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SUMMARY

Disease surveillance programmes ought to be evaluated regularly to ensure they provide valuable

information in an efficient manner. Evaluation of human and animal health surveillance

programmes around the world is currently not standardized and therefore inconsistent. The aim

of this systematic review was to review surveillance system attributes and the methods used for

their assessment, together with the strengths and weaknesses of existing frameworks for evaluating

surveillance in animal health, public health and allied disciplines. Information from 99 articles

describing the evaluation of 101 surveillance systems was examined. A wide range of approaches

for assessing 23 different system attributes was identified although most evaluations addressed

only one or two attributes and comprehensive evaluations were uncommon. Surveillance

objectives were often not stated in the articles reviewed and so the reasons for choosing certain

attributes for assessment were not always apparent. This has the potential to introduce misleading

results in surveillance evaluation. Due to the wide range of system attributes that may be assessed,

methods should be explored which collapse these down into a small number of grouped

characteristics by focusing on the relationships between attributes and their links to the objectives

of the surveillance system and the evaluation. A generic and comprehensive evaluation framework

could then be developed consisting of a limited number of common attributes together with

several sets of secondary attributes which could be selected depending on the disease or range of

diseases under surveillance and the purpose of the surveillance. Economic evaluation should be an

integral part of the surveillance evaluation process. This would provide a significant benefit to

decision-makers who often need to make choices based on limited or diminishing resources.
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INTRODUCTION

Disease surveillance in both animal and public health

fields involves the ongoing systematic collection,

analysis, interpretation and timely communication of

health-related data [1]. The purpose of surveillance

activities may include monitoring of endemic diseases

and the impact of control measures or the identifi-

cation of (re-)emerging and exotic diseases that may

have a significant impact upon public health, animal

health, welfare and international trade [2]. Animal

health surveillance includes animal conditions which

may pose a threat to human health – either directly or
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via food products – even where such conditions are

unapparent in the animal itself [3]. The output of sur-

veillance programmes assists in setting priorities and

guiding effective prevention and control strategies. It

also helps to monitor the progress and success of inter-

vention programmes and, in the animal health field,

to demonstrate the infection- and hazard-free status

of animals and animal-derived products [4]. Ensuring

that surveillance programmes are fit for purpose is

therefore paramount.

The costs of obtaining surveillance information

need to be balanced against the benefits derived.

The importance of ensuring that public health systems

are efficient and effective is increasingly being rec-

ognized [5–7] and this applies equally to animal health

surveillance systems [6, 8]. Improving the efficiency

of surveillance is a key goal of the UK’s Veterinary

Surveillance Strategy [3]. Evaluation of surveillance

programmes is essential to ensure that limited re-

sources are effectively used to provide the evidence

required for protecting animal (and human) health.

Such evaluations can lead to changes in surveillance

methods, resulting in considerable financial savings

[9]. Evaluation of surveillance can play an essential

part in establishing and maintaining international

trust [10]. Quality assurance is essential to maintain

credibility, which is particularly important for inter-

community and international trade with animals and

animal-derived products.

Evaluation is defined as the systematic and objec-

tive assessment of the relevance, adequacy, progress,

efficiency, effectiveness and impact of a course of ac-

tions, in relation to objectives and taking into account

the resources and facilities that have been deployed

[11]. Currently, there is no universally accepted stan-

dard for evaluation of animal health surveillance.

Many different approaches have been applied [e.g. 2,

12–16] without consistency or apparent agreement on

what is optimal. Evaluation of human health surveil-

lance systems is more commonly practised and several

generic guidelines exist for public health surveillance

evaluation [17–20]. These typically include the as-

sessment of a series of attributes such as flexibility,

acceptability and timeliness, using a combination

of qualitative and quantitative techniques. Probably

the most well-established guidelines for evaluating

public health surveillance systems are those published

by the Centers for Disease Control and Prevention

(CDC) in the USA [17]. The CDC guidelines suggest

ten attributes that may be assessed as part of a bal-

anced evaluation process : simplicity, flexibility, data

quality, acceptability, sensitivity, positive predictive

value, representativeness, timeliness, stability and

usefulness. However, the applicability of these human

health guidelines to animal health surveillance is un-

clear given differences in emphasis and prioritization

of surveillance objectives between the disciplines.

For example, cost-effectiveness might be considered

to be most important in animal health surveillance

programmes whereas diagnostic accuracy may be

more valued in public health schemes because of the

consequences of classification errors for the individual

case. An animal health-specific evaluation framework

that is both comprehensive and generic is required but

not currently available.

The aim of this systematic review is to identify and

examine existing frameworks for surveillance evalu-

ation in animal health, public health and allied disci-

plines, to discover which techniques are currently

being used across the globe and to assess their

strengths and weaknesses. This information will be

used to inform the development of a generic evalu-

ation framework for animal health surveillance sys-

tems in Great Britain.

METHODS

We sought to identify published and unpublished

reports of evaluations conducted on surveillance sys-

tems in the following areas: animal health/disease;

public health; environmental health; bioterrorism;

and public security.

Literature sources and search strategies

Three sources were searched by one author (J.A.D.)

for relevant reports: Web of Science databases of

peer-reviewed articles ; Google search of grey litera-

ture ; and conference proceedings of the International

Society for Veterinary Epidemiology and Economics,

and the Society for Veterinary Epidemiology and

Preventive Medicine. Additionally, we identified ad-

ditional articles from the bibliographies of included

articles. We searched for literature containing com-

binations of the terms ‘surveillance’, ‘evaluation’,

‘analysis ’ and ‘performance’ using the Boolean

query: Topic=surveillance AND Title=(surveillance

AND (evaluat* OR analy* OR perform*)) OR

(evaluat* AND perform*). The use of wildcards (*)

ensured that articles containing any variation of each

of the search terms were identified (e.g. evaluat* would

detect evaluate, evaluates, evaluation, evaluations,
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evaluating, evaluative and evaluator). We used ident-

ical search terms for all sources. We restricted the

searches of Web of Science and Google to articles

published in the last 15 years (i.e. 1995–2010) and that

of the conference proceedings to articles published in

the last 10 years (i.e. 2000–2010).

Study selection and data abstraction

The literature retrieval process is illustrated in

Figure 1. Articles were screened using the criteria de-

tailed in Figure 1. Primary exclusion criteria were

applied to the titles and abstracts of articles. The full

texts of these articles were then obtained and the sec-

ondary exclusion criteria applied. Data extracted from

the articles about each surveillance system included:

aim of evaluation exercise, surveillance system

evaluated, location, species involved, disease/

condition, data collected, collection method, analysis

method performed, specific attributes assessed, use

of performance indicators (PIs), and the perceived

strengths and weaknesses of each evaluation ap-

proach. Articles were included in this review if they

presented data from the estimation of at least one

attribute of a surveillance system.

RESULTS

A total of 1741 articles were screened for this review:

1705 primary articles identified through searching

Web of Science, Google and epidemiology conference

proceedings, and 36 additional articles identified by

examining the citation lists of these primary articles

(Fig. 1). Nineteen articles written in languages other

1657 articles
identified by searching

Web of Science

7 articles
identified by searching

Google

41 articles
identified by searching
conference proceedings

1705 articles
identified through 
primary searches

1641 articles
screened using titles 

and abstracts

1464 articles removed due to primary exclusion criteria:
• Articles not stating at least one of these terms: public

health; animal health/disease; environmental health;
bioterrorism; public security; performance indicators.

• Evaluations of diagnostic test performance.
• Evaluations of the success rate of surgical procedures.
• Evaluations of drug treatment.
• Evaluations of the results of a surveillance system
 rather than the performance of the system itself
• Theoretical studies with no empirical data presented.

114 articles removed due to secondary exclusion criteria:
• Articles not written in English.
• Insufficient information provided to allow evaluation 

of method described.
• No evaluation of surveillance system described.
• Any of the primary exclusion criteria that were not 

apparent from reading the titles and abstracts only.

36 articles
identified via citations

in primary articles

213 articles
assessed for eligibility

using full text

99 articles
included in this 

systematic review

92
primary research papers
evaluating 89 systems*

1
systematic review

evaluating 8 systems*

6
sets of guidelines

evaluating 6 systems*

64 duplicate articles
removed

Fig. 1. Flow chart documenting literature retrieval and criteria used to select articles for inclusion in the systematic review
of frameworks for evaluating human and animal health surveillance systems. * The total number of surveillance system
evaluations was 101: one system included in the systematic review, and another that was included in one of the sets of

guidelines, were both already identified and included in this review as primary research papers.
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than English were excluded. After applying all ex-

clusion criteria (Fig. 1), 99 articles remained. Of these,

92 were primary research papers [6–9, 12–16, 21–103],

one was a systematic review [104], and six were sets

of guidelines for evaluating surveillance systems

[17, 105–109] (Fig. 1). Data from these 99 articles were

extracted and included in this review.

Health conditions for which surveillance systems

were evaluated

The 99 articles included evaluations of 101 different

surveillance systems: some articles evaluated more

than one system and some systems were evaluated

(in different ways) by more than one article. Most

(73/99) of the articles on surveillance system evalu-

ations were for human diseases, with far fewer for

animal diseases : cattle were the most frequent subject

of the animal health surveillance systems that had

been evaluated (13/99) (Table 1). Only one article in-

tegrated the evaluation of human and animal health

surveillance, in a study of West Nile virus epidemi-

ology [6].

Surveillance systems for 38 named diseases (27 in-

fectious and 11 non-infectious) were evaluated within

the 99 articles (Table 2). Influenza was the disease for

which surveillance was most frequently evaluated

(eight articles : seven in humans and one in wild birds).

While the majority of surveillance system evaluations

focused on a single disease, about one quarter

(27/101) did not specify a particular disease with

the implication that the evaluation was applied gen-

erically across a range of conditions. Of those that

could be considered generic, a variety of information

sources were exploited. Two evaluations were

internet-based, using the web as an automated system

for real-time monitoring of online information about

emerging diseases [6, 36]. One evaluated system logged

and rapidly analysed telephone calls made by mem-

bers of the public to the NHS Direct helpline [46].

Four evaluations focused on the ability of surveillance

systems to detect disease outbreaks early, including

two dedicated to illnesses among military personnel

engaged in battle [7, 65, 66, 105]. Finally, three sets of

generic guidelines were presented from which more

specific frameworks could be developed [17, 91, 107].

Of these, one outlined a novel stepwise process by

which a prioritized list of evaluation criteria may be

generated for any chosen disease or health indicator

[107]. Although this system was developed for the

selection and evaluation of public health indicators

from environmental threats, its high flexibility

suggests it should be adaptable for the evaluation of

animal health surveillance.

Locations of surveillance systems evaluated

The 99 evaluations included in this review covered

101 surveillance systems located unevenly across

the globe and dominated by the USA (Table 3).

Most evaluations related to surveillance systems

implemented in North America (35/101), followed by

Europe (26/101), Australasia (11/101), Asia (6/101),

Africa (5/101) and South America (4/101). Thirteen

articles described the evaluation of surveillance sys-

tems located in more than one country (Table 3).

Methods employed to evaluate surveillance systems

Quantitative approaches were applied far more

commonly than qualitative approaches, and this was

especially true for evaluations of animal health sur-

veillance. A summary of the methods used for evalu-

ating surveillance systems appears in Table 4. The

commonest method (employed in 39/101 evaluations)

was to apply simple quantitative approaches such as

measuring the proportion of actual cases reported or

the percentage of record cards completed [e.g. 39, 56,

75, 77, 92, 98, 101]. Comparison of one surveillance

system with another to estimate the relative sensitivity

of each (the proportion of cases in the population

Table 1. Species for which health surveillance systems

were evaluated

Species

No. of

articles References

Humans 73 [7, 17, 21, 24–37, 39, 40, 42, 43, 45,
46, 48–52, 54–57, 60, 62–72, 74,
76, 77, 79–82, 85–88, 90–93,

95–105, 107–109]
Cattle 13 [9, 13, 22, 23, 38, 41, 53, 58, 61,

75, 78, 84, 106]

Sheep 3 [12, 16, 73]
Animals
(>1 species)

2 [14, 47]

Horses 2 [83, 89]
Pigs 2 [59, 94]
Wild birds 2 [8, 44]
Fish 1 [15]

Humans
and animals

1 [6]

Total 99
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under surveillance that are detected by the surveil-

lance system) was also frequently done [e.g. 9, 32, 49,

61, 72, 78]. Several advanced statistical approaches

were employed to evaluate surveillance systems. These

included 19 articles that employed simulation model-

ling (used far more commonly in evaluations of

animal than human health surveillance), seven articles

on stochastic scenario tree modelling [8, 9, 14, 53,

59, 61, 100], five articles using the capture–recapture

(CRC) technique [30, 40, 52, 82, 87] and one article

which quantified the effort applied in looking for in-

fection (expressed as the number of negative measles

test results per 100 000 population) which gave an

indication of the confidence that could be associated

with the conclusion of infection being absent if it were

not found [55]. Qualitative approaches based on sub-

jective scoring systems or expert opinion were less

commonly used and mainly restricted to evaluations

of human health surveillance [e.g. 57, 62, 66, 90, 94,

101]. Many articles used more than one approach to

Table 2. Health conditions for which surveillance systems were evaluated

Health condition
No. of
articles References

Infectious disease (generic or no specific

disease stated)

27 [6, 7, 14, 15, 17, 31, 33, 36, 39, 46, 47, 52, 60, 65, 66, 68,

78, 80, 89, 91, 92, 98, 101, 103–105, 107]
Influenza 8 [8, 42, 48, 49, 67, 69, 71, 96]
Congenital illness 5 [50, 51, 57, 87, 95]

HIV/AIDS 5 [21, 25, 54, 81, 99]
Malaria 4 [30, 32, 35, 40]
Measles 3 [55, 56, 88]
Physical injury 3 [28, 74, 108]

Scrapie 3 [12, 16, 73]
Salmonellosis 3 [13, 58, 94]
Tuberculosis 3 [53, 79, 86]

Bacterial meningitis 2 [27, 45]
Brucellosis 2 [9, 22]
Infectious abortion 2 [38, 83]

Infectious bovine rhinotracheitis 2 [41, 84]
Infectious hepatitis 2 [77, 93]
Rinderpest (cattle plague) 2 [75, 106]
Anthrax 1 [64]

Bioterrorism-related illness 1 [109]
Chemical injury 1 [34]
Creutzfeldt–Jakob disease 1 [90]

Carbon monoxide poisoning 1 [63]
Dracunculiasis (guinea worm disease) 1 [26]
Enteric disease 1 [43]

Enzootic bovine leucosis 1 [61]
Foot-and-mouth disease 1 [59]
Haemolytic-uraemic syndrome 1 [70]

Legionellosis 1 [82]
Listeriosis 1 [102]
Polio 1 [100]
Respiratory infection 1 [37]

Rotavirus 1 [29]
Rubella 1 [85]
Sexually transmitted infection 1 [62]

Staphylococcal toxic-shock syndrome 1 [72]
Streptococcal mastitis 1 [23]
Syphilis 1 [24]

Tsutsugamushi disease 1 [76]
Varicella (chickenpox) 1 [97]
West Nile virus infection 1 [44]

Total 99
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evaluate a surveillance system, for example combining

quantitative measures of data completeness (an indi-

cation of quality) with qualitative impressions of ac-

ceptability of the system to users [e.g. 46, 57, 62, 66,

80, 101].

Attributes of surveillance systems

The range and number of attributes assessed by the

different studies varied widely. In total, 23 different

attributes of surveillance systems were assessed across

the 99 articles (Fig. 2). These attributes are defined in

Table 5. The most frequently assessed attributes were

sensitivity, timeliness and data quality (Fig. 2). The

frequency distribution of the number of attributes

assessed per article was positively skewed, with ap-

proximately half the articles (48/99) assessing one or

two attributes only and very few articles assessing

more than ten attributes (Fig. 3). Twenty-four articles

reported on the assessment of a single attribute:

sensitivity (13 articles) ; cost-effectiveness (four

articles) ; representativeness (three articles) ; timeliness

(three articles) ; and acceptability (one article). At-

tributes such as consistency of performance over time

[99], system security [108], and surveillance feasibility

[7] were assessed in a single article each (Fig. 2).

Almost a quarter (23/99) of the articles specifically

stated as an objective to assess one or more of the ten

attributes recommended in the CDC guidelines for

evaluating public health surveillance systems [17].

Only five articles [15, 32, 38, 81, 86] did not assess any

of the ten attributes recommended by CDC and all of

these five articles assessed the cost-effectiveness of

surveillance programmes. A variety of ways was used

to assess cost-effectiveness. By determining the rela-

tive costs of several regimens to each generate a 1%

Table 3. Locations where the 101 surveillance systems whose evaluations were included in this review

were implemented

Location

No. of surveillance

systems References

USA 26 [13, 24, 25, 30, 54, 56, 63, 64, 67, 71–73, 79, 83, 86, 89, 95,
103, 104, 107, 109]

More than one country 13 [6–8, 14, 17, 31, 36, 47, 55, 91, 99, 105]

UK 10 [9, 12, 15, 16, 22, 29, 34, 46, 62, 81, 87]
Australia 9 [42, 43, 50, 57, 59, 61, 80, 90, 100, 108]
Canada 8 [33, 37, 44, 51, 70, 74, 85, 102]

France 4 [47, 58, 82]
Denmark 3 [23, 38, 41]
Norway 3 [21, 84, 94]

Italy 2 [39, 52]
Japan 2 [48, 49, 76, 96]
New Zealand 2 [68, 78]
Pakistan 2 [27, 93]

Switzerland 2 [53, 88]
Chad 1 [47]
French Guiana 1 [66]

Ghana 1 [26]
Israel 1 [69]
Jamaica 1 [28]

Mexico 1 [32]
Netherlands 1 [98]
Niger 1 [45]
Peru 1 [60]

Poland 1 [77]
South Africa 1 [101]
Taiwan 1 [97]

Tanzania 1 [92]
Trinidad 1 [40]
Not specified 1 [65]

Total 101
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increase in surveillance sensitivity, a comparison of

efficacy was achieved which allowed the most cost-

effective regimen to be recommended for surveillance

of influenza in wild birds [8]. A slightly different

approach was employed in an evaluation of human

tuberculosis surveillance, where cost per 1% increase

in PIs was used to determine the most efficient use

of resources programmes [86]. While comparing the

cost-effectiveness of two or more surveillance regi-

mens may be relatively straightforward, conducting a

cost–benefit analysis may prove more difficult. Costs

may be difficult to estimate [86] and social benefits

may be difficult to quantify [81] which means precise

cost–benefit evaluations may not always be possible.

Other non-CDC attributes that were commonly

assessed included specificity (the proportion of true

Table 4. Summary and distribution of methods for evaluating surveillance systems used in the 99 articles included in

this review

Method of analysis

No. of articles

Animal Human Total*

Quantitative approaches 25 64 89

Calculation of percentage of complete records# 7 33 39

Comparison of one system with another 4 25 29
Simulation modelling or statistical algorithms 14 5 19
Scenario tree modelling 6 1 7

Cost–benefit analysis 2 4 6
Capture–recapture technique 0 5 5
Performance indicators 3 2 5

Odds ratios of disease detection probability 1 0 1
Measurement of effort applied 0 1 1

Qualitative approaches 2 24 26

Subjective scoring system or expert opinion 1 22 23
Spatial mapping 1 1 2

Logic model 0 1 1

* Figures do not sum to 99 because several articles used more than one approach.
# One article using this approach evaluated health surveillance in both animals and humans.

Sensitivity
Timeliness

Data quality
Cost or cost effectiveness

Representativeness
Acceptability

Flexibility
Simplicity

Usefulness
Positive predictive value

Specificity
Stability

Portability
Efficiency

Efficiency
Feasibility

Interoperability
Likelihood ratio of a positive test

Relevance
Security

0 10 20

Number of studies assessing each attribute

30 40 50 60 70

Negative predictive value
Coherence

Consistency over time

Fig. 2. Surveillance system attributes assessed by the 99 studies included in this review. Attributes recommended for evalu-
ation in the Centers for Disease Control and Prevention guidelines [17] are shaded in grey.
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non-events correctly classified as such, the inverse

being the false alarm rate: assessed in 16/99 articles)

and portability (how well the system can be duplicated

in another setting: assessed in 6/99 articles). Several

articles described schemes which set out to assess

more attributes than were subsequently possible due

to lack of reliable data. This was particularly apparent

for specificity [28, 36], sensitivity [50, 58] and

Table 5. Definitions of surveillance system attributes assessed in the 99 articles included in this review (sources of

definitions: [7, 17, 99, 105, 108])

Attribute Definition

Acceptability Willingness of persons and organizations to participate in the surveillance system

Coherence Link between the different components and the development stages of a surveillance system
Consistency over time Deliberate repetition in sampling the same geographical sites over time to allow trends in

epidemics to be measured

Cost-effectiveness Relationship between the expected outcomes (such as the number of lives saved) and the
costs of surveillance required to achieve this. May be expressed as a measure of efficiency,
whereby the system operates at the least possible cost or makes the best use of available

resources
Data quality Completeness and validity of the data recorded
Efficacy Extent to which the system objectives are achieved

Efficiency Link between the resources implemented and the results obtained. An efficient system will
accomplish a job with minimum expenditure of time, human effort and cost

Feasibility Extent to which the available means meet the system’s needs. A surveillance system may be
unfeasible if there are not the means to run it

Flexibility Ability to adapt to changing information needs or operating conditions with little additional
time, personnel or allocated funds. Flexible systems can accommodate new health-related
events, changes in case definitions or technology, and variations in funding or reporting sources

Interoperability Ease with which one surveillance system can be integrated into another, in an appropriate format
for people in other countries to easily use

Likelihood ratio of

a positive test

Ratio of the probability of a surveillance system detecting an infected individual to the

probability of the system incorrectly identifying them as infected when they are in fact not.
Likelihood ratios do not vary with disease prevalence and so are stable expressions of
system performance

Negative predictive value Probability that infection is truly absent given that it is not detected

Portability How well the system can be duplicated in another setting
Positive predictive value Proportion of reported cases that actually have the infection of interest
Relevance Assessment of the how closely the outputs of a surveillance system meet its objectives.

Also referred to as pertinence
Representativeness Extent to which features of the population of interest (e.g. herd size, age, location) are reflected

in the surveillance data that are collected. A surveillance system that is representative

accurately describes the distribution of infection in the population by place and person (or
animal). Bias reduces representativeness

Security Measures taken to assure authorized computer system access and to maintain confidentiality

where needed
Sensitivity The sensitivity of a surveillance system can be considered on two levels. For endemic infections,

sensitivity refers to the proportion of cases of a disease detected by the surveillance system (this
usually requires a gold standard test to indicate the actual number of cases). For non-endemic

infections, sensitivity can refer to the ability of a surveillance system to detect disease outbreaks
Simplicity Refers to the surveillance system structure, ease of operation and flow of data through

the system. Surveillance systems should be as simple as possible while still meeting their

objectives
Specificity Proportion of true non-events correctly classified as such, the inverse being the false alarm rate
Stability Reliability (function without failure) and availability (operational when needed)

Timeliness Speed between steps in a surveillance system. For outbreak detection, timeliness refers to the
time between exposure to the infectious agent and the initiation of interventions to control
infection

Usefulness Actions taken to protect health based on the information provided by the surveillance system.

A measure of the impact of the surveillance system
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representativeness [46, 50], where accurate data on the

presence/absence of infection and the demographic

heterogeneity is needed if these attributes are to be

calculated. Representativeness in particular is rarely

assessed fully [73, 110].

Relationships between attributes were rarely inves-

tigated. An exception was a Bayesian network model

for analysis of detection performance in surveillance

systems, an approach which offered insights into the

trade-offs between sensitivity, specificity and timeli-

ness [65].

Performance indicators

Five articles described the development and calcu-

lation of PIs to evaluate surveillance systems for

tuberculosis in humans [79, 86], rinderpest (cattle

plague) [75, 106] and bovine clinical salmonellosis

[58]. PIs are time-delimited, denominator-based stat-

istics [75] which can be used to monitor the implemen-

tation of surveillance systems rather than for the

periodic evaluation of surveillance activities to deter-

mine whether these activities are meeting their objec-

tives. They allow the progress of surveillance to be

monitored by providing quantitative comparisons of

elements of the activity over time [106]. An example

of a PI would be the number of cases of the condition

of interest properly reported within 7 days of diag-

nosis, per 100 000 population. In the case of the

rinderpest eradication programme, PIs were further

subdivided into diagnostic indicators [106]. Diag-

nostic indicators are more detailed than PIs and

measure specific sub-steps in the surveillance process

[75]. Examples of diagnostic indicators include the

number of individuals sampled for which results were

reported, or the percentage of districts with up-to-

date report registries.

Generic evaluation frameworks

Four articles described three generic evaluation frame-

works which could be applied to a range of diseases

and situations [7, 17, 105, 107]. The generic nature of

these frameworks comes about from their common

structure which allows priorities to be varied accord-

ing to the specific objectives of each surveillance pro-

gramme. A series of core elements (such as zoonotic

importance or public concern) reflect the different

purposes of surveillance and may be chosen accord-

ingly. Each of these core elements contains a selection

of criteria to be evaluated (such as strength of evi-

dence). The criteria are judged through assessment of

attributes of the surveillance system. By varying the

priority of the core elements depending on the sur-

veillance objectives and choosing a different selection

of criteria to be evaluated using a range of attributes

each time, these frameworks appear flexible and truly

generic.

DISCUSSION

A distinct lack of standardization exists regarding

the best approach for evaluating surveillance systems

in order to facilitate decision-making in the fields

of animal or public health. The ten attributes rec-

ommended for evaluation by CDC [17] – simplicity,

flexibility, data quality, acceptability, sensitivity, posi-

tive predictive value, representativeness, timeliness,

stability and usefulness – were often assessed but

usually singly or in pairs rather than all ten together.

An evaluation based on only one or two attributes is

not likely to provide a complete, unbiased evaluation

of a surveillance system since multiple indicators are

needed for tracking the implementation and effects of

a programme [17]. Given that evaluation is defined as

the systematic assessment of the quality of something,

the large proportion of articles included in this review

that assessed only one or two attributes cannot be

considered complete evaluations. Indeed, it could be

argued that only about one quarter of the articles in

this review (27/99) performed a systematic assess-

ment, by addressing five or more attributes (Fig. 3) to

form a balanced evaluation of a surveillance system.

While the optimal number of attributes for assessment

is likely to vary depending on the objectives of each

evaluation, between five and 10 attributes per evalu-

ation are likely to be required to provide a complete

evaluation. Defining too few will not result in a sys-

tematic assessment and defining too many can detract
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from the evaluation’s goal by making it a huge task

to gather data and making interpretation difficult.

In some cases a complete evaluation may not be

required to achieve the objectives of the evaluation

process. For example, an evaluation of a limited

number of parameters allowed the relative value of

different surveillance strategies to be assessed resulting

in recommendations that allowed substantial cost

savings [9].

Focusing on the relative value and relationships

between attributes may allow the identification of a

limited number of ‘core’ characteristics which when

all considered will allow for a holistic evaluation. For

example, simplicity appears to be positively related to

acceptability, with staff willingness to participate in

surveillance being high if the system is simple and easy

to use [105]. In the same way, a reliable system (one

that functions without failure, which often means ab-

sence of complex technology) is likely to have higher

acceptability to users than a system that frequently

fails [66]. Thus, assessment of acceptability should

capture much of the essence of simplicity and re-

liability too. Similarly, the three attributes sensitivity,

specificity and positive predictive value all give related

information and so assessment of one or two might be

sufficient. Some authors have made suggestions for

grouping related or comparable attributes [107, 109].

However, it may still be important to evaluate several

related attributes individually. For example, a system

could be extremely sensitive (detecting all cases of a

disease) but if specificity was low, many of the ap-

parently positive cases would in fact be false positives.

This would dilute any benefit provided by the high

sensitivity. Because sensitivity and specificity are re-

lated, but provide different information, they ought to

be estimated simultaneously [5], taking into account

the evaluation objectives. Theoretical work indicates

it may be possible to incorporate sensitivity, speci-

ficity and timeliness into a single metric [111] although

interpretation of the combinedmeasure is not straight-

forward. In addition, some attributes may provide

information that is more relevant to the assessment of

the worth of a surveillance system than other related

attributes. For example, it has been suggested that the

number of lives saved could be used rather than time-

liness to evaluate surveillance systems for outbreak

detection [112].

At best, only moderate agreement seems to exist

concerning which attributes of a surveillance system

should be assessed. This may be because the value of

each attribute to decision-makers varies depending on

the surveillance objectives. A surveillance system de-

signed to prove freedom from infection will require

a higher sensitivity than a system which tracks the

prevalence of a widespread endemic disease, for ex-

ample. Although sensitivity and timeliness were each

assessed in over half of the studies included in this

review, this may be as much due to data availability

and their ease of calculation rather than their par-

ticular usefulness to decision-makers in facilitating

early detection of infection. Surveillance objectives

were often not stated in the articles reviewed and so

the reasons for choosing certain attributes for assess-

ment were not always apparent. The objective of the

evaluation process should be clearly stated and the

evaluation designed accordingly, rather than being

dictated by convenience. An assessment of the pur-

pose of the surveillance activity should be included as

part of the evaluation process.

Both quantitative and qualitative methods were

used as part of the evaluation process. The com-

monest approach to evaluation used in the systems

reviewed – comparing surveillance output (such as the

number of reported cases of the disease under sur-

veillance) with another dataset (e.g. official records of

the incidence of the same disease) – should be applied

with caution. In the absence of a reliable gold stan-

dard against which to compare, this approach has the

potential to introduce significant bias [110]. In such

situations, relative sensitivity rather than true sensi-

tivity of the surveillance system is being determined

[e.g. 73, 86, 97]. These figures may be very different,

and artificially inflate the apparent sensitivity of the

system. Sensitivity need not be high for a surveillance

system to be useful (exactly how high it needs to be

will vary with surveillance objectives) but the surveil-

lance methodology must remain stable over time if

trends in sensitivity are to be interpreted meaningfully

[17, 113]. A single measurement of relative sensitivity

is on its own arguably of little use.

A possible solution to under-ascertainment is the

use of CRC methods to estimate the unobserved

population with the event under study. This gives in-

formation on the size of the ‘true ’ population against

which surveillance output can be assessed. This ap-

proach, commonly used in ecological studies [114], is

increasingly being applied to evaluate public health

surveillance [30, 40, 52, 82, 87], but has rarely been

applied in animal health surveillance evaluation [115].

The aim of CRC models is to estimate the number of

individuals with the characteristics of interest that are

not detected by any of the surveillance sources in
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place. Once this estimate is obtained, it is possible to

compute the total population with that characteristic,

as well as the sensitivity of the surveillance system

[110]. Greater application of CRC methods would

enhance animal health surveillance evaluation by

improving the accuracy of sensitivity estimates. It

is likely to be beneficial to use a combination of

quantitative (e.g. CRC) and qualitative (e.g. inter-

viewing the surveillance actors) techniques to assess

each attribute so that information is captured on the

possible reasons for a certain measured level and

perhaps indicate actions which may be undertaken to

improve it.

It is surprising that economic evaluation is not

an integral part of more surveillance evaluation

programmes: only 28/99 articles included an assess-

ment of cost or cost-effectiveness. The cost of ob-

taining surveillance information needs to be balanced

against the benefits derived, so examining the outputs

of surveillance is only half the process. The most com-

monly followed guidelines – those of CDC [17] –

suggest that costs may be judged relative to benefits

but do not explicitly advocate that this be an integral

part of all surveillance evaluations nor indicate how

this may be done. This is an area that could usefully

be expanded, since the CDC guidelines were the source

most frequently referred to by articles included in the

present review. While ensuring cost-effectiveness

might be expected to be of higher priority in animal

rather than human health surveillance (where social

factors might be valued higher), there appears to be

no difference between human and animal surveillance

schemes, with 29% (21/73) of human studies and 27%

(7/26) of animal studies including cost-effectiveness as

part of the surveillance evaluation process.

PIs were used in the evaluation of only four sur-

veillance programmes covering three diseases (two

of animals and one of humans). Given that PIs allow

continuous monitoring – as opposed to periodic

evaluation – of a surveillance system, it is perhaps

surprising that they are not more widely documented.

One reason may be a perception that they require the

collection and analysis of lots of detailed data.

However, this need not – in fact, should not – be the

case [106]. PIs should reduce the wide range of quan-

titative information to one or two measures. Such

measures can be even more informative if they include

a measure of cost-effectiveness, such as cost per per-

centage point increase in PIs [86]. PIs should be set at a

realistic target balancing minimal requirements with

objectives for improvement [75]. Another possible

reason for the scarcity of PIs in the literature could

be if they are used as part of an ongoing internal

monitoring programme but not published as part of a

formal evaluation. Proof that PIs are a valuable and

effective tool comes from their pivotal role in the re-

cent announcement of global rinderpest elimination,

the first ever animal disease to be wiped out [116].

Increased use – and reporting – of PIs would enhance

animal health surveillance evaluation by providing

robust summary quantitative measures of changes in

disease patterns over time.

Clear definitions and agreement on what each

attribute, indicator or criterion actually measure is

essential if surveillance evaluations are to be com-

parable and universally understood. The most ac-

cepted reference for definitions of attributes appears

to be the CDC guidelines for evaluating public health

surveillance systems [17], although not everyone ap-

pears to follow these. For example, completeness and

accuracy are included under the definition of sensi-

tivity in one paper [95] while they are taken to indicate

quite different things elsewhere [17]. Use of non-

standard terms can also lead to confusion. The dis-

tinction between ‘reporting efficiency’ and sensitivity

is not clear in one article [29]. Similarly, the difference

between generalizability and portability is not explicit

in an evaluation framework [109]. Last, the use of the

word ‘quality’ to describe surveillance schemes in a

general sense [99] (as opposed to meaning the com-

pleteness and accuracy of data) has the potential to

introduce misunderstanding. Definitions for the terms

used in this review are included in Table 5 and dis-

cussions have been initiated within the veterinary

surveillance community to clarify and where possible

standardize terminology [117] ; these discussions con-

tinued at a workshop prior to the International

Conference on Animal Health Surveillance in May

2011 (http://www.animalhealthsurveillance.org/).

In conclusion, there is currently no universally ac-

cepted standardized process to evaluate surveillance

systems for animal and human health. The most com-

monly cited guidelines for evaluating public health

surveillance systems – those of CDC [17] – have been

adapted for specific situations in the public health

field [7] and could be adapted for animal health use as

they were to produce an evaluation protocol that was

applied to evaluate scrapie surveillance in the USA

[73]. However, the CDC guidelines do not provide an

‘off-the-shelf ’ framework; rather they include a broad

selection of attributes whose use needs to be tailored

to each surveillance evaluation, a process which may
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be far from straightforward. Due to the wide range of

system attributes that may be assessed, methods which

collapse these down into a small number of grouped

characteristics by focusing on the relationships be-

tween attributes and their links to the objectives of the

surveillance system should be explored further. The

application of methods such as CRC and scenario-

tree analysis to improve sensitivity estimates is advised.

A generic and comprehensive evaluation framework

could then be developed consisting of a limited num-

ber of common attributes together with several sets

of secondary attributes which could be selected de-

pending on the disease or range of diseases under

surveillance. If there is to be a benefit to decision-

makers, and ultimately result in maximum impact, the

outputs of the surveillance need to be interpreted

correctly and communicated clearly to all who make

use of the system. Economic evaluation should be an

integral part of the surveillance evaluation process.

This would provide a significant benefit to decision-

makers who often need to make choices based on

limited or diminishing resources.
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