exploit existing local

knowledge on disease burdens is discussed further in Chapter 6. In addition to pri-

oritising future research action at those geographic areas that are currently least well

served by existing surveillance systems there is also an argument for targeting effort

and investment upon those areas of the world in which the pathogens that have the

greatest current impacts upon human and animal communities are pathogens for which

tried and tested methods of control already exist (Molyneux, 2008). This rationale
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for prioritisation, which includes consideration of the impact and cost-effectiveness of

surveillance and control options for different pathogens has been described as the ‘low

hanging fruit’ approach (Molyneux, 2008) because of its focus upon the ‘reachable’

surveillance and control goals. The efficacy of this kind of approach to the identifica-

tion of priority areas of investment has been demonstrated for a number of important

zoonoses (Molyneux, 2008).

Both this study and others have revealed the degree to which many surveillance sys-

tems increasingly involve the adoption of new technologies and approaches. These

systems which are sometimes novel both in the techniques used and in the data-sources

utilised include some of the web-based systems such as ProMED, GPHIN, HealthMap,

BioCaster, EpiSpider and MEdiSys and some of the systems set up recently through

collaboration of international networks such as GLEWS and PREDICT. Many of the

surveillance systems summarised in Appendix C rely on sophisticated computer soft-

ware to search a variety of web-based sources and extract relevant information. These

systems provide very powerful tools that enable the rapid sharing, manipulation and

representation of data. However, it must be recognised that such tools can only be as

useful as they are designed to be if the raw data are of good quality and it can be argued

that the focus on data manipulation systems can mean that the collection of good qual-

ity data is overlooked. This focus upon high-tech surveillance systems does therefore

have the potential to further compound the degree to which developing country nations

are left behind in terms of surveillance capacity and control investment.

The effort to make better use of existing data is clearly sensible though and the value of

these innovative technological approaches are discussed further in Chapter 6, alongside

other lower-technology but equally innovative approaches such as syndromic surveil-

lance, the use of animal sentinels, participatory methods and risk-based techniques.

Surveillance systems must by definition be planned as relatively long-term ongoing ac-

tivities and although the academic community may be involved in the design of such

systems, it is more commonly the case that governments and non-governmental or-

ganisations (NGOs) are responsible for their oversight, practical implementation and

sustainability. In the veterinary sector particularly though it is rarely the case that

the public sector is able to maintain the cost of an extensive network of ground-level
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surveillance officers or disease reporters and in many cases there are strong pressures

for rationalisation, devolution, decentralisation and privitisation of animal-health ser-

vices particularly (FAO, 2002). For these reasons, arguments have been made for a

division of activities between the public and private sectors, with the public sector

focusing on i) the prevention, control or eradication of major epidemic diseases and

ii) zoonotic diseases and veterinary public health, whilst the private sector focuses on

more endemic diseases (FAO, 2002). Even within this kind of framework though, there

is a need for close integration between sectors. The distinction between these activi-

ties is rarely clear-cut and the activities mandated to public sector organisations also

effectively depend upon grass-roots data on disease incidence (of both endemic and

epidemic diseases) that is most commonly observed by private sector health care prac-

titioners. In Kenya for example, private sector providers undertake the majority of

clinical work in the animal sector but are responsible for only 3.5% of surveillance re-

ports received by the public sector (Daborn unpublished data). One key risk associated

with dependence upon the private sector for the collection of grass-roots level stems

from the fact that the distribution of private sector health-care providers is motivated

by economic considerations rather than a principal focus upon the public good. As a

consequence particular communities and regions may be under-innervated by private

sector health care practitioners and therefore by the surveillance system as a whole. In

developing countries, the access that rural populations have to services including hu-

man and animal population healthcare tends to be proportional to their proximity to

major cities (FAO, 2002), leaving the most rural populations isolated from service pro-

vision. In combination, these factors lead to the under-coverage in surveillance terms of

rural communities in developing country settings where livestock keeping is widespread

and zoonotic risks are high but private practitioners are not attracted to establish or

maintain services for animal or human health care provision.

3.4 Surveillance system evaluation & assessments of impacts

This review of current surveillance activities also reveals the very limited extent to which

evaluations of systems are conducted, greatly complicating efforts to determine what

impacts surveillance approaches have. This issue is discussed here and also expanded
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upon in Chapter 4 with particular reference to economic evaluations of systems. Several

previous studies have identified shortcomings in the evaluation of existing surveillance

systems (Bravata et al., 2004; Watkins et al., 2006; Meynard et al., 2008; Vrbova et al.,

2010). Bravata et al. (2004) found very little evidence of evaluation of the surveillance

systems discussed in their study and only 3 of the 115 identified systems had been

evaluated in terms of both sensitivity and specificity. With respect to zoonoses specif-

ically, Vrbova et al. (2010) found that only 17/221 surveillance systems for zoonoses

had been evaluated to any degree (Vrbova et al., 2010). A particular deficit is the very

limited data that are currently available on the costs of surveillance systems. As dis-

cussed further below (Chapter 4), this greatly limits the capacity to formally assess the

cost-effectiveness and overall utility of different surveillance approaches. Less formally

though, it has been widely stated that recent investments in surveillance and response

activities, often prompted by pathogen-specific concerns, have resulted in less tangible,

overall improvements to core surveillance capacities of relevance to a wide range of

pathogens. Whilst up front investments in surveillance and response capacities such

as vaccine stockpiles etc may be lost in the event that a threat does not materialise,

the preparations made can have ‘collateral benefits’ in terms of developing organisa-

tional and institutional capacities to respond to disease threats more generally (Wilson

et al., 2010). For example, a number of interdisciplinary groups and international

networks, established to react to the threat posed by a single pathogen have subse-

quently been adapted and utilised for additional surveillance and response activities

not within their original remit. On the human health side, the network of laborato-

ries established through the Global Polio Eradication Initiative (GPEI) have expanded

their scope to cover a range of other pathogens including the haemorrhagic fevers,

Japanese encephalitis and SARS and this network has also contributed resources to

national responses to H5N1 influenza (Hitchcock et al., 2007). Similarly, in the animal

health sector, the Pan-African Programme for the Control of Epizootics (PACE), which

aims at strengthening and establishing sustainable animal-disease surveillance across

sub-Saharan Africa was established to build upon the achievements of the preceding

single pathogen programme, the Pan African Rinderpest Campaign (PARC). Consider-

ing a zoonosis specifically, one of the greatest impacts of the global campaigns against

H5N1 and then pH1N1 influenza has been the establishment of high-level international
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groupings such as the United Nations System Influenza Coordination (UNSIC) which

has fostered communication between organisations such as the FAO, World Bank, OIE,

WHO and UNICEF. Considerable efforts are now being made to maintain and extend

these collaborations beyond influenza A to create a framework for reducing all disease

risks at the animal-human-ecosystem interface and adopt a ‘One World, One Health’

approach (FAO et al., 2008; The World Bank, 2010). These decisions to build on ex-

isting capacities are themselves a demonstration of the value of previous investment in

human resources and the creation and maintenance of working relationships between

individuals and institutions.

A recent study by Chan et al. (2010) has attempted to quantify the impact of this

apparent overall improvement in global surveillance capacities for detecting disease

outbreaks. Using a database of all disease outbreaks reported to WHO in the period

1996 to 2009, the authors compiled data on the relative timing of the start of each out-

break, its initial detection and the communication of this finding to the public. Their

analysis revealed overall improvements in the timeliness of both outbreak detection and

reporting during this period and suggest that possible explanations for this improve-

ment at the global scale include the formalisation of international collaborations and

communications, the impact of updated regulations governing the reporting of public

health emergencies of international concern and technological improvements that facil-

itate both detection and reporting (Chan et al., 2010). However, this study also found

that the degree of these improvements varied considerably by region. In total 53% of

all outbreaks included in the analysis were reported from Africa and the lags between

the start of an outbreak and its detection then public communication were longest

in this region (Chan et al., 2010). This finding clearly reveals the fact that ‘global’

disease surveillance remains fundamentally limited by the fundamental deficiencies in

infrastructure in less-developed regions.

3.5 Discussion

The reviews presented in this section and surveillance system summaries provided in

Appendix C indicate that there has been a clear focus in recent years upon building
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national and international mechanisms for coordination and exchange of surveillance

data as well as significant investment in laboratory infrastructure. These linkages and

surveillance system components are clearly essential and there is evidence that the in-

vestment to date has resulted in improvements in surveillance capacity at the global

level (Chan et al., 2010). However, the essential foundation of the integrated approach

required to tackle zoonoses research, surveillance, assessment and control is the collec-

tion of accurate and comprehensive field data (Chomel, 2003; King et al., 2004) and

this on-the-ground data collection step has arguably been neglected in recent years.

Any surveillance system will only be as strong as its weakest link and it is clear that

despite considerable investment, problems remain with the detection and reporting of

disease outbreaks in countries/regions with less well developed infrastructure (Brown-

stein et al., 2008, 2009; Chan et al., 2010; The World Bank, 2010). The development

of tools for understanding and tackling the reasons for this deficit should be a priority

for future investment.

3.6 Conclusions

The review has identified a number of gaps in current understanding and obstacles to

the creation of effective surveillance systems for zoonoses. These gaps and obstacles

are summarised below and suggestions as to future research priorities and ways forward

are made in each case.

Limited coverage of developing world countries by current surveillance activities

Addressing this problem is an enormous task that will require the investment of

significant resources provided by the international community for administration

at the national level in those regions identified. Efforts to tackle existing imbal-

ances must prioritise the collection of accurate field data at the ground level to

achieve the broad geographical coverage necessary. In the subsequent sections

of this report we discuss options for tackling some of the underlying reasons for

current asymmetries in disease reporting practices (See Chapter 5) and the use of

novel surveillance techniques that enable the collection and optimal use of those

data sources that do already exist (See Chapter 6);
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Limited integration of surveillance data from both animal and human populations

The data presented indicate that the majority of surveillance systems are still en-

tirely focused upon either the animal or human sectors in isolation. Further inte-

gration at all levels should continue to be encouraged and funders should provide

preferential investment for schemes that are explicitly designed to integrate data

form both sources. Similarly, surveillance systems that are designed to address

more than one zoonotic pathogen and for which control and response capacity is

emphasised from the outset should be prioritised;

There is no effective model for ‘handling’ zoonoses at the national level In terms

of policy-setting, surveillance design, laboratory capacity and data management,

zoonoses tend to fall in the gap between the animal and human health sectors,

leading to an under-investment in their surveillance at all levels. To tackle this it

is important for the international community to take the lead in devising expert-

informed best-practice guidelines for the organisation and structure of an effective

national level zoonosis surveillance policy. The development of these guidelines

would be best conducted by an international and intersectoral body such as the

recently established FAO-OIE-WHO collaboration;

There is a clear absence of evaluation of surveillance systems Many surveillance

systems are apparently never evaluated, leading to an absence of data upon which

to make surveillance policy choices. The development, agreement and application

at the international scale of a set of standards by which all surveillance systems

are measured would enable much better comparison of surveillance options. This

may involve adaptation of existing performance indicators such as are currently

included in the WHO IHR and OIE PVS for the human and animal sectors re-

spectively, but will also require additional measures that are specifically targeted

at assessing the integration between these disciplines that is essential for effective

zoonosis surveillance;

Surveillance is not currently considered as an academic pursuit This point is

illustrated by the absence of data for this review in the published academic liter-

ature. The design of surveillance systems particularly should be better informed

by academic research into i) understanding of the sampling effort required to

achieve stated surveillance aims and the feasibility of collecting sufficient data to
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detect changes in infection patterns with confidence and ii) the critical evaluation

of surveillance systems (discussed further in the following section).



Chapter 4

Evaluating surveillance systems

4.1 Summary

An understanding of the costs and benefits of surveillance systems and mechanisms

for evaluating these attributes are essential to inform the design of surveillance sys-

tems and the provision of investment that is targeted to achieve the most cost-effective

surveillance and control. Comprehensive evaluation of the many systems that exist

for the surveillance of zoonoses is beyond the scope of this review. Here, we provide

an overview of the existing guidelines and techniques available for the evaluation of

surveillance systems and a summary of the degree to which evaluations are currently

conducted. We identify considerable shortcomings in current surveillance system eval-

uation practices. There is no consensus as to the best way to evaluate surveillance

system, few evaluation procedures are flexible enough to be applied across different

types of systems and very few surveillance systems are evaluated. In particular, the

economic evaluation of surveillance systems for zoonosis is currently extremely limited.

To tackle these problems, we argue that broad-scale measures of the cost and perfor-

mance of surveillance systems should be incorporated within existing schemes for the

assessment of human and animal health services at the national level (e.g. WHO NHA

and IHR and OIE PVS) to enable comparison across countries and the identification

of capacity and funding gaps. Comprehensive economic analyses of surveillance sys-

tems are currently not feasible and smaller scale studies should be conducted in the

28
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first instance to devise and test appropriate methodologies for the assessment of the

separate costs and benefits of zoonoses surveillance systems (WHO, 2005). Finally,

it is important to recognise that even in those cases in which evaluations have been

conducted and in which clear data on the value and efficacy of surveillance and con-

trol programmes have been provided, these data are not always sufficient in themselves

to initiate a policy change. Considerable research is therefore required to appreciate

and understand the different viewpoints, priorities and decision-making processes of

stakeholders to achieve better communication and implementation of data regarding

the effective surveillance and control of zoonotic diseases where available.

4.2 Guidelines for surveillance system evaluation

The evaluation of surveillance system performance provides an essential opportunity to

consider the purpose, design, management and operation of a surveillance system and its

success in meeting its stated aims (HSCC, 2004). Such evaluation can help to identify

the successes and deficiencies of a given system, provide feedback for the continuing

operation of a system and is of increasing importance as investment in surveillance

systems increases (HSCC, 2004; Meynard et al., 2008). Numerous schemes for the

evaluation of surveillance systems have been published (CDC, 1988, 2001, 2004; HSCC,

2004; WHO, 2005; Watkins et al., 2006; Meynard et al., 2008), including international

standards provided by the WHO and OIE respectively for the evaluation of human

and animal health surveillance systems specifically (e.g. WHO International Health

Regulations (IHR) and the OIE performance of Veterinary Services Tool (PVS)).

Despite consensus amongst many of these published schemes on the broad themes

that warrant assessment, there is currently no consistent approach to the evaluation

of surveillance systems and perhaps understandably, when evaluations are conducted,

the criteria used are often dependent upon the system attributes, data availability and

the specific objectives of each evaluation (Centers for Epidemiology and Animal Health

, CEAH; Watkins et al., 2006; Jajosky and Groseclose, 2004; Meynard et al., 2008;

Vrbova et al., 2010). The inclusion within surveillance systems of both monitoring and
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response activities means that the timeliness of data availability and the rapid initi-

ation of responses is a key attribute of any surveillance system. However, even the

evaluation of this attribute is not widespread. Jajosky and Groseclose (2004) evaluated

the timeliness of infectious disease surveillance systems in the US. They found very

few published evaluations and those that existed used non-comparable methodologies.

Their analysis also indicated that some long delays in reporting and variability across

states limited the usefulness of the data collected and that these deficiencies can com-

plicate the detection of aberrations in the data that might represent outbreak events

(Jajosky and Groseclose, 2004). Additional recent surveys considering other evaluation

criteria also reveal that the majority of surveillance systems for zoonoses and emerg-

ing infectious diseases more generally are apparently not evaluated, or at least that

such evaluations are not published (Bravata et al., 2004; Vrbova et al., 2010). In fact,

none of the zoonoses or animal disease specific surveillance systems identified through

the review conducted by Bravata et al. (2004) had been described in a peer-reviewed

evaluation.

Criticisms of existing evaluation approaches include a lack of adaptability to different

contexts (Meynard et al., 2008), and the inability of systems that focus on one, or only a

small number of attributes to address the interrelationships between different attributes

and to identify gaps in coverage and performance (Drewe et al., pers comm.). Work to

design a generic evaluation framework for surveillance systems is currently underway

(Julian Drewe, pers comm re RVC & DEFRA collaboration). Given that the evaluation

of any surveillance system must be dependent upon its purpose, which can be extremely

variable and context specific, it can be argued that no single evaluation approach will

be usefully applied to all surveillance systems (Watkins et al., 2006). The schemes

that are currently being developed will have to be sufficiently flexible to accommodate

this requirement whilst providing a core set of values or practices that enables the

comparison of different approaches. In addition, there is a question as to whether or not

surveillance systems designed specifically for zoonoses require a different or additional

set of criteria for design and evaluation when compared with systems intended to keep

endemic and non-infectious diseases under surveillance (Vrbova et al., 2010). One key

added requirement must be the measurement of inter-sectoral interaction. Evaluation

of systems designed for the surveillance of zoonoses will need, amongst other things, to
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evaluate the human and animal components of the system as well as the ways in which

they are linked.

Approaches such as that recently proposed by Baker et al. (2010) may help to address

these concerns about the applicability of previously described evaluation systems for

zoonoses surveillance systems specifically. Baker et al. (2010) describe a framework

and method used to review the infectious disease surveillance sector in New Zealand

specifically and at the country level more generally. The proposed framework covers

all steps in the review process from the planning of the review and its aims/scope,

to the description/evaluation of systems identified, gap identification and finally to

the communication and implementation of findings. There are no inherent limits to

the application of this approach to other country, region or sector settings and the

framework outlined could be used to conduct for example a review of zoonotic pathogen

surveillance systems across multiple countries and regions (Baker pers comm.). The

framework may however require some modification/optimisation for application to other

country/sector settings (Baker et al., 2010) and this research should be prioritised to

determine how valuable this approach is across different settings. The aim of this

technique is to provide an overview rather than a detailed critique of each system but

if applied at larger geographic scales the number of systems identified may become

unmanageable. There are also several complex definitions to be made and applied and

further work is required to determine if these can these be standardised to maintain

relevance across settings (Baker et al., 2010). The key advantage of this review approach

though is that it deliberately ‘looks at the forest instead of the trees’ (Baker et al., 2010),

providing an overview of the interaction between systems, the gaps or redundancies that

exist and the potential for additional integration and systems (Baker et al., 2010). Such

an overview would be of great value in rationalising and consolidating the great diversity

of systems that currently exist in order to effectively integrate and coordinate these at

the global scale.

Ongoing evaluation is key to the assessment of which surveillance systems function

best in which settings and the appropriateness of different systems in different con-

texts. However, the available evidence indicates considerable shortcomings in current

evaluation practices. Evaluation does cost time and money, imposing its own burden
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upon the surveillance system (Meynard et al., 2008), and as a consequence it too needs

to be thought through carefully. The economic evaluation of surveillance systems is

very rarely mentioned in the evaluation schemes described above and this subject is

considered specifically in the following section.

4.3 Economic evaluation of zoonoses surveillance systems

A key part of any evaluation of which surveillance techniques should be employed in a

particular context must inevitably involve consideration of the cost of the surveillance

system and the effectiveness of that system. Cost-effectiveness analysis (CEA), and

economic evaluations more generally, are used extensively in medicine and public health

research and policy to assess value for money by relating the costs and consequences of

two or more health technologies (Soares and Dumville, 2008a). This approach can also

be used to compare two or more surveillance approaches with the aim to promote an

understanding of the return on money spent and to inform choices between different

policy/funding options (Soares and Dumville, 2008b). Such economic approaches to

decision-making in this context are arguably particularly relevant in light of the recent

policy impetus and updates to both the IHR and OIE PVS which require or encourage

countries to make additional efforts to enhance their surveillance and response capacities

for infectious diseases. Making these changes will require external funding in many cases

and economic evaluations can provide assessment of these efforts and help to justify

investment in particularly cost-effective approaches (WHO, 2005).

4.4 Review of cost-effectiveness studies in the published liter-

ature for six named zoonotic pathogens

In this analysis, the peer-reviewed cost-effectiveness literature relating to six emerging

and endemic zoonoses was classified and summarised. All searches of the peer-reviewed

literature were conducted using MEDLINE with searches based on combinations of
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terms for the selected zoonotic diseases - brucellosis, rabies, echinococcosis, cysticerco-

sis, influenza A and RVF - cost-effectiveness and surveillance search terms. For each

pathogen, the results of two searches are presented:

• Search 1: Cost-benefit analysis AND named zoonosis

• Search 2: Cost-benefit analysis AND Population surveillance AND named zoono-

sis.

All of the references obtained through the respective Search 1 for each zoonosis were

classified according to the criteria given in Table 4.1. All classifications were based on

reading of the abstract rather than the full paper and inclusive definitions of both costs

and benefits were used to allow consideration of non-monetary measures.

Table 4.1: Summary of the criteria used for the classification of references identified
through the initial searches of the cost-effectiveness literature for each of six
named zoonoses

Criterion

Does the paper present a description of one or more surveillance and/or response systems
for the pathogen in question?

Does the paper present a description of the costs of the surveillance system (in this case
not including response costs)? (e.g. staff time, transport, diagnostic testing)

Does the paper present a description of the costs of the response to the zoonoses? (e.g.
control strategies including vaccination and treatment costs)

Does the paper present a description of the outcomes / consequences / benefits of the
surveillance and response system?

The numbers of references identified through the literature searches for each pathogen

are given in Table 4.2. The immediate result of this analysis indicated that there are

very few published studies that assess the cost-effectiveness of surveillance, in fact only

13 of relevance to these selected zoonoses on the basis of these searches (Table 4.2).

A total of 439 references published between 1976 and 2010 were identified through the

Search 1 for these six zoonoses (after removal of duplicates) and the vast majority of

these related specifically to influenza A. Three hundred and forty seven references had
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Table 4.2: Summary of literature searches conducted using MEDLINE to describe
the existing literature on the cost-effectiveness of surveillance for selected
zoonoses

Pathogen/Disease Search 1 - n References Search 2 - n References

Brucellosis 7 0
Cysticersosis 9 0
Echinococcus 15 1
Influenza A 376 10
Rabies 39 2
Rift Valley Fever 0 0

complete English language abstracts available and these were summarised according

to the criteria in listed in Table 4.1. In keeping with the results of Search 2 (Table

4.2), only 17 of these references included any description of the costs of surveillance for

these six zoonoses. In 16 of these cases, the references discussed the costs of different

diagnostic test approaches and the remaining paper presented discussion of the costs

of an electronic data storage and manipulation system. In contrast, 199 of the 347

abstracts reviewed (57%) included description of the costs of responding to the presence

of these zoonoses, including evaluation of the costs of alternative control, vaccination

and treatment options.

This review reveals the fundamental lack of existing data and published research into

the costs of surveillance for zoonoses. The majority of the studies identified present data

either on the economic burden imposed by the zoonotic pathogen in question, or on the

costs of response to the presence of the pathogen. Whilst data on the costs of response

are clearly valuable and should be considered alongside the costs of the surveillance

system itself (WHO, 2005), there is a clear need for studies that quantify and compare

surveillance costs specifically. Given the massive global investment in surveillance of

H5N1 and pH1N1 influenza A over recent years, the small number of articles identified

that address the cost-effectiveness of surveillance even for this pathogen is concerning.

One paper published this year does provide an example of the kind of research in this

field that could help to guide future surveillance investments. Knight-Jones et al. (2010)

conducted an evaluation of the direct costs and effectiveness (in terms of probability of

detecting H5N1 presence) of a range of different methods for the surveillance of H5N1

in the wild bird population on Lake Constance. They identified marked variation in the
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cost-effectiveness of different methodologies and their modelling approach also enabled

explicit exploration of the influence of a range of important factors upon the efficacy and

costs of different methods. Whilst this study represents an example of the kind of work

that needs to be done to enable proper CEA-based evaluation of different surveillance

approaches, the authors themselves clearly state the difficulties of extrapolating findings

from this study to other contexts (Knight-Jones et al., 2010). They argue that a more

complete understanding of the relationships between costs and sample size and between

sample size and sensitivity would be required to allow prediction of cost-effectiveness

of different strategies at different sites (Knight-Jones et al., 2010), further illustrating

the limitations of current knowledge in this field.

There are currently only a very small number of studies that have attempted to evaluate

either the costs or benefits of any surveillance systems (not including response compo-

nents) and for this reason, the feasibility of undertaking comprehensive economic eval-

uations of surveillance systems for zoonoses is unfortunately limited at present (WHO,

2005).

4.5 Framework for the economic evaluation of surveillance sys-

tems

The findings presented above reveal a marked deficiency in the types of economic

evaluation studies needed to determine the cost-effectiveness of different surveillance

approaches for zoonoses. Here, we provide a brief framework to guide the kinds of

economic evaluation studies that would assist in this evaluation.

Economic evaluations of surveillance strategies will primarily be performed as a decision

theoretic exercise to inform surveillance choices and budget allocations. The form of

analysis performed will depend on the specific form of decision to be made. For example,

if surveillance choices are to be made within a defined budget then cost effectiveness

analysis needs only to assess the relative benefits of the available surveillance choices; it

is not necessary to estimate absolute cost benefit or cost effectiveness on a general scale.

However if budget for surveillance competes with budget for other areas of expenditure
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such as defence, education or development it is necessary to estimate cost effectiveness

either in absolute monetary units or on an effectiveness scale that allows comparison

with choices available outside zoonotic disease surveillance.

Within a defined budget, cost effectiveness analysis attempts to estimate the costs

and benefits of different, competing choices. Under some assumptions this may be

simplified if either the costs or benefits are assumed to be equivalent. For example, if

two surveillance systems are considered to produce equivalent benefits, choice can be

based simply on cost, a strategy referred to as ‘cost-minimisation’. Unfortunately the

majority of competing choices will differ in both costs and benefits so both aspects will

need to be estimated to allow comparison and rational choice.

An important consequence of accepting that economic evaluation has its utility in

informing decisions, is that it requires that analysis is based on incremental changes

to costs and benefits. In this framework, the total ‘burden’ of disease is irrelevant

to the consideration of a surveillance strategy that will impact on it. The economic

evaluation of the strategy is solely concerned with the change in costs of adopting

the strategy and the incremental benefits that result (which may be a reduction in

mortality and morbidity or a increased productivity of an agricultural system). Diseases

of estimated high total burden may be poor choices for surveillance targets if there will

be little impact on their burden. Conversely diseases of low relative global impact

may be amenable to a large burden reduction at relatively low cost. This argument

has been made for example in support of greater investment in the ‘neglected tropical

diseases’ for which cheap and effective drugs and control programmes exist and for

which a given investment may yield considerably greater impact and effectiveness as

compared to less readily controlled diseases such as malaria and HIV (Molyneux, 2008).

This point reveals the need for consideration of economic evaluations within a wider

decision-making framework. There are other rationales for setting surveillance and

response priorities and these are likely to vary depending on viewpoint and context. A

recent study that explored the guiding principles for priority setting amongst health

care workers and development partners in Uganda, found that the majority of health

care workers prioritised disease severity whilst development partners preferred cost-

effectiveness (Kapiriri et al., 2004). The pattern of preference for prioritisation based
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on disease severity is observed in a range of resource-poor settings but may be at odds

with evaluations of other stakeholders based on cost-effectiveness analyses (Kapiriri

et al., 2004).

The following sections describe the types of cost based analyses available:

4.5.1 Cost minimisation

Where two or more strategies of estimated or assumed equal benefits are available

the analysis will be solely confined to estimating the cost of applying the strategy. A

rational choice will then be to adopt the cheaper strategy.

4.5.2 Cost effectiveness

If costs and benefits vary but benefits are measurable on an equivalent scale, cost

effectiveness analysis may be used to compare competing alternatives. An example

would be strategies to detect incidence of a single disease in the same population at

the same time in the infection cycle (e.g. Knight-Jones et al. (2010)). The alternative

strategies may then be compared in terms of cost per case detected. Although measures

of effectiveness such as infections detected or prevented are useful when assessing the

cost-effectiveness of two or more approaches to the surveillance of a particular disease,

they do not allow for comparison between treatments or diseases when the units in

which effectiveness is measured will be different (Soares and Dumville, 2008b).

4.5.3 Cost utility analysis

Frequently, competing strategies will produce benefits that may not be directly com-

parable. Utility and other scales may be used to translate different benefits onto a

single scale for comparison. Examples include quality adjusted life years (QALY) used

for evaluation of health technologies and disability adjusted life years (DALY) used

for estimation of the impact of disease and benefits of interventions (e.g. for Rabies,

Knobel et al. (2005); echinococcus, Budke et al. (2005); brucellosis, Roth et al. (2003)).
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Translation of the quantified impacts of a surveillance strategy to a suitable scale for

comparison can be difficult as it requires development of a scale of values of disease

consequence and such measures can be subject to bias and/or deliberate hijack based on

political agendas (Arnesen and Nord, 1999). It is also argued that the use of the DALY

as a near-universal tool for priority setting results in the systematic undervaluation of

the neglected tropical diseases (many of which are zoonoses), because of the funda-

mental lack of data upon which to base DALY estimates for these diseases (Maudlin

et al., 2009). There are currently no equivalent scales or measures of utility that can

be applied to compare impacts upon animal health and productivity, although efforts

to develop a measure of disease impact and intervention benefit upon animal-owners in

terms of animal productivity are currently underway, e.g. the Productivity Adjusted

Usable Life year (PAULY) (Lafrance et al, unpublished data).

4.5.4 Cost benefit analysis

Not withstanding the technical difficulties involved, cost benefit analysis offers the most

useful methodology to inform economic decision-making. Surveillance system benefits

are translated to a monetary scale allowing direct comparison of costs and benefits

both between competing surveillance strategies and more generally across any budget

allocation or setting choice. The challenge of cost benefit analysis is specifically the

translation to a monetary scale. This requires a monetary value to be placed on all of

the non-monetary benefits (and losses) of each competing surveillance system. Whilst

the notion of applying such a value to health outcomes may appear controversial and

even objectionable it is important to appreciate that an implicit valuation is applied

to health outcomes every time a health intervention or human disease surveillance

choice is made. Cost benefit analysis attempts to make this process transparent and

explicit. Established techniques exist to determine monetary benefits including human

capital (economic impact of disease on human productivity), revealed preference anal-

ysis (econometric analysis of monetary choice made) and stated preference analysis (a

survey based approach using hypothetical health benefit versus monetary trade-offs)

(Drummond et al., 1997; Soares and Dumville, 2008a).
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It is critical with all forms of economic evaluation that they are considered within an

appropriate and clearly defined set of constraints. Constraints will include:

4.5.5 Viewpoint

The economic viewpoint of a decision delineates the agents that will bear the costs

and enjoy the benefits. Typical viewpoints may be a government, a community or

society as a whole. For an economic evaluation to be useful the viewpoint will need

to be consistent across all the competing alternatives. Otherwise costs and benefits

may be selectively included and excluded from the assessment of different strategies.

The consideration of a societal viewpoint is particularly relevant as many costs such as

transfer payments will be excluded. If in doubt, the broadest viewpoint should generally

be adopted (Drummond et al., 1997).

4.5.6 Time period & discounting

Costs and benefits of surveillance strategies will be measured or estimated over a defined

period. This period needs to be appropriate for the decision to be informed. The choice

of time period is a difficult issue and has to balance the needs of the decision-maker,

the time course of the interventions and the life-cycle of the benefits (see WHO (2005)

for more discussion). As costs and benefits may not necessarily occur simultaneously in

time it is important that analyses consider the time value of money and benefits. This

will normally require discounting of future costs and future benefits at an appropriate

rate. The choice of discounting rate (and mathematical form) is potentially difficult as

differences in the timing of costs and benefits between competing strategies may mean

that a change in discount rate will affect which strategies appear more cost effective.

4.6 Discussion

There is evidence that very few surveillance systems currently include ongoing evalua-

tion and that the costs and benefits of different surveillance systems are rarely quanti-

fied. There are though, several obvious reasons for this, the clearest being the difficulties
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associated with the assessments that would be required. To do a CEA for a hypothetical

surveillance system for a zoonotic pathogen you would need to measure/quantify the

costs of the surveillance system, the benefits of the surveillance and response compo-

nents of that system and be able to relate these two components to each other (WHO,

2005). At present, the feasibility of undertaking such an analysis is severely limited by

the absence of the requisite data (WHO, 2005).

To address this, it has been argued that initial studies should be conducted to estimate

the costs and benefits of surveillance systems separately (WHO, 2005) but even this

is not straightforward. In those attempts that have been made to quantify the costs

of both animal and human sector surveillance systems (Civic Consulting, 2009; Somda

et al., 2009) (and see Chapter 7) numerous challenges were encountered, including dif-

ficulties in defining and standardising the scope and responsibilities of a surveillance

system and very limited availability of budget data (particularly at sub-national lev-

els) (Civic Consulting, 2009; Somda et al., 2009). Similarly, attempts to quantify the

benefits of surveillance are hampered by difficulties in quantifying both the impacts of

disease upon animal and human populations and in developing measures of surveillance

system impacts and therefore benefits (Carabin et al., 2005; The World Bank, 2010).

Arguments have been made that existing international regulations and guidelines could

be adapted to enable collection of data on both the costs and benefits of surveillance

to enable these assessments at the national level. In the veterinary sector, it has been

recommended that further investment in the OIE PVS tool could generate quantita-

tive data on both expenditure and quality benchmarks. An aggregated PVS measure

would potentially allow comparison of national prevention systems (NPS) expenditures

with the degree to which the NPS adheres to OIE International Standards. Whilst

any such summary measure would represent a considerable simplification of a complex

situation, it could be used to provide guidance to countries for allocating their expendi-

ture on veterinary national disease prevention systems effectively and efficiently (Civic

Consulting, 2009). In the human sector, the WHO National Health Accounts (NHA)

provide a platform through which relatively detailed data on surveillance costs could be

generated and measures of adherence with the IHR 2005 could be used as an analogous

indicator of surveillance system performance. Ultimately, as methodologies for these
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assessments are developed, more detailed techniques for evaluating surveillance costs

and benefits and for integrating these across the human and animal sectors will be

required to fully assess the performance of integrated animal and human surveillance

systems at the national level. In the first instance though, we advocate the development

of the aggregated surveillance system costs and performance measures that could be

developed through modification of existing WHO and OIE systems.

Cost-based evaluations alone will not always be the most appropriate or useful methods

for assessing different surveillance options. For pathogens that have pandemic potential,

such as influenza A or SARS for example, it is argued that standard CEA techniques

are ill-equipped to estimate the cost effectiveness and cost benefit of interventions to

control these pathogens because of the great complexity of quantifying the potentially

enormous impacts of these pathogens, not only at the individual level, but upon the

wider society and economy (Beutels et al., 2008). CEA techniques are likely to be

more useful for the assessment and justification of surveillance systems for endemic

zoonoses but even in these cases, other considerations must be taken into account.

The principal value of cost based evaluations is not that they provide a definitive basis

for a decision but that through conducting the evaluation, a structured framework

for decision-making is applied that allows and encourages decision-makers to explicitly

consider all assumptions made and all relevant components of the decision in perspective

to their relative contributions and subsequent effects (Koplan, 1985).

Advocates of CEA must also recognise that there is an existing and compelling litera-

ture that indicates that investments in the surveillance and prevention of a number of

neglected endemic zoonoses would lead to overall benefits for both human and animal

populations (both in terms of direct economic costs and also on other more ‘human-

itarian’ scales) (e.g. Budke et al. (2005); Carabin et al. (2005); Knobel et al. (2005);

Zinsstag et al. (2007); Lembo et al. (2010)). However, despite the publication of these

data, the investments required to achieve these improvements have not been made.

This demonstrates that there are clearly other decision-making processes and consid-

erations involved in priority setting when in comes to the investments that could be

made in surveillance and response to zoonoses. In addition to providing demonstration

of the nature and scale of the problem, investment is clearly also required into two
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parallel areas: firstly in understanding these processes in order to determine how and

when these interventions could be made and secondly in trial initiatives to develop and

demonstrate the efficacy and value of practical measures to tackle these problems.

International interest in surveillance for zoonoses, and the ways that this can be done

has grown very rapidly, but it can be argued that academic thinking about the best ways

to evaluate these approaches has not yet caught up. At present therefore, despite signif-

icant investment in zoonoses surveillance systems, there remains a fundamental deficit

in our knowledge of appropriate surveillance system design and evaluation techniques

for emerging infectious diseases including zoonoses (Watkins et al., 2006; Vrbova et al.,

2009). As a consequence, decision-makers currently lack an evidence base on which to

choose effective surveillance systems (WHO, 2005; Vrbova et al., 2010). When consid-

ering which surveillance approaches should be applied when and where, the cost of the

system is a highly influential consideration. However, CEA type approaches are most

suited to making a decision between two or more alternative approaches to tackling a

discrete and well-defined question or to looking at incremental benefits. In addition

to considering costs and other mechanisms for assessing the value of surveillance and

response, evaluation should also include assessment of the various methods through

which surveillance data are made available and presented to a variety of stakeholders

to determine what methods best facilitate good decision-making in different scenarios

(Bravata et al., 2004).

4.7 Conclusions

There is currently no consistent approach to the evaluation of the performance of

surveillance systems and very few systems are apparently evaluated. This is partic-

ularly true with respect to economic evaluations of the relationship between the costs

and benefits of different surveillance options. As a consequence, policy-makers are cur-

rently provided with very little information with which to make informed decisions

about which surveillance options should be applied in which situations. To address this

problem and move towards more rational and evidence-based decision-making processes

in this field there is a considerable need for the coordinated collection of data on both
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the costs and performance of surveillance systems that are comparable across systems

and settings. In addition, there is a need to better understand the ways in which data

on these measures are communicated and interpreted by policy-makers and donors to

ensure better communications of findings and implementation of control systems where

feasible and appropriate.

Several gaps in current approaches to surveillance system evaluation have been identi-

fied:

• there is little consistency amongst the existing guidelines that are available for

the evaluation of surveillance systems, no consensus approach, few standardised

measures and systems are both complex and data intensive;

• partly as a consequence of this, very few surveillance systems have been evaluated;

• this lack of evaluation is particularly severe in the case of economic evaluations

of zoonoses surveillance systems;

• commonly-used tools for assessing the utility of surveillance and control, such as

the DALY, underestimate the costs of neglected tropical diseases, perpetuating a

cycle of insufficient resource investment in these diseases;

• the provision of data on the financial and humanitarian benefits of effective surveil-

lance and control of zoonoses are not in themselves always sufficient to achieve

policy changes and a more complete understanding of the interpretations of these

data by stakeholders and the decision-making processes and constraints involved

are required;

• with respect to emerging pathogens with pandemic potential, the viewpoints of

national governments and the international community and their assessments of

the relative costs and benefits associated with different surveillance approaches

to these pathogens may differ, reducing the likelihood of successful cooperation.
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The following strategies for addressing these gaps and limitations are proposed:

• country-level and global reviews of the respective zoonosis surveillance sectors

should be conducted by adapting the review method outlined by Baker et al.

(2010). The efficacy of this approach should be determined initially through pilot

assessments made for a small number of developing world countries;

• fundamental data deficiencies currently limit the feasibility of comprehensive

CEA analysis of surveillance systems and we support arguments made previously

(WHO, 2005) that initial studies should be conducted to estimate the cost and

benefits of surveillance systems separately in the first instance - the preliminary

work in this area should concentrate on evaluations at the national level;

• existing international regulations and guidelines - e.g. the WHO NHA and IHR

and OIE PVS - should be adapted to incorporate collection of data on the costs

and performance of surveillance systems at the national level - this process should

include identification of indicators of success that can be realistically measured

and that will demonstrate even small improvements in disease control that can

motivate further surveillance effort;

• priority-assessment tools should be developed that would build upon the assess-

ments of surveillance capacities and gaps advocated above. If standardised and

applied across national and international scales, the data generated will enable

appreciation of the different viewpoints and priorities of the national and inter-

national groups that must be involved in a surveillance system and help with the

identification of areas of consensus;

• the development of tools for priority setting should take place in parallel with

social science research into decision-making processes amongst different policy-

makers and stakeholders across different administrative levels and socioeconomic

settings to inform better communication and application of surveillance data.



Chapter 5

Socioeconomic influences upon

disease recording, reporting &

response in developing countries

5.1 Summary

In this section of the report we provide an analysis of the issues surrounding the record-

ing, reporting and acting upon surveillance data, with particular emphasis upon devel-

oping country settings and socioeconomic influences upon reporting practices. Gener-

ating surveillance data is vital to enable response and control activities but zoonoses are

often severely under-reported in developing countries especially. There are many fac-

tors that contribute to this under-reporting and whilst the relative importance of these

factors varies in each particular case they may often act in combination to stifle the

collection and distribution of accurate and comprehensive data (summarised in Figure

5.1). The consequences of the under-reporting of both emerging and endemic pathogens

can be severe. An inability or unwillingness to detect and report emerging pathogens

can lead to delays in the recognition of a threat, which in turn greatly reduces the

likelihood of successful containment. The under-reporting of endemic zoonoses leads

to an under-appreciation of the scale of the problem, which then leads to provision of

45
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Figure 5.1: Summary of reasons for under-reporting of diseases. Adapted from World
Bank, 2010

inadequate resources and investment, contributing to a cycle of neglect (Maudlin et al.,

2009). It is clearly important to try to understand the reasons for current recording

and reporting failures in order to try to tackle them. We identify several barriers that

operate at different levels of the reporting pyramid and propose a focus of both re-

search activities and policy adjustments upon incentivising reporting by investing in

the provision of responses to disease reports to achieve improvements in surveillance

and control overall.

5.2 On the ground disease detection & reporting

However sophisticated the data collation and transmission mechanisms, the key strength

of any surveillance system is in the quality and coverage of data collected and reported

at the lower levels of the reporting system (Shears, 2000). In the developing world in

particular, there are fundamental deficiencies at the foundation of many surveillance
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Figure 5.2: Map of global distribution of bovine brucellosis in the period July-
December 2010. Accessed from the OIE WAHID website, Feb 2011. The
cream colour indicates countries for which no information is available.

systems i.e. the detection and recording of disease cases on the ground. Several studies

have documented the scale of under-reporting for a range of zoonoses in humans. The

true number of human rabies cases in sub-Saharan Africa for example, is thought to

be at least 100 times higher than official figures reported to the WHO (Knobel et al.,

2005). In terms of the detection and reporting of zoonoses in the animal sector, a simple

look at the OIE world animal health information database (WAHID) interface reveals

the lack of reported data from the majority of countries for many zoonoses (Figure 5.2).

Two important preconditions for an effective reporting system are an awareness of the

targeted disease(s) among everyone involved and the availability of specific diagnostic

methods (Danuser and Aubert, 2007; Baker et al., 2010). The lack of either or both

can have profound influences upon detection and reporting in both animal and human

populations. Many zoonoses present in humans as non-specific febrile illnesses, which

are frequently misdiagnosed, often as malaria (Reyburn et al., 2004; Maudlin et al.,

2009). A study conducted in Tanzania revealed that the awareness amongst clinicians

about the clinical presentation, diagnosis and epidemiology of many zoonoses was low

(John et al., 2008). There are few reliable rapid diagnostic tests for zoonoses and even

when such tests do exist, they are rarely available at local medical facilities (Maudlin

et al., 2009). When considering the reporting of endemic animal diseases, the familiarity

of animal keepers with certain common illnesses and their acceptance of these as a
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‘normal’ state of affairs greatly reduces the likelihood that such cases would ever be

reported (The World Bank, 2010).

More generally, the problems associated with poor surveillance in developing countries

reflect systemic issues of healthcare services provision: overburdened staff lacking in

skills, motivation, support and financial resources (Rumisha et al., 2007; Streefland

et al., 1999). The hierarchical nature of traditional surveillance structures requires

multiple layers of communication within and between sectors (that depend on locale

specific governance structures and decentralisation practices). At every communication

step the quantity and quality of information being conveyed may deteriorate, which

reduces the likelihood of initiating an appropriate, timely and effective response. On

the ground disease detection and reporting in the developing world is hampered by a

fundamental shortage of manpower in both the human and animal health sectors, the

vast distances that are often involved, poor transportation infrastructure, insecurity,

which prevents access to some regions, and open porous borders which allow free move-

ments of people and animals. The chronic lack of response (or capacity to respond)

to reports of disease is further disempowering and de-motivating for healthcare and

veterinary workers at the grass roots level.

The factors described above relate mostly to an inability to detect disease and report

on its presence, but there are also a number of influences that reduce the willingness of

animal owners and health workers to detect and report disease on the ground. Collecting

animal samples for surveillance can be extremely arduous, hazardous and unpleasant

(e.g. post-mortem sampling), reducing the likelihood that this will happen in the

absence of appropriate incentives. Amongst animal owners and animal health workers

social barriers to reporting also operate as individuals may be unwilling to report illness

and initiate a process of investigation and response that may have severe social and

economic implications for both themselves and their neighbours (IOM and NRC, 2009;

The World Bank, 2010). The economic implications of reporting disease outbreaks are

discussed further in Chapter 5.

The broad range of factors that influence the reporting of zoonoses are themselves a

reflection of the multiple impacts of zoonoses and the degree to which livestock animals

are an integral part of many peoples lives, in the developing world especially. The human
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populations that are dependent upon livestock are often vulnerable to many different

zoonoses, which can have compound impacts upon animal health and productivity,

human health and productivity, livelihoods and social status. Because of these multiple

impacts, the implications of reporting disease can also be very complex.

Overall, in the absence of a sufficiently large population of trained observers and defi-

ciencies in systems for the feedback of information or provision of assistance in response

to a reported problem, it is not hard to see why disease detection and reporting is often

so inadequate. Options for improving these processes of detection and reporting can be

broadly categorised as ‘carrots’, measures devised to positively incentivise reporting and

‘sticks’, which are implemented to punish failure to comply with pre-existing standards.

For most if not all countries, there are regulations that describe legal requirements for

members of both the animal and human health sectors to alert the relevant authorities

as and when they become aware of a number of notifiable diseases, but under-reporting

still persists.

Across much of the developing world, at the local level particularly, the data and in-

frastructures required to enforce the use of punitive measures such as legally required

reporting are just not available (The World Bank, 2010). In order to punish non-

reporting amongst farmers or under-performing vets for example, accurate data would

be required on who owns which animals where and prior knowledge of baseline disease

presence. There also needs to be a much higher likelihood than currently exists that

disease cases would be detected without the cooperation of the local community. Given

that these requirements are not in place in many cases, attempts to impose sanctions for

non-reporting on the local scale are unlikely to succeed and will instead act to further

damage relations between animal owners and the systems that it would be desirable

for them to interact with. Instead, a more positive focus should promote the value of

reporting, celebrate small successes and reward change. In order to foster cooperation

at all levels in a reporting system, the deterrents to reporting must be at least balanced

with positive incentives (The World Bank, 2010). For individual farmers these incen-

tives may include eligibility for quality certification schemes to promote regular status

determination and reporting or compensation schemes in the event of an outbreak

in which livestock are compulsorily slaughtered. Following the international spread
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of H5N1, guidelines for compensation payments in response to compulsory slaughter

campaigns were agreed in December 2006 (The World Bank, 2010). In any particular

outbreak though, the relative value of financial compensation offered will be consid-

ered alongside the commercial value of an animal as well as a range of other potential

benefits and costs associated with reporting disease presence. Care must therefore be

taken to ensure that any financial compensation provided is tailored to local situations

and is sufficient to tip the overall balance in favour of reporting but not large enough

to encourage import of healthy animals to outbreak affected areas in order to obtain

compensation (The World Bank, 2010).

Whilst feasible in some richer countries, the use of compensation schemes may prove

challenging in more resource limited settings. In order to provide timely compensa-

tion a pre-existing record of animal ownership is required and funds must be readily

available to cover the costs of compensation. The creation of a global fund that would

finance global outbreak response efforts has been proposed to ensure that such funds

would be available, even when outbreaks occur in countries unable to directly finance

compensation schemes (The World Bank, 2010).

There is also a need to consider whether incentives should be provided to those re-

sponsible for reporting of diseases and other relevant information. If this approach is

sanctioned, a decision will also need to be taken as to what incentives can be provided

to staff responsible for the collation and analysis of these data. When the required data

resides largely in another sector e.g. disease information held by private veterinarians,

the incentives offered must be commensurate with the time and effort involved in mak-

ing that information available to the public sector reporting system. In some cases the

answer may lie simply in financial arrangement, but in other cases a trade-off of “re-

porting for information” might provide an alternative approach. The current initiative

of the Kenya Veterinary Board requiring Continuing Professional Development (CPD)

might offer a means by which CPD points could be earned in return for undertaking

a CPD reporting module with a requirement to submit a given number of reports per

month or train other staff to do so.

Previous efforts to enhance disease detection have focused largely upon technical inno-

vations (The World Bank, 2010). The development of quick and simple diagnostic tools
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is clearly of value in resolving this detection problem but particularly when there may

be a range of other factors that act as barriers to reporting, improving the ability to

detect pathogens does not on its own lead automatically to an increased likelihood of

reporting (Laxminarayan and Malani, 2009). In addition to developing and providing

tools for disease detection and reporting, there is also a clear need to better understand

why individuals do/do not choose to act at different points in a reporting network in

order to design effective enhancements to surveillance systems.

While incentives often focus on tangible financial benefits, the greatest incentive may

be the provision of simple responses, including acknowledgement of a report, feedback

of diagnostic test results, and advice on management of the disease problem. The

success of telephone ‘hotlines’ in Denmark is testament to this approach. The scheme,

which was primarily set up to provide diagnostic support for livestock veterinarians, has

proved to be an effective tool for detecting new diseases (Hoinville et al., 2009). With the

widespread use of mobile phones across the developing world (See Section 6.5.2), these

measures could provide a simple starting point for improved communication between

livestock-keepers, field staff and central veterinary authorities.

5.3 Institutional structures & interactions

Surveillance is ultimately a matter of communication between stakeholders and the re-

porting of zoonotic diseases is negatively affected by the separation that exists between

human and animal health disciplines. The persistence of institutional separation can

create barriers to communication between the human and animal health sectors, lead-

ing to delays in reporting and in the implementation of responses. Such failures are for

example believed to have contributed to delays in recognition and response to a number

of recent disease outbreaks of significance including WNV in 1999, monkeypox, H5N1

HPAI in 2003 and Ebola in 2001-2003 (IOM and NRC, 2009).

A practical examination of communication between these sectors has been conducted

at the state level in the United States (Scotch et al., 2010). Individuals from the

two sectors were found to communicate frequently but respondents also identified both

technological barriers and issues of data sensitivity and trust as ongoing challenges
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to further integration (Scotch et al., 2010). This study again illustrates the need to

address both the practical elements of communications technology as well as the human

element. Individuals in both sectors need to collaborate and trust one another to

handle sensitive data. To foster this collaboration and the mutual respect required for

sustained interaction, it is proposed that specific meetings and workshops should be

held to bring these groups together and enable them to collaborate in the design of

integrated systems and engender a sense of cooperation and co-dependence from the

outset (IOM and NRC, 2009).

Within veterinary sectors and increasingly also within medical sectors, reporting net-

works can also be adversely influenced by the separation between private and public

sectors and service providers. In Kenya for example, the policy framework enables pri-

vate animal health service providers (PAHSPs) to deliver private good clinical services

whilst the district veterinary officer (DVO) is responsible for regulatory and quality

control functions. This division often results in the DVO being one step removed from

the livestock keepers and reliant on the PAHSP for information on any disease out-

break events. There can be significant barriers to this information flow, particularly

when relationships between the DVO and the PAHSP are strained by the lack of san-

itary mandates, service provision disputes often relating to poorly applied legislative

frameworks and the lack of recognition of frontline personnel by the higher public sector

authorities.

In terms of less tangible social institutions, it is likely that different social groups and in-

deed individuals with diverse social roles will have different perspectives and approaches

to disease reporting. As a consequence, it is likely that the barriers and therefore also

the incentives required to overcome them may vary for different individuals and social

groups. Considerable research is therefore required to investigate the influence of social

parameters including gender, age, ethnicity, socioeconomic status, religion and broader

social context upon disease reporting practices and upon the interaction of different

groups within the reporting pyramid.
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5.4 International reporting regulations

There are no dedicated reporting systems that govern zoonoses reporting at the inter-

national level. Instead, zoonoses are partially covered by separate sets of regulations

and requirements for the animal and human sectors. In the human health sector, the

International Health Regulations (IHR) provide a legislative framework that formalises

the human disease reporting responsibilities of national governments. The recently re-

vised IHR (IHR 2005) set minimum requirements for developing and maintaining core

capacities for detecting and responding to emerging threats and are accompanied by a

decision-support tool designed to help in the identification of public health emergen-

cies of international concern (PHEIC). Participating countries are required to report

a PHEIC occurring within their territory to the WHO within 24 hours of its identi-

fication and that country could then receive assistance in responding to that PHEIC

from WHO and the GOARN (Nicoll et al., 2005; Merianos and Peiris, 2005; Hitchcock

et al., 2007; The World Bank, 2010). Despite the inclusion of mandatory requirements

for improvements to national level surveillance capacities, it is not clear what if any

additional funds are available to enable governments to meet these required standards

(Nicoll et al., 2005), or what sanctions will be imposed in the case of failure to meet these

requirements or delayed reporting (The World Bank, 2010). Regarding surveillance of

zoonoses specifically, the example health events covered in the revised IHR include only

a select few zoonotic pathogens that are considered high-profile international emerging

threats (e.g. viral haemorrhagic fevers, WNV and HPAI) and the guidelines include

little reference to endemic zoonoses or to integrated surveillance of animal and human

populations. The revised IHR therefore only apply to the detection and reporting of

zoonoses in the event of an outbreak of illness in humans that is considered to be of

international concern.

In the animal sector, the closest equivalent to the IHR is the Terrestrial Animal Health

Code of the OIE, which requires veterinary services in participating states to carry

out monitoring, surveillance and reporting of animal disease outbreaks, particularly

outbreaks of listed notifiable diseases to the OIE. The OIE PVS tool is designed to

enable evaluation of the capacity of veterinary services to meet these requirements but

although there are reports of a positive influence of the PVS systems upon reporting
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(The World Bank, 2010), the PVS assessments are voluntary guidelines only and the

OIE has no capacity to respond to an outbreak without official notification from a

member state.

These regulations are designed to encourage reporting of disease outbreaks to the in-

ternational community but they do little to address the significant barriers that act

as strong disincentives for a country to report a disease outbreak. Principal amongst

these are the economic and social consequences of reporting outbreaks. In the human

health sector, there are well described cases in which the occurrence and reporting of

disease outbreaks in developing countries has led to overreaction within the interna-

tional community resulting in long-term negative economic and social consequences in

terms of imposition of trade embargoes, loss of income from tourism and overall impact

upon international reputation (Cash and Narasimhan, 2000). In the animal sector, the

regulations governing disease reporting and response are very heavily influenced by eco-

nomic and trade considerations (Merianos and Peiris, 2005) because of the enormous

impacts that disease reports can have upon national economies.

It can be hard to quantify the direct and indirect economic losses associated with

zoonotic disease outbreaks specifically, but the existing estimates illustrate the scale of

impact that these outbreaks can have. CDC estimates reported by the World Bank

(2010), for the direct costs of recent zoonoses outbreaks include $400 million for Nipah

virus in Malaysia. $11,000 million for BSE in the UK, and $50-120,000 million for

SARS globally (The World Bank, 2010). Because of the potentially enormous scale of

these economic consequences of disease reporting, the OIE PVS tool emphasises the

importance of the independence of veterinary services from more commercially oriented

government departments when it comes to disease reporting and their is some evidence

that the use of the PVS tool and promotion of sectoral independence has contributed

to a reduction in under-reporting at this institutional level (The World Bank, 2010).
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5.5 Regulations & rumours

In recognition of this strong disincentive for national governments to report disease

outbreaks, the revised IHR now include new authorisation for WHO to initiate a re-

sponse to a PHEIC without official notification from the nation state in which that

PHEIC is detected (Merianos and Peiris, 2005; IOM and NRC, 2009). The OIE cur-

rently has no equivalent authority to act upon ‘rumours’ and instead must ask national

veterinary system representatives to provide verification of unofficial reports of animal

disease. However, the overall response rate to requests made by the OIE in the period

2002-2007 was only 70% (IOM and NRC, 2009; The World Bank, 2010) and it has been

argued that the OIE reporting regulation should also be revised to obligate nations to

respond to these rumours and allow international action (IOM and NRC, 2009; The

World Bank, 2010). This move towards the use of rumours is driven in large part by

the concerns of the international community regarding novel emerging threats and en-

abled by the recent advances in the internet-based technologies that bring outbreaks

to the attention of the international community in the absence of official notification

(See Section 6.5.1 for further discussion of these novel approaches). This new approach

has several potential consequences for global disease reporting practices. As it becomes

increasingly unlikely that governments will be able to conceal disease outbreaks, it is

argued that governments will effectively be pressured towards policies of greater trans-

parency and compliance (Cash and Narasimhan, 2000; Chan et al., 2010). However,

it can also be argued that given the potential for rumours emanating from a country

to have such severe negative impacts, and in the absence of any coherent mechanism

for compensating against these impacts, governments may effectively have nothing to

lose and everything to gain by inhibiting reporting. In this context it is therefore un-

derstandable that some institutions may be encouraged to try to suppress negative

disease-related news events.

The fact that the majority of recent confirmed outbreak investigations conducted by

WHO were prompted initially by unofficial reports (Chan et al., 2010), indicates that

rumours already act as an important supplementary reporting channel (Laxminarayan

and Malani, 2009). However, over-reliance upon rumour-based reporting has other neg-

ative consequences. Rumours do not provide the detailed epidemiological information
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required to respond as efficiently as possible in an outbreak situation (IOM and NRC,

2009) and reliance upon them introduces considerable risk of false-positives and the in-

correct imposition of potentially severe economic sanctions. Following this approach is

also unlikely to enhance countries’ incentives to look for and report outbreaks (Laxmi-

narayan and Malani, 2009). It is therefore conceivable that whilst failing to tackle the

underlying reasons for poor detection and reporting capacity this recent focus upon

rumour-based reporting systems will have disproportionate negative impacts upon de-

veloping country nations. In combination with the revised IHR, these systems are likely

to lead to increased application of harsh sanctions upon the detection of disease out-

breaks and countries with under-developed infrastructure are particularly vulnerable in

this situation. These countries are most susceptible to disease outbreaks (Chan et al.,

2010), have less capacity to detect or report them and are also the least able to with-

stand the harsh socioeconomic consequences when sanctions are imposed (Cash and

Narasimhan, 2000). There is the risk therefore of perpetuating a lack of transparency

and trust within the global reporting system whilst simultaneously failing to make any

progress towards enhancing the rapid identification of outbreaks on the ground.

5.6 Incentivising reporting

Effective surveillance systems rely on observer and institutional willingness and ability

to accurately and rapidly report disease outbreaks, at both local and national levels.

This willingness is in turn dependent upon the capability to implement local, national

and international responses and any lack of capacity to respond to a detected threat can

dampen enthusiasm for timely and comprehensive reporting. Ultimately, the greater

the return for reporting an outbreak or case, the greater the return for detecting it

in the first place (Laxminarayan and Malani, 2009). Barriers to reporting need to be

recognised and tackled, by for example, designing enhanced global regulations that pre-

vent the over-reaction of the international community to disease reports. At present,

the scale of sanctions that a reporting country faces can be enormously inflated and

this system of sanctions is likely to work better, to have greater validity and to en-

courage earlier reporting if sanctions are proportional to the size of the outbreak at

the time of reporting (Laxminarayan and Malani, 2009). In addition, it is crucial to
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understand how to positively incentivise reporting in order to achieve improvements in

detection. The appropriate benefits associated with participation in surveillance activ-

ities will vary according to the different stakeholders involved but may include meeting

performance contracts, remuneration, capacity building, event information, resourcing,

career advancement or reinforcement of social standing (such as by triggering an effec-

tive response). At the global scale, the establishment of a global fund to financially

compensate countries that report outbreaks and the provision of more useful medical

assistance at the time of outbreak reporting have been proposed (Laxminarayan and

Malani, 2009; The World Bank, 2010). Countries are more likely to invest in surveil-

lance for diseases they can control (Laxminarayan and Malani, 2009) and surveillance

and response systems based around an intervention that is useful for the community in

the immediate future can therefore provide the basis for the addition of other elements

and development of more generic longer term capacities.

The developing world has been identified as a weak spot in current surveillance capacity

and these are also the communities in which the neglected endemic zoonoses impose

the greatest burdens. The endemic zoonoses have been described as ‘low hanging fruit’

for control and elimination (Molyneux, 2008). The tools to tackle these disease threats

exist but the required investment has been lacking. With the current focus upon how to

conduct surveillance for emerging pathogens there is an opportunity to effectively use

these ‘low hanging fruit’ to tackle the burden of endemic zoonoses in its own right whilst

simultaneously using this effort to demonstrate the importance of effective responses in

incentivising surveillance and to engender a culture of surveillance in those areas of the

world where it is most needed (The World Bank, 2010).

5.7 Discussion

Effective surveillance is only feasible if individuals want to contribute and in some

cases, under-investments in surveillance systems arise because it can be better in both

economic and social terms not to know about a problem, than to know about it but not

be able to do anything to resolve it (Laxminarayan and Malani, 2009; The World Bank,

2010). In the developing world particularly, the current regulatory frameworks and



Recording, Reporting & Response 58

potentially catastrophic economic costs associated with reporting a disease outbreak do

little to encourage investment in effective disease detection and reporting on the ground.

On the international scale, the countries with less developed surveillance infrastructure

are most likely to suffer disease outbreaks (Chan et al., 2010), least likely to have

validity on the international stage in terms of trust and confidence in official reporting

mechanisms and are also most likely to be severely affected by economically damaging

international responses based on either reports or rumours. As a consequence, these

are currently also the countries that are least likely to invest in surveillance (Cash and

Narasimhan, 2000; Laxminarayan and Malani, 2009).

There therefore exists the potential at least for tensions between the surveillance needs

and motivations of the international community concerned principally at the global

level with the detection or emerging diseases and developing country nations for which

endemic zoonotic pathogens may pose greater threat and for which there are few if

any resources available for either surveillance or response. In order to reconcile these

differences and motivate reporting where it is currently least effective, it is necessary

to recognise that additional funds will be required to achieve the improvements in na-

tional capacity requested by the international community and that this system should

be designed in such a way that it ‘works’ for the developing country nations themselves

and meets their needs as well as those of the wider global community. If not, it is very

unlikely that an effective system of reporting will be created. Bioeconomic modelling

indicates that enhancing a country’s capacity for outbreak control will result in greater

investment in surveillance more generally (Laxminarayan and Malani, 2009) and future

research effort should therefore be focused at breaking the feedback cycle that per-

petuates the circumstances where the weakest disease surveillance capacity coincides

with greatest zoonotic disease burden. To do this, it is important to start by focusing

upon providing effective response to existing zoonoses. It is too often the case that

surveillance and response activities are not as well integrated as they should be and the

failure to maintain response capacity will inevitably lead to the neglect of surveillance

capacity. In this model, the initial focus is on enhancing response measures targeted at

existing zoonotic pathogens and surveillance is the tool used to ensure that resources

for response can be most effectively targeted.
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There is also a need to re-focus at the bottom of the reporting pyramid as this is

the fundamental source of all surveillance data and the surveillance of both endemic

and emerging pathogens is dependent upon the timely collection of accurate and com-

prehensive ‘on the ground’ field data. By focusing on endemic rather than emerging

pathogens, investment in responses can yield tangible rather than potential benefits

and provide demonstrable incentives to encourage ongoing reporting and contribute to

an appreciation of the value of linked surveillance and response. This strategy could

therefore have the multiple benefits of i) encouraging investment in the control of pre-

viously neglected endemic zoonoses which impose considerable socioeconomic burdens

in developing countries (Maudlin et al., 2009) and ii) demonstrating the value of good

reporting, surveillance and response in those parts of the world where surveillance ca-

pacity is currently weakest. This approach could contribute to the creation of a culture

of surveillance that would enhance both local and global disease surveillance and re-

sponse capabilities.

5.8 Conclusions

There are multiple factors that contribute to the under-reporting of disease in general

and zoonoses, particularly in developing countries. Previous efforts to enhance reporting

have often concentrated on individual barriers in isolation rather than attempting to

understand the complex interaction of factors that lead to persistent under-reporting

(The World Bank, 2010). In recent years, there has been a focus on the technological

barriers to reporting and into improving the speed of information flow from the national

to international level. We argue that future attempts to enhance the reporting of

disease in developing countries should be built upon much greater understanding of

why individuals choose to act and to report disease, rather than focusing exclusively

on the practical tools used.

This report has identified several barriers to reporting and capacity gaps that operate

to reduce disease reporting at different levels in developing countries:

• low clinical awareness of zoonoses and poor availability of reliable diagnostic tests;



Recording, Reporting & Response 60

• animal-owner familiarity with the presence of zoonotic pathogens and acceptance

of this as the ‘normal’ condition;

• fundamental shortage of resources for disease detection and reporting in both the

human and animal sectors - including funds, personnel and infrastructure;

• separation between the animal and human health sectors and barriers to commu-

nications, which contribute to delays in the reporting of zoonoses particularly;

• lack of a clear regulatory system governing the reporting of zoonoses - neither the

WHO IHR or OIE Terrestrial Animal Health Code provide clear guidelines on

the reporting requirements for both emerging and endemic zoonoses.

These gaps in capacity contribute to multiple disincentives identified for reporting in-

cluding:

• the arduous and sometimes unpleasant nature of field diagnostic sample collection

and follow-up;

• reluctance to initiate a process that may lead to severe consequences for the

livelihood of the reporter directly or other community members;

• the probable absence of any feedback or useful response to reports made;

• long term negative economic and social consequences of disease reporting at the

national level, including trade embargoes and loss of income from tourism.

To tackle these gaps and reporting barriers, future research activities must prioritise the

incentivisation of reporting. In the developing world particularly, the use of incentives

is much more likely to be effective than punishment of non-reporting and the reliance

upon rumour-derived information. Overall, there is a need to focus on understanding

what motivates reporting. Providing the technical means of detecting disease is not

sufficient for the data to be generated and reported and there is a need to better define

what other inputs can be provided to ensure this. Specifically, future research effort

should focus on:
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• social science investigations conducted to generate better understanding of the

barriers and motivations important for different stakeholders and reveal when

and why different members of a reporting network do/do not act to report disease

information - these should focus ideally upon existing developing country zoonosis

reporting systems;

• identifying and field testing different options for locally appropriate reporting

incentives - options may include performance-based contract schemes, direct re-

muneration, capacity building, basic feedback and information provision, CPD,

career advancement and also enhancement of social standing depending on the

stakeholders involved;

• encouraging the involvement of representatives of the human and animal health

sectors throughout the process of surveillance system design and implementa-

tion to encourage the collaboration and mutual respect essential for sustainable

interaction and effective surveillance.

In addition, a number of changes in international policy could be made to enhance

global disease reporting networks. These would include:

• the development of zoonosis-specific reporting guidelines to define ‘best practice’

in the national reporting of zoonosis surveillance data (concerning both endemic

and emerging diseases) to the international community - this would be most

appropriate if developed through the existing collaboration between WHO, OIE

and FAO

• the development of an international fund and taskforce to provide greater assis-

tance to nations that report disease outbreaks to the international community

(the nature of the assistance provided should be informed by the social science

research activities advocated above)

• the creation of an international regulator that has greater powers to penalise

and prevent over-reaction by non-reporting nations in terms of trade embargoes

and guidance to tourists as and when nations do make disease reports to the
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international community and to provide compensation for reporting countries as

and when this happens

• continued advocacy for the separation and independence of veterinary public

health and commercially oriented government departments to reduce the influence

of commercial and economic factors upon surveillance activities and reporting



Chapter 6

Innovative methods for zoonotic

disease surveillance

6.1 Summary

Many of the challenges associated with zoonotic disease surveillance are particularly

acute in developing countries. Whilst posing considerable challenges, the limited infras-

tructure and availability of resources in these contexts have also stimulated a range of

innovative approaches that may provide opportunities for improved efficiency of surveil-

lance, not only in developing countries but also in more industrialised countries. Here,

we review the existing literature on innovative methods for zoonotic disease surveillance,

including both approaches to surveillance overall and also tools that can be employed

within surveillance systems. Syndromic surveillance, the use of sentinel or proxy animal

populations and risk-based techniques have all been proposed as flexible and relatively

inexpensive approaches for timely collection of surveillance data over broad geographic

scales. There is also a growing literature on electronic data capture and transmission

methods, which have been developed as a means of reducing errors and allowing real-

time access to data. Whilst all of these approaches have the potential to achieve timely

data collection, and to enable access and greater use of less traditional data sources

there are also concerns about the validity of the data generated through some of these

63
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techniques. It is important to recognise that these approaches are proposed as com-

plementary tools rather than alternatives to more classical epidemiological work and

good surveillance system design. As is the case with any surveillance tool, their utility

needs to be evaluated on a case-by-case basis and it is likely that the utility of these

new approaches may be greatest in areas that are currently least well served by exist-

ing surveillance systems. The increasing accessibility of mobile phone technology, for

example, creates exciting opportunities for disease surveillance and response. The use

of mobile phones provides the capacity for two-way exchange of information and may

therefore have particular advantages for zoonotic disease surveillance where communi-

cation between different stakeholders can be limited and where there is a clear need

to develop tools that help to address existing capacity gaps in rural livestock-owning

communities. Similarly, syndromic surveillance, sentinel surveillance and participatory

epidemiology are all flexible tools that may have great value in describing the current

distribution and burden of zoonotic diseases and tackling the current lack of baseline

data on disease distribution that is essential to inform efforts to target research at

current zoonoses hotspots.

6.2 Syndromic surveillance

Syndromic surveillance refers to the use of clinical or health-related information that

precedes definitive diagnosis of specific disease conditions (Henning, 2004). In contrast

to more traditional surveillance systems which rely on the establishment of a diag-

nosis, usually through laboratory testing of submitted clinical specimens, syndromic

surveillance systems make use of pre-diagnostic data to enable more rapid detection

of disease outbreaks. Although some authors include the use of proxy health-related

information under the heading of syndromic surveillance (e.g. absenteeism or over-

the-counter medicines sales; Henning (2004)), more recent usage in the public health

literature confines the phrase to the description of surveillance systems that use patient

clinical data captured at health care facilities at the time of presentation and/or dis-

charge to identify outbreaks in the catchment population. Clinical signs, symptoms,

and possibly other abnormalities indicative of a diseased state and detected at the time

of presentation (e.g. bed-side test results), are grouped into syndromes, according to
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the objectives of the surveillance system. Clinical signs and other abnormalities may

thus be assigned to a syndrome on the basis of a common organ system (e.g. respiratory

tract diseases), common clinical presentation (e.g. severe acute respiratory illness), or

a common putative cause (e.g. influenza-like illness). The primary goal of syndromic

surveillance, namely, timely detection of outbreaks, may be achieved only through a

reduction in the specificity of case definitions when compared to traditional surveillance

systems; however, further research may be needed to identify effects of case definitions

on the sensitivity and specificity of syndromic surveillance systems (e.g. Guasticchi

et al. (2009), and to determine the optimal combination of timeliness, sensitivity and

specificity for particular programmes. Ideally, a syndrome will have a high probabil-

ity of association with a given target disease, analogous to a diagnostic test with high

predictive value of a positive result. This is the case for example with the use of acute

flaccid paralysis syndrome in poliomyelitis surveillance (Robertson et al., 1994) but just

as positive predictive value of a positive result in a diagnostic test is dependent upon

disease prevalence, the accuracy of different pre-diagnostic syndromes can also vary.

For example, during influenza seasons, reporting of influenza-like-illness (ILI - defined

as fever and cough or difficulty breathing) can successfully predict influenza infection

in as many as 79% of adults and 83% of children (Ohmit and Monto, 2006). How-

ever, when applied over longer periods the predictive value of ILI can be lower (Ohmit

and Monto, 2006) and these symptoms can also be caused by a large number of other

pathogens including malaria and a range of other respiratory viruses (Monto, 2002). In

other contexts, syndromic surveillance can be employed to detect new, emerging dis-

eases, by selecting non-specific syndromes, such as acute febrile or respiratory illness,

that will impart a high sensitivity.

Although deployment of syndromic surveillance is widespread in human public health

systems (e.g. Lewis et al. (2002); Irvin et al. (2003); Loonsk (2004)), few examples can

be found in the veterinary field. Vourc’h et al. (2006) describe three syndromic surveil-

lance systems in farm animals: the Veterinary Practitioner-Aided Disease Surveillance

System (VetPAD; New Zealand), the Rapid Syndrome Validation Project Animal

(RSVP-A; U.S.A), and the ‘émergences’ system (France). The VetPAD system pro-

vides a platform for private veterinary practitioners to capture and categorise clinical

diagnoses, by integrating data capture into a broader practice management system
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using hand-held personal digital assistants (PDAs, or ‘pocket PCs’). The RSVP-A sys-

tem relies on reports made by private veterinarians who determine if cases of disease

in cattle fit any of the specified syndromes of interest (non-neonatal diarrhoea, neuro-

logical dysfunction or recumbency, abortion or birth defect, unexpected death, erosive

or ulcerative lesions, and unexplained feed refusal or weight loss). The ‘émergences’

system is designed to detect new or unknown diseases, or atypical cases of apparently

known diseases, and relies on a free-text clinical description of the case, submitted by

the veterinarian using a web-based form. Cases may then be categorised by the system

administrator on the basis of the clinical descriptions.

Shephard (2006) describes the development of a web-based reporting system for cattle

diseases in the extensive cattle producing regions in northern Australia. Known as the

Bovine Syndromic Surveillance System (BOSSS), it uses a novel graphical user interface

linked with an interrogation module to allow observers (stockmen) to accurately and

fully describe the disease. The system incorporates a Bayesian cattle disease diagnostic

programme, which provides the observer with immediate feedback based on their clinical

observations, including a list of differential diagnoses, further questions that may help

further differentiate cause, and access to information and other expertise. Metre et al.

(2009) describe a syndromic surveillance system based on visual inspection for the

detection of disease in livestock entering auction markets, and propose 12 syndromes

based on clinical signs observed during deployment of the system in a single large

auction market in Colorado.

The above systems focus on surveillance for emerging and transboundary diseases

of livestock, and cattle in particular. By contrast, the National Companion Animal

Surveillance Program (NCASP) established at the Purdue University School of Veteri-

nary Medicine, U.S.A., collects medical records from small animal pets attending any

of the more than 500 hospitals of a private animal health care provider, Banfield (Glick-

man et al., 2006). Although the system captures clinical data from approximately 3

million cases per year, its primary purpose is a resource database for further epidemio-

logical research on the role of companion animals in the emergence of zoonoses, and not

specifically for syndromic surveillance (Burns, 2006). This illustrates a key point: if the

stated goal of syndromic surveillance is the early detection of disease anomalies to allow



Innovative Methods 67

prompt action, data must be analysed routinely, and follow-up processes defined. A

key component of effective syndromic surveillance systems is the use of statistical algo-

rithms to detect when the occurrence of a particular syndrome exceeds expected levels

for a given geographic location and time (ideally taking into account temporal trends in

disease reports, real or artifactual). Timely detection of anomalies is improved through

the routine, automated application of these algorithms, and visual display of results.

As a prerequisite, baseline rates of defined disease syndromes must first be established

and thresholds determined which, if exceeded, will trigger further action. The nature

of such action (e.g. further epidemiologic or diagnostic investigation) should also be

predefined.

Despite early calls to integrate surveillance in human and animal populations for tar-

geted infections, e.g. zoonotic and emerging diseases (Shears, 2000), few such sys-

tems are found in the literature. Rockx et al. (2006) describe a surveillance system

in the Netherlands for the early detection of West Nile virus epidemics. The system

includes surveillance based on human hospital discharge diagnoses, cerebrospinal fluid

(CSF) diagnostic requests, laboratory CSF test results, and monitoring of neurologi-

cal disease in horses, and thus represents a combination of syndromic surveillance in

humans and horses, indicator/proxy surveillance (CSF diagnostic requests) and tradi-

tional, laboratory-based surveillance. Babin (2010) proposes the inclusion of syndromic

surveillance of particular animal species (cats, chipmunks) in an integrated syndromic

surveillance system for early detection of pneumonic plague, but does not go on to

suggest how such a system might be established or integrated.

The results of this brief review have shown that, despite the widespread adoption of

syndromic surveillance in human public health systems for the early detection of dis-

ease outbreaks, and the clear need for such systems in the veterinary sector for the

early detection of transboundary, emerging and/or zoonotic diseases, few syndromic

surveillance systems are in routine use in animal populations, and none in developing

countries. Several obstacles to their widespread adoption in the veterinary sector can

be identified. Firstly, systematic capture of patient clinical information is rarely un-

dertaken, and particularly not in a format conducive to rapid onward transmission and

analysis. To be sustainable, surveillance systems should incorporate electronic capture
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of clinical data into systems that facilitate routine practice management (e.g. Vet-

PAD) or provide diagnostic support (e.g. BOSSS). Secondly, no standard exists for the

classification of clinical information into disease codes that might facilitate comparison

and automated analysis of data from different practices or regions. The International

Classification of Diseases, Ninth Revision (ICD-9) provides such a standard in human

public health surveillance (see, for example, Marsden-Haug et al. (2007)). Thirdly,

early detection of disease anomalies presupposes the existence of baseline data on the

incidence of clinical syndromes of interest. Other surveillance challenges are not unique

to syndrome-based systems: the need for routine analysis of data and application of

anomaly-detection algorithms, and the implementation of a response plan should such

anomalies be detected. In developing countries in particular, the lack of both animal

health professionals on the ground, and resources to provide preventative or curative

treatment for diseased animals and poor communication between animal health workers

and animal owners are additional challenges.

To be effective, syndromic surveillance systems should benefit not only those tasked

with early detection and control of outbreaks, but also those called on to capture

and transmit the data. In developing countries, where this would be the responsibility

primarily of animal health technicians or paraveterinarians who may have little training

in the differentiation and treatment of animal infectious diseases, the BOSSS model

offers one potential solution. This system combines the capture of clinical data (for

surveillance purposes) with a diagnostic decision-support tool that uses the captured

data to offer differential diagnoses with relative probabilities, along with advice on

further investigations and treatment options. Animal owners may also perceive the

benefit of improved animal health service provision, and thus be more likely to sustain

the system though ongoing reporting of cases.

6.3 Animal sentinel surveillance

Sentinel surveillance is a form of surveillance in which activities focus on specific sub-

populations to enhance detection of disease and/or improve the cost-effectiveness of
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surveillance (McCluskey, 2003). The data generated through observation of the sen-

tinel population can then be used to infer the risks posed to the larger population. The

use of animal sentinels for detecting biochemical threats is well established (e.g. the coal

miners canary, and see Rabinowitz et al. (2005)) but despite the surveillance opportu-

nities provided by the multi-host capacities of many zoonoses, the application of animal

sentinels for the surveillance of zoonotic pathogens is less well described (Rabinowitz

et al., 2005; Halliday et al., 2007; Rabinowitz et al., 2008).

Animal sentinels can and have been used to address a wide range of surveillance ques-

tions including the detection of a pathogen in a new area, the detection of changes in the

prevalence or incidence of a pathogen/disease over time, determining the rates and di-

rection of pathogen spread, testing specific hypotheses about the ecology of a pathogen

and evaluating the efficacy of potential disease control interventions (McCluskey, 2003;

Halliday et al., 2007; Yale Occupational and Environmental Medicine Program, 2010).

The desirable attributes of a sentinel population vary by surveillance purpose and also

context. There is no universally appropriate sentinel population and in different con-

texts and settings, different animal populations will vary in their capacity to provide

useful surveillance data. Factors including the relationship between the sentinel and

target populations, the transmission route(s) of the pathogen to the sentinel and target

populations and the nature of the sentinel response to the pathogen all influence the

potential utility of different animal populations to act as sentinels of pathogen presence

in different contexts (Halliday et al., 2007).

In the developing world context, where the current state of infrastructure severely limits

surveillance capacity, there is a considerable lack of baseline data on which pathogens

pose a threat and sentinel surveillance approaches may provide a comprehensive yet

flexible and cost-effective tool for addressing these fundamental knowledge deficiencies

(Halliday, 2010; Lembo et al., 2011). Carnivores and specifically domestic dogs have

a number of attributes that may make then suitable sentinels for a range of zoonotic

pathogens, and of particular value as animal sentinels in developing country contexts

(Cleaveland et al., 2006). There is considerable evidence that carnivores can be ex-

posed to a range of pathogens including emerging zoonoses such as influenza A and

WNV through the consumption of infected material (Murray et al., 1999; Austgen
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et al., 2004; Thiry et al., 2007; Giese et al., 2008) and that a bio-accumulation effect,

whereby predators and scavengers effectively sample from prey populations, can lead

to the accumulation of the pathogen itself or of evidence of exposure within carnivore

populations so that pathogen presence may be detected relatively inexpensively and

cheaply by sampling a small number of carnivores (Cleaveland et al., 2006). Domes-

tic dogs are widely distributed and essentially ubiquitous within human communities

throughout the world, they live in close proximity to people and are readily accessible

for handling and sampling (Cleaveland et al., 2006; Halliday, 2010). Particularly when

combined with rabies vaccination campaigns, it is therefore possible to rapidly conduct

cost-effective serosurveillance of domestic dogs at the village level over a large area for

example an entire region, and to generate a broad-strokes picture of which pathogens

are present where (Cleaveland et al. (2006), e.g. for Ebola in Gabon, Allela et al. (2005)

and for Anthrax in Northern Tanzania, Lembo et al. (2011)).

Surveillance of sentinel populations that are both exposed to the pathogen of interest

and which respond to the presence of that pathogen prior to the exposure of the tar-

get population can provide timely ‘early warning’ data that can be used to prioritise

additional surveillance resources, implement control measures and potentially prevent

the exposure of the target population altogether. In cases where animal sentinels have

been used to provide a warning of a zoonotic threat to human health it is often the

case that the response of the sentinel to the pathogen is dramatic and highly visible,

such as widespread mortality, e.g. corvid deaths associated with the spread of West

Nile Virus (WNV) in North America. The data provided by these kinds of dramatic

signals can be processed, analysed and acted upon rapidly, often without the need for

time-consuming sample collection and diagnostic testing. In such cases the response

of the early warning sentinel to the presence of the pathogen should also be very spe-

cific, to minimise the risks of false-positive reports and to enable improved confidence

in decision-making based only on the sentinel response only (Halliday et al., 2007).

For this reason however, there are in fact only a relatively small number of examples

of this kind of dramatic but well characterised and specific signal and in most cases,

sample collection and diagnostic testing are required to detect and interpret the signals

provided by animal sentinel populations.
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As with all other forms of surveillance, the potential value of data generated from animal

sentinels can only be realised if the information gathered is distributed in a timely

way, to enable prompt action. Despite increasing recognition of the potential value of

animal sentinels for zoonosis surveillance there are many examples of situations in which

disease outbreaks that have affected both animals and humans (often with the first cases

observed in animals) have only been widely reported and recognised once human cases

occur (e.g. few pre-emptive measures taken despite primate deaths caused by Ebola

prior to human cases, (Rouquet et al., 2005), RVF consistent mortality recognised by

pastoralists well in advance of public health responses in Tanzania and Kenya, (Jost

et al., 2010)). It is argued that such failures to fully utilise data from animal sentinels

stems from a basic lack of integration between the veterinary and medical disciplines

and from the perpetuation of an ‘us vs them’ paradigm in which animals are viewed

as the potential source of human diseases rather than a key to understanding shared

risks (Rabinowitz et al., 2008). However, it is also the case that hindsight simplifies

the interpretation of these data and that the setting of surveillance has a considerable

influence upon the interpretation of the findings of sentinel surveillance. First, there

is a requirement for a network of observers who can observe and report any signals

observed in a sentinel population. In North America for example, the capacity of

dead crow density measures to forecast human infections with WNV was reduced in

rural as compared to urban areas because of reduced detection and reporting rates

(Eidson et al., 2005; Ward et al., 2006). Secondly, where a network of observers does

exist, in order to detect for example, unusual die-offs in an animal population and for

this to be interpreted as a potential signal of zoonotic pathogen presence and human

risk, a comprehensive understanding of normal patterns of morbidity and mortality in

animal populations is needed and such data are often scarce, particularly for wildlife

populations.

The science of surveillance using animal sentinels is relatively under-developed and nu-

merous factors including the lack of integration between human and animal medicine

and a lack of quantitative methods for linking animal and human health data have con-

tributed to this (Rabinowitz et al., 2005, 2008; Scotch et al., 2009). However, animal

sentinels do offer a clear opportunity to address some of the deficits that are currently

faced in the field of zoonosis surveillance. Rather than providing precise estimates of



Innovative Methods 72

disease incidence or prevalence, the aim of sentinel surveillance is to provide timely and

relatively inexpensive information (CDC, 2008) that may have relatively limited reso-

lution or accuracy. The nature of sentinel surveillance is that the sentinel population is

used as a proxy for the population of interest and that data generated is gathered at a

step removed from that population. Uncertainty about the ‘true’ picture of pathogen

presence in the target population is inevitably introduced through this process and as a

consequence sentinel surveillance is best suited to surveillance of broad scale patterns of

pathogen presence rather than to more refined surveillance/epidemiological questions

for which a higher degree of precision is required. In many parts of the world, the

basic surveillance questions of what pathogens are present in which populations remain

unanswered and as a consequence the global community has very limited data upon

which to base assessments of risk. Sentinel surveillance using animals should be con-

sidered as a potential first-line surveillance approach for numerous zoonotic pathogens,

through which baseline data on pathogen presence can be generated relatively quickly

and cheaply on the national and international scales. The data generated could then

be used to trigger additional surveillance and targeted resource investment.

6.4 Participatory epidemiology

Participatory epidemiology (PE) is a practical approach to epidemiology designed to

give stakeholders a greater role in shaping public health and surveillance programmes.

The approach attempts to recognise and utilise the very detailed existing knowledge

that people have about the animals that they keep and about the infectious and zoonotic

diseases that impact their health and livelihoods (Jost et al., 2007; Vetwork UK, 2011).

Key PE techniques include semi-structured interviews, focus-group discussions, rank-

ing/scoring exercises and a variety of visualisation techniques (Jost et al., 2007; Vetwork

UK, 2011). Such approaches have been used around the world to gain understanding

of disease transmission in a range of ecological and social contexts, and applied for the

surveillance of a variety of diseases including a number of zoonoses (Jost et al., 2007;

Bett et al., 2009; Freifeld et al., 2010; Jost et al., 2010).
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Participatory approaches are about involving and engaging individuals so that they play

an active role in the process of surveillance. This can lead to the creation of collaborative

communities in which participants work to improve their health and that of others

(Freifeld et al., 2010) and these approaches therefore provide a mechanism through

which the communities that are at risk engage with the surveillance process, overcoming

one of the key challenges of typically top-down surveillance approaches which frequently

result in the neglect of data collection at the local/ground level. Because of the focus

upon existing local knowledge, participatory approaches can lead to the development

of disease control programmes that are both acceptable and effective in the context in

which they are applied (Jost et al., 2007). In addition, because of the key assumption

of PE that the investigator cannot fully anticipate the needs, priorities and problems

of the community that they study, PE techniques are inherently flexible and “allow for

the ‘discovery’ of new information” (Jost et al., 2007).

PE proved to be a particularly useful and sensitive tool for the identification of the re-

mote and often isolated pastoralist communities in which the rinderpest virus persisted

(Jost et al., 2007; Mariner and Roeder, 2010; Vetwork UK, 2011), where it was possible

to utilise the clinical knowledge of pastoralists to identify foci of disease persistence and

thus target eradication efforts effectively and cost-efficiently (Jost et al., 2007). The

techniques developed through experience with rinderpest have since been applied to

the surveillance of several important diseases including foot and mouth disease (FMD),

peste de petits ruminants (PPR) and rift valley fever (RVF) (Jost et al., 2007, 2010) as

well as to the surveillance and response to HPAI (Jost et al., 2007; Azhar et al., 2010).

In Indonesia, an integrated participatory disease surveillance and response (PDSR) ap-

proach has been developed to better integrate disease detection and control activities

for HPAI. In this setting, involving the community in the reporting of suspect HPAI

cases has proved to be a highly efficient way of identifying new cases and successfully

controlling outbreaks at the village level in more rural areas particularly (Azhar et al.,

2010).

The potential weaknesses and criticisms of participatory approaches often relate to the

nature and applicability of the data generated. PE techniques are often non- or semi-

quantitative, the data generated can be difficult to code and store without losing much
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of the detail and as a consequence it can be difficult to standardise data. However, it can

be argued that the particular value of the data generated through PE is the very detail

that can be lost when trying to compare findings across settings and that this specificity

to the particular context should be considered as a strength (Mariner and Roeder, 2010).

Investigations of the 2006/7 RVF outbreak in East Africa revealed that knowledge of

RVF in different Tanzanian and Kenyan communities was very variable (Jost et al.,

2010) and illustrated the need for the collection, interpretation and response to data

generated through PE within the local context. As with other approaches discussed in

this section, it is argued that rather than being a catch-all answer to all questions, PE

techniques should be used alongside others to enable comprehensive surveillance and

response. For example, in the case of RVF surveillance and response, PE can be used

alongside other techniques such as risk prediction based on climatic modelling. Prior

to the 2006/7 outbreak, early warnings based on climatic models with high accuracy

(including data on vegetation changes) were given but they provided warning of the

outbreak too late to allow a preventive response (Jost et al., 2010). If less specific

models that could provide an indication of high risk were combined with targeted

enhanced surveillance employing PE techniques, the early warning could be provided

by combining data sources and utilising the knowledge of the local populations affected

(Jost et al., 2010). The overall flexibility of PE and the capacity of small but well-

trained teams to generate substantial amounts of data with relatively low costs (Jost

et al., 2007), suggests this tool could be explored more widely for specific zoonoses

surveillance problems.

6.5 Surveillance using novel information technologies & data

sources

Recent rapid developments in technological capacities for data collection and commu-

nication have had implications for the way in which health surveillance is conducted,

and in many cases the use of electronic data collection and reporting systems has al-

ready improved detection of pathogens compared with older, manual methods (Bravata

et al., 2004; Soto et al., 2008). Because of this, there is a hope that the use of novel
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technologies such as internet-based data extraction algorithms and mobile phones will

enable global disease surveillance and facilitate great improvements in surveillance ca-

pacities within the developing world particularly. In many cases, the communications

technologies discussed in this section are not in themselves surveillance systems and it

is important to recognise that as with any other data collection tool, their considerable

potential can only be realised if incorporated into well designed systems. However, the

global adoption of new communication technologies, first the internet and more recently

mobile phone connectivity, have undoubtedly provided opportunities and enabled a new

class of participatory systems for global disease surveillance and monitoring (Freifeld

et al., 2010).

6.5.1 Internet-based surveillance systems

In recent years, there has been a proliferation of new online data resources such as

blogs, news outlets and discussion sites and of new data collection methodologies such

as data-mining (a process of extracting patterns from large quantities of data) and

crowdsourcing (a technique that involves engaging large numbers of people to perform

a task) that can be used to access and utilise these data. The potential value of these

non-traditional data sources and analytical tools for disease surveillance has in turn

prompted a new generation of online disease surveillance systems such as ProMED,

GPHIN, MedISys, HealthMap (Hitchcock et al., 2007; IOM, 2007; Brownstein et al.,

2008). Many of these systems (See Appendix B) are designed to achieve early detection

of emerging disease threats and for this purpose specifically, non-traditional data sources

and proxy measures such as school and work absenteeism, calls to telephone care nurses,

search engine query data and over the counter pharmacy sales have all been proposed

as potential indicators of adverse health events that should be included in surveillance

systems to provide an event signal earlier than more traditional surveillance data sources

such as hospital admissions and mortuary reports (Bravata et al., 2004; Dailey et al.,

2007; Ginsberg et al., 2009).

The use of automated electronic systems means that data on disease outbreaks can be

processed and made available for access in near real-time at very low cost (Soto et al.,

2008; Brownstein et al., 2009) and as a consequence, web-based systems are credited
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with being the first to detect a number of significant recent infectious disease events (e.g.

reports of unusual respiratory disease in China were captured by ProMED-Mail and

GPHIN prior to any official reports made during the SARS outbreak and in the period

1998-2001 the WHO outbreak and alert verification system confirmed 578 outbreaks of

which 56% were initially detected by GPHIN (Hitchcock et al., 2007). However, this

timeliness is achieved at some cost and key ongoing concerns regarding crowdsourcing

and data-mining approaches include the question of how to corroborate or verify sub-

mitted information, and the potential risks of considerable negative economic and social

impacts associated with false reports, generated either accidentally or when a system

is ‘hijacked’ and used to spread malicious and unfounded rumours (Brownstein et al.,

2009). Options for cross-validation and moderation of submissions are being explored

(Brownstein et al., 2009; Freifeld et al., 2010), as it is argued that even when using

data from sources that are perhaps biased or flawed in some way, the aggregation of

several sources of data can be used to decrease the potential for false alarms, whilst

maintaining the sensitivity and timeliness that is key for early warning (IOM, 2007).

ProMED is the exception amongst the global internet-based surveillance systems (See

Appendix C) in that it uses in-country infectious disease experts to review and validate

all reports prior to publication, leading to enhanced credibility of the published reports.

In this way, ProMED retains the coverage, flexibility and timeliness of reporting that

is key to these internet-based systems but also has enhanced credibility because of the

manual validation of reports and is considered by many to be the model of an affordable

system that may be suitable for resource-poor countries (Hitchcock et al., 2007).

Internet-based surveillance systems that continuously scour the web for health/ disease-

related terms or reports have demonstrated utility for the early detection of health

anomalies and potential disease outbreaks and their capabilities and value are likely

to increase as these tools are refined over time (Ginsberg et al., 2009). However, such

systems are inherently limited in developing countries, and particularly in rural areas

where infrastructure is very poor, surveillance is weakest and livelihoods are most closely

associated with animals. It is therefore important that investment in ‘internet-based’

systems does not compromise investment at the ground level, which cannot be replaced

by a technological fix.
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Figure 6.1: Illustration of the growth of mobile phone coverage in the developing world
over the past 10 years. (ITU, 2011)

6.5.2 Mobile phone technologies

The use of mobile technology for disease surveillance and reporting offers the oppor-

tunity to develop improved integrated systems that are both time efficient and cost

effective, as well as providing comprehensive geographic coverage. By 2009, 90% of the

world’s population was covered by a mobile signal and whilst both internet and mobile

phone connectivity are growing, the rate of growth is much greater in the mobile phone

sector and the most rapid growth in terms of subscriptions to mobile technologies is

occurring in the developing world (ITU, 2011). By the end of 2010, mobile phone cel-

lular user rates for the developing world will reach 68%, as compared to internet user

rates of 21% (Figure 6.1; ITU (2011)). Effectively, telecommunications companies have

already provided a global communications infrastructure that is inherently sustainable

and can be utilised for disease surveillance purposes (IOM, 2007).

In terms of enabling comprehensive surveillance coverage of a population, the key

strengths of mobile phones over desk-top or laptop based internet access are that mo-

biles are more portable, they consume considerably less power, can be charged for

several days, can function in remote areas, are an already familiar and commonly used

technology and can even be topped-up with credit remotely (Freifeld et al., 2010). The

successful deployment of mobile phones equipped with software for reporting cases of



Innovative Methods 78

infectious disease to a national database as an interim surveillance solution following

the Sichuan earthquake highlights the potential of mobile technologies in areas with

limited infrastructure (Yang et al., 2009).

Mobile phones and other electronic data collection/entry tools represent a considerable

improvement over traditional paper and pen recording methods in that they reduce the

number of error-prone translation steps between the initial collection of data and its

use, enhancing both speed and accuracy (Soto et al., 2008; Yu et al., 2009; Mtema et al.,

2010). These attributes make mobile phone based technologies particularly well suited

to address deficiencies in disease surveillance capacities in the developing world, which

have been chronically hindered by poor infrastructure and which currently represent

the weak-spot in global surveillance capacities (GAO, 2001).

One of the first uses of mobile-phone technologies for disease surveillance in the devel-

oping world was through the Alerta electronic surveillance system, which has operated

in Peru since 2003 (IOM, 2007). The Alerta system is focused on the Peruvian mili-

tary and involves collection of extensive clinical data from a country-wide network of

health-care facilities. Data on 45 diagnoses/syndromes are transferred from peripheral

clinics to a central hub using a range of reporting technologies including mobile phones

but also radio relay and internet. Captured data are displayed in real-time, automated

data analysis conducted and feedback is given to stakeholders using a range of formats

including e-mail and SMS (IOM, 2007; Soto et al., 2008).

One of the greatest strengths of surveillance systems that utilise mobile phones is this

capacity for two-way transfer of information. Feedback to incentivise and enhance re-

sponses can range from automated responses that acknowledges receipt of a report,

to reminders of follow-up clinic appointments and the provision of up-to-date data on

drug stocks or the nearest source of vaccine (IOM, 2007; Soto et al., 2008; Mtema et al.,

2010). A promising low-tech and easy to implement finding recently reported for HIV

surveillance is that the use of SMS by healthcare workers improved patient adherence

to antiretroviral treatment (Lester et al., 2010). It was suggested that SMSs improved

the relationship between the patient and the healthcare worker in an area where health-

care access is typically very poor. Good relationships between patients, animal owners,
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healthcare and animal health workers (both within and between sectors) are neces-

sary to improve the collection and quality of surveillance data. The potential value

of two-way communication can operate on multiple levels, by for example providing a

direct means of empowering staff to action a response (e.g. alerting the responsible

person within the relevant sector), providing an outlet for communication with peers

or colleagues and facilitating supervision. These attributes that are aided by mobile

technologies have all been shown to improve health worker performance in low-income

countries (Rowe et al., 2005) and are likely to be equally applicable to animal health

workers.

There is now a large and rapidly growing number of mobile systems being piloted for

public health. Several of the more developed mobile-based participatory systems for

public health are described in Freifeld et al. (2010) and an inventory of mobile phone

data collection applications (the majority of which are implemented in Africa) is main-

tained online

at: http://www.unglobalpulse.org/resources/mobile-phone-data-collection-inventory. Al-

though a number of studies speculate on the potential of these technologies, there are

few published evaluations of their impacts (Vital Wave Consulting, 2009). At the na-

tional level, mHealth initiatives are beginning to be implemented

(e.g. http://www.rollbackmalaria.org/psm/smsWhatIsIt.html), but very little research

has been conducted on the factors that determine the sustainability and scalability of

mobile technologies (Earth Institute, 2010).

In terms of animal disease surveillance though, the potential of mobile phone based

systems has yet to be fully explored or exploited (Robertson et al., 2010). The Infectious

Disease Surveillance and Analysis System (IDSAS) project in Sri Lanka represents one

of the first examples of the application of this kind of approach to animal disease

surveillance. The IDSAS project was designed to obtain timely animal health data

from field veterinarians and involved mobile phone based submission of clinical data

obtained by veterinarians during their normal daily work activities. A major output

from this project, was the demonstration that mobile phone based surveillance of animal

populations is both feasible and acceptable in lower-resource settings (Robertson et al.,

2010). Several schemes are now also under-development in sub-Saharan Africa, such



Innovative Methods 80

as the animal disease surveillance and response system (ADSARS) that is being rolled-

out in Kenya (Knobel pers comm.) and the rabies surveillance system operating across

sectors in Southern Tanzania (Mtema/Hampson pers comm.).

While there is a lack of cost-effectiveness studies for surveillance systems in general

(See Section 4), quantifying the costs for the deployment of new technologies would

be particularly valuable for determining whether such technologies are affordable in

developing countries. The major expenses associated with establishing and running

mobile-based surveillance systems are associated with the hardware required (Robert-

son et al., 2010) and a potential drawback with many of the mobile phone surveillance

applications that are currently in development is that they rely on expensive smart-

phones which are not widely available in resource-poor settings. It is anticipated that

as with previous generations of mobile phone technology, the costs of these smartphones

will fall rapidly (Freifeld et al., 2010) but there is also an argument for designing systems

that make better use of the kinds of phone technology that are already most widely

distributed. Cheap java-enabled mobile phones (≈ $100/handset) are widely available

in sub-Saharan Africa and the GSM network provides near universal coverage. Crude

calculations suggest that mobile-based systems reliant on current (and rapidly improv-

ing) infrastructure could be extremely efficient to maintain. Sending a detailed report

from a java-enabled mobile phone over the GSM network costs less than USD$0.001 in

Tanzania, while maintenance costs for a system piloted in Sri Lanka were estimated to

be less than USD$5/month per user (Robertson et al., 2010). These costs are poten-

tially lower than paper-based reporting and would also allow more efficient monitoring

of users. In the long-term, the capital costs of hardware are also likely to be compen-

sated by reductions in the requirement for data entry time (Yu et al., 2009). However,

the investment required for training users and the acceptability of mobile phones when

deployed on a large-scale has yet to be seen, but preliminary studies indicate that time

is needed to garner support for the implementation of alternative surveillance methods

(Robertson et al., 2010).

Although systems such as Alerta are based on the use of proprietary software, open

source software packages such as EpiSurveyor, RapidSMS, Java Rosa, FrontlineSMS

and Nokia Data Gathering are all now widely used and technical support for in-country
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partners is provided online. The Open Mobile Consortium (OMC, http://www.open-

mobile.org/) is a grouping of technical experts who collaborate to provide open-source

technical solutions so that software can be cheaply and easily adapted for specific local

needs, with the overall aim of enabling social change. A further obstacle though is that

most computer scientists and software engineers in the developing world are rapidly

employed by the more lucrative private sector. ICT specialists who can help establish

and maintain such systems are particularly important in developing countries, given the

inherent risks of switching from paper-based recording methods to electronic systems,

which are magnified by frequent power outages. Incentives are therefore needed to

attract qualified individuals who are capable of communicating effectively, navigating

the public health/ veterinary sectors and are willing to work for the public sector.

One of the key lessons learned from the Alerta experience in Peru is the importance

and value of building a surveillance system that makes the best possible use of exist-

ing capacities and networks. By building upon existing communications networks and

hardware, and by making imaginative use of these tools, it is possible to rapidly create

large-scale integrated networks for basic reporting without considerable investment in

‘new’ hardware and infrastructure (IOM, 2007; Soto et al., 2008). However, particu-

larly, when designed to use existing infrastructure and personnel, there is the potential

for the proliferation of mobile-phone based systems to overwhelm rather than assist

existing surveillance networks. As the rapid growth in mobile phone applications for

surveillance continues, care should be taken to ensure that integrated and efficient sys-

tems are established to meet the needs of stakeholders rather than generating a variety

of parallel reporting systems each with their own focus and possibly different hardware

and software requirements.

Mobile phone networks are unique amongst communication systems in their global

coverage and accessibility. By enabling access to existing networks of people, mobile

phones will perhaps provide the tool to address the key question of how to overcome

the limitations of paper-based systems and get data from the ground into the system,

particularly for those regions of the developing world that have been so badly served by

existing surveillance systems. If used in combination with other novel approaches such

as syndromic and sentinel surveillance, the use of mobile phone technologies offers the
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potential to generate comprehensive data on both animal and human health patterns in

a timely and cost-effective way (Soto et al., 2008; Robertson et al., 2010), and ultimately

to address the considerable gaps in global surveillance coverage that currently exist, for

the developing world particularly.

6.5.3 Digital pens

Digital pens are electronic data capture devices that record hand-written text in digital

format. Rather than acting as a replacement of more traditional paper-based surveil-

lance data recording systems, the digital pen allows the simultaneous record of a both

a paper-based and digital copy of recorded data. Digital pen data collection tools have

been selected for trial by several southern African Veterinary Services because of the

following advocated advantages:

• the approach is user-friendly in that it uses the pen and paper data collection

processes;

• the training required for its use by animal health technicians is simple and short;

• the digital pen is more durable and less expensive than most PDAs or laptops

• use ensures the availability of a backup paper copy when technology fails.

Whilst enabling the transition to digital data collection and management, the digital

pen is also something of a compromise technology in that its use can be integrated

within more traditional paper based recording systems and may perhaps prove par-

ticularly useful in settings in which deficiencies in communications and technological

infrastructures necessitate the maintenance of hard-copies of all data records.

6.6 Discussion

Common to all of these novel approaches is the ambition to achieve good surveillance

coverage of a population by making better use of existing sources of data, whilst min-

imising costs and maintaining flexibility. Many of the approaches described above
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represent departures from traditional surveillance structures within which careful mech-

anisms for the control, verification and response to data have been developed and val-

idated and there are concerns about this lack of coordination and regulation (Freifeld

et al., 2010). It is important to recognise these limitations but also to acknowledge

that these newer approaches are not proposed as alternatives to more traditional ap-

proaches, but should most usefully be considered as complementary tools that can be

used to supplement rather than replace data generated from more traditional surveil-

lance approaches (Brownstein et al., 2009; Freifeld et al., 2010). The value of many

of these approaches is likely to be greatest in the developing world, where more tradi-

tional approaches have been found lacking particularly in terms of the coverage that

they achieve.

It is also essential to recognise that the new communications technologies common to

many of these novel approaches serve only as channels through which information is

communicated and the fundamental role of the people who use that system cannot be

overlooked (Brownstein et al., 2009). These innovations are also likely to be susceptible

to the chronic problems of underinvestment that plague surveillance systems at the

grass roots level unless there is a fundamental shift in priorities. As, with any choice

about which surveillance system or tool to apply for a particular purpose it is always the

case that there are a range of options and that no single technological tool or systems

approach will be appropriate in all settings (IOM, 2007). Implementing electronic

systems (and using new tools more generally) is more complex than simply applying a

new technology (Soto et al., 2008) and it takes time and effort to generate support for

novel surveillance methods amongst stakeholders (Robertson et al., 2010). After initial

training in the use of new systems and technology, constant monitoring is also required

to ensure that the system functions well (Soto et al., 2008). A surveillance system

can be perfectly designed in terms of its technological components but if the users of

the system have not understood its objectives and tools then the system will not work

(Meynard et al., 2008). In all cases, care is needed in selecting the right combination

of devices and systems for the purposes of any given surveillance and reporting activity

and this selection is likely to be best aided by field trials with the active involvement

of key stakeholders.
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6.7 Conclusions

There is a growing literature on the use of innovative methods of monitoring zoonotic

disease incidence and in the current context of discussions about the design of global

surveillance system for zoonoses, the potential offered by less traditional surveillance

approaches should be evaluated. This review of the literature on innovative surveillance

approaches has identified a number of gaps in current knowledge and capacity in this

area:

• Innovative surveillance approaches have mostly been applied to human health

surveillance rather than animal surveillance or linked surveillance of both popu-

lations;

• There are relatively few examples of application of these approaches in developing

country settings;

• There is a lack of systems for electronic capture of patient clinical data for storage

or analysis, in the animal sector especially. This capacity gap applies to both the

human and animal sectors in many developing country settings, limiting the op-

tions for application of analytical techniques that can detect for example changes

in health-seeking behaviour or unusual disease syndromes;

• There is a lack of standardised disease-coding systems for animal diseases and

syndromes (analogous to the ICD systems in the human sector). This deficiency

greatly complicates the analysis and comparison of disease incidence data across

communities. Even in the human sector, those systems that do exist are not

always systematically applied and as a consequence there are no accessible baseline

data against which ‘new’ data can be compared.

• There is a lack of inexpensive and simple diagnostic tests that can be readily

adapted and applied to samples collected from a range of animal species

• There has been little work on the quantitative methodologies that can be used to

link and analysis data from human and animal populations
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To address many of these deficiencies, we recommended a single solution, namely in-

vesting in trialling these approaches further. In terms of the likely priority settings for

surveillance investment - namely rural areas in developing countries in which widespread

livestock-keeping and current infrastructural deficiencies combine to ensure relatively

high risks and impacts of zoonotic disease - we would argue that investment should be

focused towards:

• development and field trialling of mobile-phone based automated animal and hu-

man health data collection and manipulation systems that ensure that information

is made available for analysis and feedback in a timely manner;

• these systems may be based on the collection of many types of data and should

prioritise two-way communication to enhance sustainability

• these systems can be explicitly designed to benefit data collectors through for

example the provision of diagnostic support and information feedback (See Section

5);

• the use of participatory epidemiology approaches to examine local understanding

of zoonotic disease risk, determine local priorities for surveillance and control and

identify locally appropriate potential interventions;

• the use of sentinel and syndromic surveillance approaches to gather broad-scale

baseline data on animal disease incidence.

In all cases these approaches should be designed and implemented to enable ongoing

evaluation of the system and include assessment of reporting practices by the different

stakeholders involved. There is also a need to design and evaluate systems for turning

observations of disease in animals into useful advice regarding human and animal risk

and possible behaviour modifications.



Chapter 7

Surveillance budgets

7.1 Summary

Data on the budgets for livestock and human disease surveillance and monitoring ac-

tivities at both the international and global levels can be used to provide estimates of

the additional investments required to achieve an effective global surveillance system

for zoonoses. However, data on the costs of surveillance at both the national and inter-

national levels and on the availability of funds for surveillance and monitoring activities

are not readily accessible. Here, we present data from the small number of studies that

have attempted to quantify the costs of surveillance for influenza and zoonoses on the

global scale, national veterinary health systems and integrated human health systems

in developing country settings. The data presented highlight the current deficiencies

in the quantity and quality of data on the costs of surveillance activities as well as the

lack of systems and methodologies that exist to enable collection of these data.

We identify four research and policy areas to target for future investment:

• The methodological means of collecting the required data on surveillance costs at

the national and sub-national levels.

• The lack of evidence required to allocate international resources for surveillance

improvements according to need

86
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• The current lack of incentives to collect these data at the national level and share

them with the international community

• The lack of an assessment mechanism for demonstrating the value of investment

and the impacts that are achieved

To address these deficiencies and develop more accurate estimates of the costs of zoono-

sis surveillance, both the proximate and ultimate explanations for these current data

gaps must be addressed. Specifically, methodological studies targeted at designing and

field-testing new data collection tools will be required and we advocate the adaptation

of existing international tools such as the WHO IHR and OIE PVS to include the col-

lection of data on both surveillance costs and performance that can be compared across

national settings. To incentivise the use of such tools we argue that the provision of

donor funds to enhance national surveillance capacities could be made contingent upon

participation in such a data collection and assessment scheme. This will encourage the

collection of these standardised data on both costs and performance, simultaneously

enhancing the volume and quality of data available to quantify surveillance costs and

also providing a mechanism for the assessment of the value of investments made in

relation to performance enhancements achieved.

7.2 International surveillance

Traditionally, individual countries have taken responsibility for funding their own surveil-

lance systems. However, the global nature of the threat posed by H5N1 influenza A and

recognition that many low-income countries lacked the resources to provide sustainable

funding for surveillance and response activities prompted the development in 2005 of

new global systems of financing and collaboration adopted to meet this challenge. At a

meeting of international partners in 2006, a financing framework for fighting animal and

human influenza on the global scale was developed and as of October 2008, donors had

committed US$2.0 billion to this framework. The funds have been divided to support

country programmes (US$853 million), international organisations (US$510), regional

programmes (US$301) and other recipients, including research (US$386) (FAO et al.,
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Table 7.1: Financing gaps for country-level control programmes for avian and human
influenza (Based on funds committed as of April 008, US$ million) (FAO
et al., 2008; The World Bank, 2010)

Region Needs (2006-2008) Available financing Remaining gap

Sub-Saharan Africa 589 149 440
East Asia and Pacific 935 656 279
Europe and Central Asia 247 228 19
Latin American and Caribbean 17 17 0
Middle East and North Africa 233 150 83
South Asia 149 134 15
All regions 2,170 1,334 836

2008; The World Bank, 2010). For each country included, individual estimates of the

funding required for national programmes to achieve control of avian and human in-

fluenza specifically were made, as well as quantification of the actual funding available

and the remaining shortfall. These figures are summarised in Table 6 (FAO et al., 2008)

(Details of the methodology for these estimates are given in FAO et al. (2008)). More

than half of the overall financing gap identified in the international effort to control

influenza was associated with insufficient resources to tackle influenza in Sub-Saharan

Africa, and there were also considerable deficiencies in the East Asia and Pacific and

Middle East and North Africa regions (FAO et al., 2008; The World Bank, 2010).

Based on the experiences of financing the international response to recent influenza A

threats, estimates have been made of the costs of funding a “One World One Health”

(OWOH) framework, that would serve as a permanent global surveillance system and

function to ‘diminish the risk and minimise the global impacts of epidemics and pan-

demics due to emerging infectious diseases’ (FAO et al., 2008; The World Bank, 2010).

The estimated budget required to fund such a framework is summarised in Table 7.2.

In brief, the cost estimates were generated at the country level and are based on the

human and livestock populations of each country, the land area for wildlife and the

costs of developing and maintaining infrastructure (based on the economic status of

the country). Further details of the methods and costs sources used to generate these

estimates are given by The World Bank (2010). These figures are of course based on

a number of assumptions and the estimation of the levels of risk that are acceptable

to the global community are particularly hard to pre-define. As a consequence, the



Surveillance budgets 89

Table 7.2: Estimated costs of funding a ‘One World, One Health’ (OWOH) framework
to 2020 (US$ million, IDA = International Development Association, IBDR
= International Bank for Reconstruction and Development) (FAO et al.,
2008; The World Bank, 2010)

Cost 49 Low-income countries All 139 eligible countries
(IDA and IBRD eligible)

Public health services 1,264 3,083

Veterinary services 3,286 5,476

Wildlife monitoring 1,495 2,495

Communication 583 1,167

International organisations 3,180 3,475

Research 420 420

Total 10,228 16,116

Average per year 852 1,343

Average per country for the
period

208 116 (average for middle in-
come countries only)

authors of these estimates themselves recognise that generating such estimates “is an

art, not a science” (The World Bank, 2010).

7.3 National animal health surveillance

At the national level, a recent study was conducted to estimate the ‘peace time’ costs of

Veterinary Services and the overall cost of national prevention systems for animal dis-

eases and zoonoses in developing and transition countries (Civic Consulting, 2009). The

authors of this report developed a methodology for direct measurement of expenditure

on National Prevention Systems (NPS, defined as, “Sum of all services and activities of

the public Veterinary Services and other relevant public providers at national and sub-

national level allowing early detection and rapid response to emerging and re-emerging

animal diseases, including the services accredited to private veterinarians undertaking

public service missions financed from the public budget”) and applied this approach to
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Table 7.3: Summary costs of NPS in 7 countries for 2007. All figures are in interna-
tional dollars. Costs covered by donor programmes not included. (Data
from Civic Consulting, 2009)

Country Total NPS Costs (000) NPS Costs per VLU

Costa Rica 11,172 8.18
Kyrgyzstan 10,043 5.69
Mongolia 21,086 3.30
Morocco 46,811 7.25
Turkey 166,962 9.40
Uganda 16,888 1.92
Vietnam 67,356 3.85

assess expenditure in seven case study countries (Costa Rica, Kyrgyzstan, Mongolia,

Morocco, Turkey, Uganda and Vietnam) (Civic Consulting, 2009). The authors faced

a number of methodological challenges during this assessment including the principal

problem of the poor availability of data. Attempts to obtain data on NPS costs re-

motely were unsuccessful and they were only able to generate the cost data required

by physically visiting the study countries and directly compiling the data on site (Civic

Consulting (2009) & Alleweldt pers. comm.). National expenditure on NPS varied con-

siderably between countries (from $10,043,000 in Kyrgyzstan to $166,962,000 in Turkey.

See Table 7.3). Expenditure did vary with the size of the national livestock population

(quantified as Veterinary Livestock Units (VLU)) and there was a ‘strong’ association

between GDP and total public expenditures for National Prevention Systems. Concern-

ingly though, the data also indicate that expenditure on national prevention systems

was more of a reflection of a country’s capacity to pay, than of its veterinary require-

ments (Civic Consulting, 2009).

Staff costs represented up to three quarters of all NPS costs in the case study countries,

and better data on the number of staff employed at all levels of the public Veterinary

Services would therefore greatly enhance capacity to quantify expenditures for addi-

tional countries (Civic Consulting, 2009). Such data are currently published through

the OIE WAHID website but the accuracy and detail of these data are limited and the

authors also found that the central public Veterinary Services in a number of the coun-

tries visited were not aware of the number of veterinary personnel at the sub-national
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level (Civic Consulting, 2009). With such basic deficiencies, it is currently very diffi-

cult to quantify investment in animal population surveillance with any real degree of

accuracy. The authors of this OIE funded study noted that there were very few ex-

isting data on the costs of veterinary surveillance systems prior to their report (Civic

Consulting, 2009).

7.4 National human health surveillance

There is a larger literature on the economics of health surveillance in the human sector

but the majority of studies conducted to date have focused on individual diseases and

few have looked at the costs of surveillance overall (Somda et al., 2009). The WHO

African region has adopted a regional strategy, the Integrated Disease Surveillance and

Response (IDSR), through which member countries undertake to improve infrastruc-

ture and capacities required for the surveillance of a number of priority communicable

diseases. A recent study analysed the incremental costs of establishing and operating

surveillance under the IDSR scheme and compared these to overall surveillance costs

(Somda et al., 2009). This study was similar in design to the assessment of the cost

of veterinary surveillance systems described above and involved collection of data on

the costs of all human health-related surveillance and also included costs that were

specifically attributable to the IDSR. These data were collected specifically for this

study using newly designed data collection tools, again revealing the absence of exist-

ing data on which to base this kind of assessment (Somda et al., 2009) The costs of

health surveillance activities for three African countries are summarised in Table 7.4

and Table 7.5.

As for veterinary surveillance systems, personnel costs represented a considerable pro-

portion of all annual human health-related surveillance costs at the regional (10-47%)

and district levels (16-44%) in the study countries (Somda et al., 2009). Overall, there

is considerable variation in costs of human disease surveillance across these study coun-

tries and full understanding of this variation will require further study (Somda et al.,

2009). It is therefore, very difficult to extrapolate from these data at present to generate

estimates of surveillance costs in other countries and settings.
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Table 7.4: Mean annual costs (in 2002 US $) of all human disease surveillance systems
in three African countries (over the period 2002-2005) (Somda et al., 2009)

Country Health structure level Mean annual costs of all
(n units) disease surveillance systems

Burkina Faso Region (4) 137,566
District (14) 51,296
Primary health care centre (20) 5,196

Mali Region (3) 111,584
District (3) 51,354
Primary health care centre (3) 5,851

Eritrea Province (1) 205,333
District (1) 28,220

Table 7.5: Mean annual per capita disease surveillance and total health care costs (in
2002 US $) for three African countries (over the period 2000-2005) (Somda
et al., 2009)

Country All health-related Total IDSR Total National Govt. only
surveillance strategy expenditure on National expenditure

health on health

Burkina Faso 0.136 0.036 15.86 6.86

Eritrea 0.66 0.157 8.14 4.86

Mali 0.05 0.020 13.60 7.00

At the global level, the WHO national health accounts (NHA) scheme is designed to al-

low monitoring of trends in health funding, allocation and spending at the national and

regional level, by providing an accounting framework that can be consistently applied

across countries. Guidelines for the production of NHA at the country level include

consideration of activities such as ‘reporting/notification of certain communicable dis-

eases and epidemiological enquiry of communicable disease’, which would fall within

most definitions of monitoring and surveillance. Unfortunately however, a range of

activities consistent with surveillance and monitoring are included under two distinct

health care function definitions (HC.6 and HC.7) and both classifications also include

activities that would not be included in many definitions of surveillance (WHO, 2003).

As a consequence, there is no mechanism at this time for extracting costs allocated to
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surveillance activities specifically from NHA. This problem recurs with other budget

systems, as mechanisms for the allocation or partitioning of costs to a surveillance bud-

get stream are rare and there are consequently few methods and resources that allow

the quantification of a ‘surveillance budget’.

7.5 Discussion

Overall, it is currently extremely difficult to identify and compare data on budgets and

expenditure for surveillance for both the animal and human health sectors. Consider-

able gaps exist in the availability of accurate data on surveillance costs and in those

cases where data or at least approximate estimates are available, they reveal additional

funding gaps in the resources required to carry out surveillance control in the develop-

ing world (FAO et al., 2008; The World Bank, 2010). A key explanation for the current

absence of good quality surveillance budget data is that it is very difficult to define

expenditure on surveillance. Many activities that are considered part of a surveillance

system are also considered as part of other systems and are therefore also covered under

other budgets and the allocation of these partial costs to surveillance is not straight-

forward. Data on the costs of surveillance are also not always made publicly available.

This may often be due at least in part to the difficulties in defining surveillance costs

but there are also likely to be a range of explanations for reluctance to share those

data that do exist which will themselves vary across settings (See Chapter 5). In re-

source limited settings, the upfront investment required to assess either the costs or

performance of surveillance systems can be difficult to justify when faced with imme-

diate demands on resources and the probable lack of funds to meet the future costs

identified. In those cases where at least approximate estimates of the funds required

to achieve effective surveillance are available, they reveal particular gaps in terms of

the availability of funds required to carry out disease surveillance and control in the

developing world (FAO et al., 2008; The World Bank, 2010).
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7.6 Conclusions

Several major gaps have been identified in current capacity that greatly limit the use

of data on the costs and budgets available for surveillance to inform the allocation of

future resources. These include:

• The methodological means of collecting the required data on surveillance costs at

the national and sub-national levels;

• The lack of evidence required to allocate international resources for surveillance

improvements according to need;

• The current lack of incentives to collect these data at the national level and share

them with the international community;

• The lack of an assessment mechanism for demonstrating the value of investment

and the impacts that are achieved.

In order to tackle the following gaps in capacity several linked approaches should be

taken:

• Methodological research should be conducted to develop and ‘field-test’ techniques

for allocating costs to zoonosis surveillance. This will involve the development

of common standards and guidelines for partitioning the costs of activities that

contribute to surveillance in both the animal and human sectors and for collecting

these data, initially at the national level. Existing techniques and tools developed

for the human health setting (e.g. WHO NHA and see Civic Consulting (2009))

can be adapted and applied to the animal health and zoonoses surveillance con-

texts. This process should involve representatives from both sectors to ensure the

applicability of tools for both settings and also the explicit inclusion of zoonosis

surveillance specific costs that involve investment of resources from both sectors;

• For the international community to invest in improving the global system as a

whole it is important to develop standard measures of surveillance system perfor-

mance so that investments can be most effectively targeted to current capacity
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gaps. Adaptation and expansion of existing internationally applicable tools for

performance assessment such as the IHR and OIE PVS is advocated;

• On the international scale, the provision of funds by the international commu-

nity to first assess and then enhance national level surveillance capacities could

be made conditional upon compliance with a system for quantifying the costs

and identifying shortfalls in current funding whilst simultaneously assessing the

current status of surveillance systems and identifying targets for future improve-

ment. In this way, the collection of data on costs and performance at the national

level would be encouraged by enhancing the probability of receiving international

funds to tackle the deficits identified;

• One option that has been advocated to ensure effective use of funds provided for

an international surveillance system is to link economic indicators of investment

requirements with assessments of surveillance sector performance (Civic Consult-

ing, 2009). If the provision of donor funds to recipient countries was conditional

on compliance with a scheme based upon the existing IHR and OIE PVS systems

to define and quantify both costs and performance, this would simultaneously

improve the accuracy of the estimates of the investment required, provide per-

formance benchmarks that resources could be targeted to achieve and also to

improve the transparency of the system and enable better evaluation of the im-

pacts of investments provided.



Chapter 8

Synthesis of findings

8.1 Summary

The principal objective of this study has been to provide advice on future priorities

with respect to the identification of zoonoses hotspots. To do this, it is essential to

make a clear distinction between disease emergence hotspots and existing hotspots

of endemic zoonoses, disease epidemics and neglected tropical diseases (Perry et al.,

2011). Much of the recent thinking about where to conduct surveillance of zoonoses

has focused upon the identification of zoonosis emergence hotspots (Jones et al., 2008;

PREDICT Consortium, 2010) at which novel pathogens may emerge in future. We

argue that from a development perspective particularly, there should instead be a focus

upon tackling and reducing the considerable negative impacts of zoonoses upon the

global population. This can be achieved by focusing investment in surveillance upon

areas of the world in which zoonoses are currently imposing considerable burdens and

upon those pathogens for which cost-effective options for disease control already exist

(Molyneux, 2008; Maudlin et al., 2009).

Effective surveillance is essential to identify and ultimately control these existing zoonoses

hotspots. As discussed in this report, many of the data required to use traditional data-

based surveillance methods to identify existing zoonosis hotspots and priority areas for

investment are currently lacking and the historical negative influence that this lack

96
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of data has had upon investment in zoonotic diseases has been widely documented

(Maudlin et al., 2009). There is a need therefore to simultaneously address these data

gaps and also employ new surveillance methodologies that are not dependent upon

these traditional but flawed data sources.

The provision of an effective human and veterinary public health response to tackle

zoonoses is dependent upon the acquisition and processing of comprehensive, accu-

rate and timely information on both public health threats and capacities to address

them. Obtaining, interpreting and acting upon these data are the core functions of

any surveillance system. Although the fundamental value of surveillance activities is

rarely disputed, there are many cases and settings in which there has been insufficient

investment in surveillance capacities and these have contributed to considerable gaps

in capacity on the global scale. The challenge is to understand the factors that have

contributed to these gaps and to identify ways of addressing them.

The wide range of stakeholders involved in the design and operation of zoonosis surveil-

lance systems creates potential for conflicts of approach resulting from the different

motivations and viewpoints. However, it is increasingly recognised that by focusing

on the common capacities required by the surveillance systems that would benefit all

stakeholders, the apparently disparate requirements of these groups can and should be

reconciled and inclusive systems conceived (King et al., 2006; FAO et al., 2008; The

World Bank, 2010). To achieve this, investment must be focused towards building

surveillance systems that include surveillance of both animal and human populations

and include both endemic and pandemic (or epidemic) pathogens (FAO et al., 2008;

The World Bank, 2010). The core capacities required for the effective surveillance of

all pathogens are common, and investment in any system designed to tackle zoonoses

overall, rather than a single pathogen in isolation is likely to lead to grassroots level

benefits on a locally relevant disease-by-disease basis, whilst simultaneously enhancing

the capacity of national and ultimately global systems to detect and respond to all

zoonotic threats (FAO et al., 2008).

It is important that the best possible use is made of existing surveillance capacities

and that future investment is directed towards achieving better integration of existing

systems and to identifying and filling gaps in coverage. Many of the greatest benefits
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achieved through previous investments in surveillance capacity have been through the

development of core surveillance capacities, and the ‘successful’ systems are frequently

those that have built upon existing capacity to adapt and tackle new surveillance chal-

lenges (e.g. the expansion of the Global Polio Eradication Initiative network to tackle

multiple pathogens, and see (Hitchcock et al., 2007; FAO et al., 2008; The World Bank,

2010; Wilson et al., 2010)). Key advantages of this kind of approach include avoiding

duplicating resource investment, not alienating members of established systems and

developing locally appropriate systems. A model for this type of system integration

is provided by integrated disease surveillance and response (IDSR) systems developed

in the human health sector. The IDSR approach involves recognition that surveillance

activities for different diseases often involve similar functions, structures, processes and

personnel and promotes the integration of common activities to achieve cost-effective

use of resources (Somda et al., 2009). Although there are additional challenges associ-

ated with bridging disciplinary boundaries, this model can be extended beyond human

health to encompass the animal health sector. This is to some extent already happen-

ing, and the recent edition of the WHO/CDC IDSR guidelines for the Africa region

emphasises the ‘One World, One Health’ perspective, and the potential for integration

across these disciplines (WHO and CDC, 2010).

The recently proposed international framework through which global zoonosis surveil-

lance can be enhanced (FAO et al., 2008) is a multi-pathogen system overall but in

practical, on the ground terms it will involve focusing on individual pathogens at the

national or regional level. The funding model where funds were distributed at the

country level was key to the successes of global efforts to contain influenza A outbreaks

(FAO et al., 2008; The World Bank, 2010) and the encouragement of in-country ca-

pacity building is also seen as key to the sustainability of such investments (Hitchcock

et al., 2007). After allocation at the national level, the targeting of future investments

in zoonosis surveillance should be based on the assessments of ‘priority diseases’ at

the national and sub-national levels. The reasons for the historical neglect of endemic

zoonoses across developing countries include the fact that these diseases affect predom-

inantly poor and marginalised communities, and that current tools for priority setting

such as burden of disease measures have penalised endemic zoonotic pathogens par-

ticularly (Maudlin et al., 2009). As a result, policy-makers have had little interest in
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committing resources for disease surveillance or control, which perpetuates the cycle

of neglect. It is also clear that priority setting for resource investment has also been

distorted by disproportionate media attention and fear and there is a need for the de-

velopment of more rational tools for the assessment of zoonotic disease impacts and

priority setting at the country level that better describe the considerable burdens im-

posed by endemic pathogens as well as the potential threats associated with emergence

events.

Despite considerable improvements over recent years, there is still a need to facilitate

greater geographical and disciplinary integration for zoonosis surveillance and two key

changes in perception are required. First, a shift to a global mindset (amongst policy-

makers and funders particularly) (Hitchcock et al., 2007) and second, a universal need

to build understanding of one health approaches in order to overcome the prevailing

perception of “Us vs. Them” and foster an understanding of “Shared Risk” (Rabinowitz

et al., 2008). In the developing world especially, where investment in surveillance has

been limited, there is a need to effectively create a ‘culture of surveillance’, which is

essential to the effective functioning of any surveillance system (Soto et al., 2008). To

achieve this, investment is required in the key resource and capacity of any surveillance

system, the people that the system consists of (Robertson et al., 2010). The first step

in this process will be to identify the networks of people from both the public and

private sectors that are potential reporters but who are currently under-utilised for

surveillance. This may include, for example, health care workers, veterinary profession-

als, farmers, butchers, abattoir workers and a range of other groups. Social network

analyses of these groups could help to identify key data providers and maximise the

efficiency and cost-effectiveness of their inclusion within reporting networks (Hoinville

et al., 2009). Having identified these potential participants in surveillance, social science

investigations should be conducted to try to understand current barriers to their inclu-

sion within surveillance systems and to explore how those barriers could be overcome.

At this point, the potential value of less conventional data sources and communications

tools in enabling reporting by these different stakeholders should also be considered as

the key potential benefit of using novel data collection approaches and technologies lies

in the capacity to empower networks of stakeholders to contribute to surveillance (IOM,

2007). Within a surveillance system, stakeholders need to understand why surveillance



Synthesis of findings 100

is valuable, why their efforts are useful and that their time is not being wasted (Soto

et al., 2008). In those cases where effective surveillance systems have been established in

developing world settings, education has been identified as the key solution relating to

the inclusion and action of people within the system (Soto et al., 2008; Robertson et al.,

2010). Establishing a ‘notification culture’ is not something that will happen rapidly,

it can take many years and will require political support and considerable investment

(Soto et al., 2008).

This approach to designing better systems for zoonosis surveillance will also require

the development of new tools for the assessment of existing capacities, identification

of gaps in coverage and a new social science influenced approach to the understanding

of when and why individuals at all levels in surveillance systems do or do not act to

detect, report or respond to individual pathogens. Developing these approaches will

take time and in practical terms, we propose that future research and investment should

initially be focused upon a small number of developing world countries in which local

scale in-depth case-studies could be conducted. The selection of these sites should be

based upon existing knowledge and informed by subject and pathogen specific experts.

Ideally, these sites should be ‘current’ zoonoses hotspots that are at sites of interface

between humans, livestock and wildlife populations. They should also be focused in

areas for which existing data indicates that investment in the control of an endemic

zoonosis could have the greatest beneficial impacts upon both human and animal health.

In each site, the first steps should involve the description of any existing surveillance

systems (both animal and human) and the full range of stakeholders involved, followed

by an assessment of where there are current gaps in coverage and identification of

the existing barriers to effective surveillance and response (see Baker et al. (2010)).

Although the combination of barriers and obstacles that apply in different settings, as

well as the appropriate responses, will vary, the focus upon a small number of sites

in the first instance will provide a context in which the tools required to make these

assessments on a wider scale can be developed.

The longer-term sustainability of any surveillance system depends on the degree to

which participation in that system achieves an appreciable useful response and upon

the degree to which the provision of that response does lead to ongoing investment by
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stakeholders in maintaining and contributing to the surveillance system. It is therefore

essential that these case studies are designed to generate two key outcomes. First, to

develop and implement locally appropriate and effective control programmes for the

important endemic zoonotic pathogens at each site and second, to develop monitoring

systems that provide feedback on both the efficacy of the control measures implemented

(in terms of epidemiological impact upon the target pathogen), and also on the degree

to which the provision of a useful response does function to encourage reporting and

engender an understanding amongst stakeholders about the value of ongoing surveil-

lance. These data would enhance understanding of how to tackle existing problems

with zoonotic diseases and also help to better understand how a culture of surveillance

can be achieved, so that successful strategies could be adapted and applied across other

settings with the ultimate aim of reducing the multiple burdens of zoonotic pathogens.
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Terms of Reference: 

Zoonoses (Project 3) 
Surveillance and monitoring of zoonoses 

 
Introduction 
A study on the costs and benefits of surveillance and monitoring of selected 
zoonoses 
 
Objective: The objective of this study is to provide advice on future priorities 
with respect to the identification of potential zoonoses hotspots. To do this the 
study will critique of the costs and benefits of surveillance and monitoring of 
key neglected (e.g. cysticercosis and brucellosis) and emerging (e.g. avian 
and swine flu) zoonoses and identify lessons of the usefulness of past 
investments in surveillance and monitoring systems.   
 
The Scope: 
The scale of investment in surveillance and monitoring systems is 
understandably very variable around the world. OECD countries have high 
levels of surveillance while many developing countries (especially those which 
don’t export livestock or livestock products) have little incentive to invest. This 
disparity results in maps of the origins of the emergence of disease which are 
biased by data availability. It is not only the cost, however, which limits the 
usefulness of the data. There is also a disparity between countries in the 
accuracy of the data recorded, due to differences in the incentives/regulations 
with respect to accurate reporting of the incidence of zoonotic  diseases. A 
further issue relates to the perceived disadvantages to some countries of 
sharing the information collected.  
 
The consultants will be expected to address the objective by undertaking the 
following tasks: 
 

i) undertake a Systematic Review of where (geographically on a 
global basis and in terms of impact and by public/private sector) 
surveillance of livestock disease and human disease is being 
carried out. Assess what has or has not been cost-effective and the 
underlying reasons; 

ii) analyse the issues surrounding the recording, reporting and acting 
upon such surveillance data in developing countries from a socio-
economic  perspective (e.g to include consideration of governance 
arrangements, capacity for handling data and constraints to sharing 
data); 

iii) review the literature (published and emerging) on innovative 
methods of monitoring zoonotic disease incidence including the use 
of proxy indicators (e.g. animal productivity); 

iv) summarise the budgets for livestock and human disease 
surveillance and monitoring activities at both national and global 
levels; 

v) analyse all the information gathered and provide a synthesis report 
which identifies the lessons of the usefulness of past investment 
and can be used to inform decisions on future priorities for 
investment with respect to the identification of potential hotspots. 



Terms of Reference: 

Expertise in team:  
It is expected that a multi-disciplinary team will be required to undertake this 
piece of work including economists, social scientists, vets, and experts in 
governance and data management. 
 
Reporting  
The supplier will report to a Steering Group chaired by Professor Maggie Gill, 
Senior Research Fellow in DFID and which will involve DFID and partners 
from international organisations and UK research funding bodies.  
 
Two separate but complementary studies are being externally commissioned  
at the same time on:’ Characterising livestock systems zoonoses hotspots’ 
and’Wildlife/domestic livestock interactions’. One of the roles of the Steering 
Group will be to facilitate interaction between the projects (where appropriate) 
and thus it will include sufficient disciplinary expertise to cover all aspects of 
the 3 projects. 
  
An inception meeting will be held with the Steering Group within the first 2 
weeks of the project and either a written or verbal report is expected to be 
given to the Steering Group half way through the project. A draft final report 
will be submitted at least 2 weeks before the workshop, a presentation made 
at the workshop and the report finalised within one month of the workshop. 
 
Output: The main outputs will be a written report and a presentation at a 
workshop as a follow-up to the one held in December 2009.     
 
Timeframe  
The workshop (to be organised by DFID) is expected to be held early in 2011.   
 
Background 
A workshop entitled: ‘Potential for policy interventions to minimise the risk 
from zoonoses as livestock systems respond to growing demand´ was 
organised by DFID in December 2009 to examine the proposition that: ‘the 
identification of potential hotspots for the emergence of zoonoses has 
the potential to lead to the identification of interventions which would 
mitigate that risk’. 
 
The workshop was attended by 37 participants including representatives from 
FAO, World Bank, OIE, GTZ, European Commission and UK Research 
Councils. The following Key issues were identified and conclusions reached. 
 
Key Issues and Conclusions:  
 
1. While the intensification of livestock systems is an important driver, it is also 
how these systems interact with wildlife that is crucial to new zoonotic disease 
entering the human environment. Understanding these interactions and how 
land use changes influence the nature of these interactions is important to 
further our knowledge of potential new outbreaks.  
 



Terms of Reference: 

2. There are significant gaps in our knowledge and scope for further research, 
but there should be greater consideration given to the questions that need 
answered and who the end users of research are before deciding on research 
commissioning.  
 
3. Enhanced surveillance and monitoring would provide useful information but 
there needs to be greater evidence that this is cost effective as well as 
addressing issues surrounding capacity and how this knowledge is managed 
and shared.  
 
4. While emerging zoonoses often have their base in neglected or endemic 
zoonoses and there is significant overlap between the two groups, policy 
makers see them as quite separate issues. The overlap in relation to disease 
emergence merits a higher profile.  
 
5. There needs to be a greater appreciation of how policy is made and how 
the international and national political, economic and social environments 
influence decisions.  
 
6. Communication of the risk and the impact of zoonoses needs to improve.  
 
7. A broader group of experts should be included in the discussion, including 
more representatives from developing and rapidly urbanising countries, 
veterinary, medical and public health groups, knowledge management and 
the modelling community.  
 
Many discussions on tackling zoonoses end with recommendations on the 
need to improve surveillance and monitoring systems, based on the cost of 
infectious disease (estimated at £3bn for avian ‘flu). A comment was made in 
the workshop discussion that ‘current best estimate to build an effective 
surveillance system is around $8 bn a year over 8 years’. One of the aims of this 
project is to challenge that statement with evidence.  
 
No next steps were agreed at the workshop, but there was no doubt amongst 
the participants that zoonoses is a major policy area where evidence is 
lacking. There remain significant gaps in our knowledge and there is a need 
for more evidence to properly frame the questions that need answered.   
 
A copy of the workshop report can be accessed at: 
http://www.livelihoodsrc.org/project-page.php?id=25  
 
. 
Format for Proposal: 
 
Should be on the form included as Annex A 
 
Payment 
Money should be invoiced after the inception meeting, delivery of the mid-way 
report and after acceptance of the final report. 
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Table C.1: BioCaster System Summary

System Name BioCaster

Purpose BioCaster is a public health surveillance system that pro-
vides an early warning monitoring station for epidemic and
environmental diseases (human, animal and plant)

Location/Coverage Global with a priority for Asia-Pacific languages and health
hazards

Setting The BioCaster system has two major components: a web/-
database server and a backend cluster computer equipped
with a variety of ontology-based text mining algorithms
which continuously scan hundreds of RSS newsfeeds from
local and national news providers

Population Humans and animals (zoonoses)
Year started 2006
Organisations involved National Institute of Informatics, National Institute of Infec-

tious Diseases and National Institute of Genetics, Okayama
University, Vietnamese National University at Ho Chi Minh
City and Kasetsart University

Syndromes and/or
pathogens/diseases
under surveillance

Infectious disease outbreaks

Single/Multiple Multiple
Data collection Aggregating online news reports and processing them auto-

matically, using human language technology, to spot unusual
trends

Data handling and anal-
ysis

The system, which continuously analyses documents re-
ported from over 1700 RSS feeds, consists of four main
stages: topic classification, named entity recognition (NER),
disease/location detection and event recognition

Output/response The text mining system has a detailed knowledge about the
important concepts such as diseases, pathogens, symptoms,
people, places, drugs etc allowing semantic indexing of rel-
evant parts of news articles and classifies them for topical
relevance and plots them onto a Google map using geocoded
information. Higher order event analysis is used to detect
more precisely specified warning signals that can then be
notified to registered users via email alert

Animal/Human/Both Both
Funding National Institute of Informatics (NII) and the Japan Sci-

ence and Technology Agency’s PRESTO fund
Cost to user Web access free and free email alerts to registered users



Appendix C. Surveillance System Summaries 113

Table C.2: European Food Safety Authority (EFSA) Zoonoses Unit System Summary

System Name European Food Safety Authority (EFSA) Zoonoses Unit

Purpose To provide information to support risk managers in taking
effective and timely decisions related to protection of hu-
mans from the zoonotic infections and also to provide infor-
mation for risk assessors

Location/Coverage Europe
Setting The Unit is assisted by the Task Force on Zoonoses Data

Collection, which comprises of representatives of Member
States, other reporting countries as well as WHO and OIE

Population Humans and animals (zoonoses only)
Year started Not given
Organisations involved EU Member States
Syndromes and/or
pathogens/diseases
under surveillance

Zoonoses

Single/Multiple Multiple
Data collection The Member States and some other reporting countries sub-

mit each year data on zoonoses, zoonotic agents, antimi-
crobial resistance, microbiological contaminants and food-
borne outbreaks to EFSA and European Centre for Disease
Prevention and Control (ECDC)

Data handling and anal-
ysis

The Unit on Zoonoses Data Collection (Zoonoses) collects
and analyses data on occurrence of zoonoses, zoonotic agents
in food, feed and animals as well food-borne outbreaks in the
EU. In addition it gathers data on antimicrobial resistance
in certain zoonotic agents and occurrence of microbiological
contaminants

Output/response Prepare risk assessments in response to Commission man-
dates and work undertaken on EFSAs own initiative; sup-
port the re-evaluation of authorised substances, such as food
additives and flavourings; support the development of guid-
ance for risk assessment and publishes annual Community
Summary Reports based on collected data

Animal/Human/Both Animals and zoonoses in humans
Funding European Union
Cost to user Free
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Table C.3: EpiSPIDER System Summary

System Name EpiSPIDER

Purpose The EpiSPIDER project is designed to serve as a visualisa-
tion supplement to the ProMED-mail reports (See below) by
displaying topic intensity information on a map. The topic
and location information are also converted into RSS feeds

Location/Coverage Global
Setting Each news report that has location information is linked

to relevant demographic- and health-specific information
(e.g., population, per capita gross domestic product, public
health expenditure, and physicians/1,000 population) pro-
viding different contexts for viewing emerging infectious dis-
ease information. Context-sensitive links to recent and rele-
vant scientific literature for each ProMED-mail report topic
are also provided

Population Humans and animals
Year started 2006
Organisations involved ProMED-mail, Google Earth
Syndromes and/or
pathogens/diseases
under surveillance

Combines data-mining for emerging infectious disease con-
tent with information from other Internet sites such as the
Global Disaster Alert Coordinating System (GDACS) web-
site

Single/Multiple Multiple
Data collection Natural language processing is used to transform free-text

content into structured information that can be stored in a
relational database. Location names are parsed from these
reports and geo-referenced using the geo-referencing services
of Yahoo Maps

Data handling and anal-
ysis

Extracted information is automatically transformed into
other formats, e.g., RSS, keyhole markup language, and
JavaScript object notation (JSON), a human-readable for-
mat for representing simple data structures

Output/response Enabling faceted browsing of information by using scatter
plots, Google Maps, and timelines - by the semantic linking
of ProMED-mail content to country information and redis-
tribution of structured data to services that can consume
them

Animal/Human/Both Both
Funding Information not available
Cost to user Information not available
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Table C.4: Global Disease Detection Program (GDD) System Summary

System Name Global Disease Detection Program (GDD)

Purpose GDD is Centres for Disease Control and Prevention (CDC)
principal and most visible program for developing and
strengthening global public health capacity to rapidly iden-
tify and contain disease threats from around the world. The
program comprises both field-based and CDC headquarters
components

Location/Coverage Global
Setting GDD monitors and evaluates capabilities and progress on a

quarterly basis using a framework that includes both quan-
titative and qualitative information on five key activities in-
cluding the “Strengthening of surveillance systems capable
of detecting, assessing, and monitoring the occurrence and
public health significance of infectious disease threats”

Population Humans and animals
Year started 2004
Organisations involved The GDD Regional Centers work closely with host countries

and regional partners, other headquarter-based components
also play a significant role in working with other interna-
tional organisations such as WHO and GOARN, other U.S.
government agencies, and other partners

Syndromes and/or
pathogens/diseases
under surveillance

Identification and response to a wide range of emerging in-
fections (including respiratory syndromes, diarrhoeal dis-
eases, food-borne illnesses, zoonotic diseases, and others)
through integrated disease surveillance, prevention, and con-
trol activities

Single/Multiple Multiple
Data collection The GDD Operations Center is an innovative epidemic intel-

ligence and response operations unit located at CDC head-
quarters. It uses nontraditional surveillance methods to pro-
vide early warning about international disease threats so
CDC can respond rapidly to protect public health in the
United States and the global community

Data handling and anal-
ysis

GDD Regional Centers follow a step-wise approach to de-
velop sophisticated surveillance capacity. This begins with
an accurate case definition and is followed by population-
based surveillance and more sophisticated lab testing. The
objective is to accurately define disease burden to influence
public health policy that assists in decreasing morbidity and
mortality

Output/response Through its surveillance function, the GDD Operations Cen-
ter is often the first to alert CDC U.S. based programs or
CDC international staff about a disease outbreak. A key
source of information about disease events is internet-based
media reports, scanned for key words in over 40 languages.
To facilitate rapid response, the GDD Operations Center has
an outbreak fund to support travel, supplies, and shipping
specimens

Animal/Human/Both Both
Funding Funded by CDC
Cost to user No published costs
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Table C.5: Global Emerging Infections Surveillance and Response System (GEIS) Sys-
tem Summary

System Name Global Emerging Infections Surveillance and Response Sys-
tem (GEIS)

Purpose To be a scientifically credible and recognised worldwide
surveillance system for emerging infections, fully integrat-
ing a global network of laboratory capabilities with a com-
prehensive US Department of Defense (DoD) health surveil-
lance system

Location/Coverage Global
Setting To develop, implement, support, and evaluate an integrated

global emerging infections surveillance and response system
that supports the Armed Forces Health Surveillance Centre
(AFHSC) and contributes to force health protection in U.S.
Forces, the Military Health System (MHS), and the global
public health community

Population Humans and animals for zoonoses
Year started 1997
Organisations involved 29 US forces and national research institutions worldwide

(19 Americas, 6 Australasia, 2 Europe, and 2 Africa)
Syndromes and/or
pathogens/diseases
under surveillance

Priority Surveillance Pillars: Respiratory Infection; Gas-
trointestinal Infection; Febrile and Vector-borne Infection;
Antimicrobial Resistance; Sexually Transmitted Infection

Single/Multiple Multiple
Data collection Laboratory-based surveillance is augmented by significant

epidemiologic training and preparedness initiatives
Data handling and anal-
ysis

Laboratory surveillance system is complimented by the DoD
electronic health care encounter datasets

Output/response The goals of GEIS surveillance are 1) to identify and char-
acterise antigenically diverse strains, that affect DoD bene-
ficiary populations and threaten global public health and 2)
to collaborate with relevant organisations such as the Cen-
ters for Disease Control and Prevention (CDC), U.S. Food
and Drug Administration (FDA), and the WHO to develop
vaccines and other effective public health treatments and
interventions. Laboratory-based surveillance is augmented
by significant epidemiologic training and preparedness ini-
tiatives

Animal/Human/Both Both
Funding Funds from U.S. Congress and US DoD budgets
Cost to user No published charges
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Table C.6: Global Foodborne Infections Network (GFN) System Summary

System Name Global Foodborne Infections Network (GFN)

Purpose To promote integrated, laboratory-based surveillance and
foster intersectoral collaboration among human health, vet-
erinary and food-related disciplines through training courses
and activities around the world

Location/Coverage Global
Setting The objective of the network is to strengthen and en-

hance the capacities of national and regional laboratories
in the surveillance of Salmonella, the other major foodborne
pathogens and antimicrobial resistance in Salmonella and
Campylobacter from humans, food and animals through the
programme activities

Population Humans and animals
Year started 2000
Organisations involved GFN is a collaborative project of the World Health Organi-

zation (WHO), the Danish National Food Institute (DTU
Food), the Centers for Disease Control and Prevention
(CDC), the Institut Pasteur, the Public Health Agency of
Canada, Utrecht University, European Centre for Disease
Prevention and Control (ECDC), OzFoodNet, PulseNet In-
ternational and the National Institute of Public Health,
Japan

Syndromes and/or
pathogens/diseases
under surveillance

Salmonella and other major foodborne pathogens and an-
timicrobial resistance in Salmonella and Campylobacter
from humans, food and animals

Single/Multiple Multiple
Data collection The programme promotes integrated, laboratory-based

surveillance and outbreak detection and response, and fos-
ters intersectoral collaboration and communication among
microbiologists and epidemiologists in human health, vet-
erinary, and food-related disciplines. There are currently
more than 1500 individual members of the GFN from Na-
tional Reference laboratories and other national and regional
institutes in 177 Member States and territories

Data handling and anal-
ysis

To date, more than 80 countries have provided data to the
Country Databank on around 1.5 million human isolates and
360 000 isolates from nonhuman sources to help provide a
global overview of the epidemiology of Salmonella

Output/response The Global Foodborne Infections Network has six main
programme components: international training activities,
the External Quality Assurance System (EQAS), the WHO
Global Salmonella Country Databank, focused regional and
national projects, reference services and communication

Animal/Human/Both Both
Funding Funded by WHO and partner institutions
Cost to user No published cost
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Table C.7: The Global Early Warning and Response System for Major Animal Dis-
eases, including Zoonoses (GLEWS) System Summary

System Name The Global Early Warning and Response System for Major
Animal Diseases, including Zoonoses (GLEWS)

Purpose GLEWS is a joint system that builds on the added value
of combining and coordinating the alert and response mech-
anisms of OIE, FAO and WHO for the international com-
munity and stakeholders to assist in prediction, prevention
and control of animal disease threats, including zoonoses,
through sharing of information, epidemiological analysis and
joint field missions to assess and control the outbreak, when-
ever needed

Location/Coverage Global
Setting The overall aim of GLEWS is to improve the early warn-

ing and response capacity to animal disease threats of the
three sister organisations for the benefit of the international
community

Population Global animal and human populations
Year started 2006
Organisations involved OIE, WHO & FAO
Syndromes and/or
pathogens/diseases
under surveillance

6 non-zoonotic and 19 zoonotic diseases accorded priority
with 4 (CBPP, FMD, RVF, Sheep Pox) for which trend anal-
ysis and forecasting will be emphasised

Single/Multiple Multiple
Data collection The three sister organisations use their channels and con-

tacts within their respective mandates to track information
on disease outbreaks. Information gathered will be fed into
a GLEWS electronic platform (yet to be developed, pending
funding). In this platform information will be further anal-
ysed, monitored and/or sent out as Early Warning Messages

Data handling and anal-
ysis

Specific analysis and modelling of trends will be carried out
utilising selected OIE and FAO Collaborating Centres, OIE
and FAO Laboratories and where appropriate WHO Collab-
orating Centres and Laboratories. The verification process
involves the use of various sources of information and net-
works that need to be cross-checked and validated (see below
for detail)

Output/response Until the GLEWS information platform has been developed,
the information is communicated via e-mail using a stan-
dard reporting format for initial reports to the GLEWS focal
points A GLEWS Emergency Response will only be neces-
sary, if there is clear indication for a joint onsite assessment
or intervention mission

Animal/Human/Both Primarily Animal Health but uses human health as a sentinel
system

Funding The basic minimum financial needs take into account the
fact that the three organisations have already existing early
warning and response systems and will be used to imple-
ment the activities in relation with animal health informa-
tion sharing, epidemiological analysis studies between the
three sister organisations as well complementing their exist-
ing response systems for a more rapid and a better coordi-
nated international response to animal disease emergencies.
(WHO will be involved in the field of zoonoses)
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Table C.8: Global Outbreak Alert and Response Network (GOARN) System Summary

System Name Global Outbreak Alert and Response Network (GOARN)

Purpose The GOARN is a technical collaboration of existing institu-
tions and networks to pool human and technical resources
for the rapid identification, confirmation and response to
outbreaks of international importance

Location/Coverage Global
Setting The Network provides an operational framework to link pub-

lic health expertise and skill to keep the international com-
munity constantly alert to the threat of outbreaks and ready
to respond

Population Humans and animals
Year started April 2000
Organisations involved With WHO coordination the network includes scientific in-

stitutions in Member States, regional technical networks,
United Nations organisations, the Red Cross and interna-
tional humanitarian non-governmental organisations. Par-
ticipation is open to technical institutions, networks and or-
ganisations that have the capacity to contribute to interna-
tional outbreak alert and response

Syndromes and/or
pathogens/diseases
under surveillance

GOARN is directed towards promoting standard operating
procedures [inclusive of surveillance initiatives], coordina-
tion and activation of international support to deal with
epidemic-prone and emerging disease outbreaks of interna-
tional importance

Single/Multiple Multiple
Data collection Co-ordination only
Data handling and anal-
ysis

Co-ordination only

Output/response The Global Outbreak Alert and Response Network focuses
the technical and operational resources of partner institu-
tions and networks to promote collaborative effort

Animal/Human/Both Both
Funding WHO coordinates international outbreak response using re-

sources from the network. WHO also provides a secretarial
service for the network (e.g. employment of project man-
ager, support for the Steering Committee and structures) as
part of its Alert and Response Operations within CSR
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Table C.9: The Global Public Health Intelligence Network (GPHIN) System Summary

System Name The Global Public Health Intelligence Network (GPHIN)

Purpose GPHIN is a secure Internet-based “early warning” system
that gathers and disseminates preliminary reports of global
public health significance on a near “real-time” basis

Location/Coverage Global
Setting The system monitors global media sources such as news

wires and web sites to capture public health information
of interest

Population Humans and animals
Year started Prototype launched July 2000 and an upgraded multi-lingual

system launched November 2004
Organisations involved GPHIN is managed by the Public Health Agency of Canadas

Centre for Emergency Preparedness and Response (CEPR).
Information from GPHIN is provided to the WHO, interna-
tional governments and non-governmental organisations

Syndromes and/or
pathogens/diseases
under surveillance

GPHIN covers a broad scope of public health issues. It
tracks events such as infectious disease outbreaks, contami-
nated food and water, bio-terrorism, chemical and radioac-
tive incidents, natural disasters and issues related to the
safety of products, drugs and medical devices

Single/Multiple Multiple
Data collection The GPHIN software “pulls” relevant articles every 15 min-

utes from newsfeed aggregators based on established search
syntaxes

Data handling and anal-
ysis

The captured articles are filtered and categorised into one or
more of GPHINs 8 taxonomy categories that include animal
and human diseases

Output/response Articles with a relevancy score above a certain threshold are
automatically ‘published’ to the GPHIN database. Articles
that are deemed of immediate concern by the GPHIN ana-
lysts are immediately sent to users by email as ‘alerts’. Users
may review the latest list of published articles or they can
further filter the list with the use of a query function to view
specific articles

Animal/Human/Both Both
Funding Managed by Canadas Centre for Emergency Preparedness

and Response (CEPR) with some income earned through a
given scale of yearly subscription rates
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Table C.10: HealthMap System Summary

System Name HealthMap

Purpose A freely accessible, automated electronic information sys-
tem for monitoring, organising, and visualising reports of
global disease outbreaks according to geography, time, and
infectious disease agent

Location/Coverage Global
Setting An automated system for querying, filtering, integrating and

visualising unstructured reports on disease outbreaks Web
site integrates outbreak data of varying reliability, ranging
from news sources (such as Google News) to curated per-
sonal accounts (such as ProMED) to validated official alerts
(such as World Health Organization)

Population Humans and Animals
Year started 2006
Organisations involved Google.Org , National Institutes of Health Research / Na-

tional Library Of Medicine, Centers For Disease Control
And Prevention, Canadian Institutes of Health Research,
International Society for Infectious Diseases / ProMED,
Health and Human Services , Flu.Gov, International Soci-
ety for Disease Surveillance, International Society for Travel
Medicine, Geosentinel, New England Journal of Medicine,
Wildlife Conservation Society

Syndromes and/or
pathogens/diseases
under surveillance

Emerging infectious disease outbreaks

Single/Multiple Multiple
Data collection An automated text processing system is used to integrate

outbreak data of varying reliability, ranging from news
sources to curated personal accounts to validated official
alerts

Data handling and anal-
ysis

Through an automated system for querying, filtering, inte-
grating and visualising unstructured reports on disease out-
breaks the data is aggregated by disease and displayed by
location

Output/response Maps showing location of disease outbreaks with three other
outputs: Flu.Gov - an interactive map with comprehen-
sive real-time information (both official and unofficial) on
seasonal influenza and H1N1 pandemic. MedWatcher De-
signed to engage users in issues of drug safety and real-time
pharmacovigilance. OutbreakMD a data-collecting system
designed primarily for health professionals located in areas
where Internet may be scarce or unavailable

Animal/Human/Both Both
Funding From partners and collaborators as listed above
Cost to user Free
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Table C.11: MedISys System Summary

System Name MedISys - Medical Information System (formerly Medical
Intelligence System)

Purpose To reinforce the network for surveillance of communicable
diseases and the early detection of bioterrorism activities

Location/Coverage Global
Setting An internet monitoring and analysis system developed at

the Joint Research Centre, Ispra, Italy in collaboration with
EC Directorate General SANCO. It uses online information
sources to rapidly detect, track and assess threats to the
public health so that advance warning can be given

Population Humans and Animals
Year started Not given
Organisations involved The Health Threat Unit at Directorate General Health and

Consumer Affairs of the EC in collaboration with Joint Re-
search Centre, Ispra, Italy

Syndromes and/or
pathogens/diseases
under surveillance

Outbreaks of communicable diseases, risks linked to chem-
ical and nuclear accidents and terrorist attacks, i.e. events
that could have a widespread impact on the health of the
European Community

Single/Multiple Multiple
Data collection Processes over 20,000 articles per day from about 250 spe-

cialist medical sites and over 4,000 sites of approximately
1,600 news sources (news and medical sites) in 45 languages

Data handling and anal-
ysis

Using text mining, event extraction with the Pattern-based
Understanding and Learning System (PULS, developed by
the University of Helsinki), articles collected are grouped
into hundreds of categories (e.g. diseases, symptoms, chem-
ical agents, etc.) based on pre-defined keyword combinations

Output/response On the public site http://medusa.jrc.it/, displays articles
with interest to Public Health, grouped by disease or disease
type. Specialist Public Health organisations can request ac-
cess to the restricted site, which offers more functionality,
more categories and more news sources

Animal/Human/Both Both
Funding European Commission
Cost to user Charges for specialist access but costs not given
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Table C.12: Mediterranean Zoonoses Control Programme (MZCP) System Summary

System Name Mediterranean Zoonoses Control Programme (MZCP)

Purpose An interregional (Mediterranean and Middle East) pro-
gramme on zoonoses and foodborne diseases prevention,
surveillance and control through intersectoral collaboration
and coordination

Location/Coverage The participating countries are Cyprus, Egypt, Greece,
Lebanon, Kuwait, Portugal, Saudi Arabia, Spain, Syrian
Arab Republic and Turkey; countries associated with the
Programme are Algeria, Italy, Jordan, Malta, Morocco,
Tunisia and Yemen

Setting The main objectives of the MZCP are promoting pro-
grammes for the prevention, surveillance and control of
zoonoses and related foodborne diseases; strengthening col-
laboration between veterinary and public health services;
implementing training activities; promoting veterinary pub-
lic health activities and public health education; and foster-
ing collaboration among Member Countries

Population Humans and animals
Year started 1978
Organisations involved The MZCP is guided by WHO/Headquarters, Geneva,

closely collaborates with the WHO-Regional Office for the
Eastern Mediterranean, Cairo, Egypt, and a network of spe-
cialised WHO & MZCP-Collaborating Institutions as well as
with FAO and OIE

Syndromes and/or
pathogens/diseases
under surveillance

Zoonoses of major interest in the Mediterranean and Middle
East Regions -Brucellosis, Cystic Echinococcosis, Leishma-
niasis, Rabies and Foodborne Zoonotic Diseases

Single/Multiple Multiple
Data collection Surveillance networks covering MZCP countries
Data handling and anal-
ysis

By national animal and human health services and the
Mediterranean Zoonoses Control Centre (MZCC), located
in Athens, Greece

Output/response The development of human and technical resources for rapid
response to epidemics -information technology, epidemiol-
ogy, food safety tools and regulations inclusive of inter-
country training courses on high priority regional subjects
and national training courses on subjects selected by the
Member Countries, according to their own priorities

Animal/Human/Both Both
Funding The Programme depends on the annual contributions of US$

20,000 from its participating States and on the contributions
in kind (technical, scientific etc.) of its collaborating insti-
tutions

Cost to user All services delivered are free of charge to the Member States
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Table C.13: ProMED System Summary

System Name ProMED & ProMED-Mail (PMM)

Purpose An Internet-based reporting system dedicated to rapid
global dissemination of information on outbreaks of infec-
tious diseases and acute exposures to toxins that affect hu-
man health, including those in animals and in plants grown
for food or animal feed

Location/Coverage Global
Setting A central purpose of ProMED-Mail is to promote communi-

cation amongst the international infectious disease commu-
nity, including scientists, physicians, epidemiologists, public
health professionals, and others interested in infectious dis-
eases on a global scale

Population Humans and animals
Year started 1994
Organisations involved International Society for Infectious Diseases (ISID), a non-

profit professional organisation with 20,000 members world-
wide. Web services provided by Oracle Corporation and
E-mail services by the Harvard School of Public Health

Syndromes and/or
pathogens/diseases
under surveillance

Outbreaks of emerging and re-emerging diseases

Single/Multiple Multiple
Data collection Sources of information include media reports, official re-

ports, online summaries, local observers, and others. Re-
ports are often contributed by ProMED-Mail subscribers

Data handling and anal-
ysis

A team of expert human, plant, and animal disease moder-
ators screen, review, and investigate reports before posting
to the network

Output/response The moderator edits selected pieces for content, provides
pertinent references (both from prior ProMED-Mail reports
and from the scientific literature), and adds a brief commen-
tary. Reports are distributed by email to direct subscribers
and posted immediately on the ProMED-Mail web site.
ProMED-Mail currently reaches over 40,000 subscribers in
at least 185 countries

Animal/Human/Both Both
Funding Funding from Google.org, the Gates Foundation, the Rock-

efeller Foundation, the Oracle Corporation, the Nuclear
Threat Initiative

Cost to user Free
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