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a b s t r a c t
This paper reviews recent progress in the development of syndromic surveillance systems
for veterinary medicine. Peer-reviewed and grey literature were searched in order to identify surveillance systems that explicitly address outbreak detection based on systematic
monitoring of animal population data, in any phase of implementation. The review found
that developments in veterinary syndromic surveillance are focused not only on animal
health, but also on the use of animals as sentinels for public health, representing a further
step towards One Medicine. The main sources of information are clinical data from practitioners and laboratory data, but a number of other sources are being explored. Due to
limitations inherent in the way data on animal health is collected, the development of veterinary syndromic surveillance initially focused on animal health data collection strategies,
analyzing historical data for their potential to support systematic monitoring, or solving
problems of data classiﬁcation and integration. Systems based on passive notiﬁcation or
data transfers are now dealing with sustainability issues. Given the ongoing barriers in
availability of data, diagnostic laboratories appear to provide the most readily available data
sources for syndromic surveillance in animal health. As the bottlenecks around data source
availability are overcome, the next challenge is consolidating data standards for data classiﬁcation, promoting the integration of different animal health surveillance systems, and
also the integration to public health surveillance. Moreover, the outputs of systems for systematic monitoring of animal health data must be directly connected to real-time decision
support systems which are increasingly being used for disease management and control.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
The evolution of disease control methods in veterinary medicine from campaigns and mass action to a new
phase of surveillance and selective action was deﬁned by
Schwabe (1982) as an epidemiological revolution, marked
by the use of epidemiological intelligence and analysis key
tools for diagnosis and decision making. The last decade has
witnessed a further step in this revolution, with “epidemio-
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logical intelligence” being progressively improved through
novel informatics and data mining techniques; these allow
analysis to be carried out on an unprecedented quantity of
data to identify novel and useful patterns in an automated
manner (Chen et al., 2005).
In this new context, providing effective and comprehensive approaches for systematic information management
and analysis plays a central role in achieving the goals of
disease surveillance (Zeng et al., 2005). While the concepts
behind integrating information from multiple sources are
not novel (McKendrick et al., 1995), the past decade has
seen an increase in research that is focused on developing, “the science and technologies needed for collecting,
sharing, reporting, analyzing, and visualizing infectious
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disease data and for providing data and decision-making
support for infectious disease”, which Zeng et al. (2005)
deﬁned as infectious disease informatics. This is an interdisciplinary ﬁeld, taking advantage of a range of information
technologies such as data sharing and security, geographic
information systems (GIS), data mining and visualization,
knowledge management, biostatistics and bioinformatics
(Chen et al., 2005; Zeng et al., 2005).
The uptake of these approaches gained momentum
when bioterrorist events, such as the anthrax attacks of
2001, and outbreaks of emerging infectious diseases, such
as SARS (Bravata et al., 2004) underlined the necessity to
recognize patterns indicative of a possible introduction of
human pathogens, natural or not, as early as possible. Using
the tools provided by infectious disease informatics, real
time surveillance systems were developed to make use
of pre-diagnosis data already available and automatically
collected (Mandl et al., 2004a), such as sales of over-thecounter medicine, absences from work or school, patient’s
chief complaint upon emergency visit, or laboratory test
orders (Wagner et al., 2001; Sosin and DeThomasis, 2004).
Due to the lack of speciﬁcity associated with prediagnosis data, this new type of surveillance targets
general groups of diseases, or syndromes, and is therefore often referred to as “syndromic surveillance”. The
Centers for Disease Control (CDC, USA) has deﬁned as
syndromic surveillance those approaches which make
use of “health-related data that precede diagnosis and
signal with sufﬁcient probability of a case or an outbreak
to warrant further public health response” (Centers for
Disease Control and Prevention, 2006). While less speciﬁc
than conﬁrmatory diagnosis, data used for syndromic
surveillance is more timely (Shmueli, 2010), allowing for
real-time or near-real-time analysis and interpretation of
data (Fricker, 2006). The assumption is not that the data
are representative of the disease burden in the population
(and usually no attempt is made to estimate such parameters, as various biases are recognized to exist), but that
they are sensitive to changes to the level of disease in the
population, containing an early, though weak, signature
of a disease outbreak (Yahav and Shmueli, 2007). While
syndromic surveillance deﬁnitions focus on early detection
of disease, Henning (2004) highlights the fact that with
the continuous use of such systems longitudinal data are
being accumulated, allowing for a broader achievement;
“the use of existing health data in real time to provide
immediate analysis and feedback to those charged with
investigation and follow-up of potential outbreaks”.
In veterinary medicine the development of systems
for early detection of diseases followed a similar path
to that taken in public health. Recent focus on the “One
Medicine” concept has resulted in an increased awareness
that the early detection of outbreaks in animal populations, whether zoonotic or not, can be of great public health
importance.
While the past decade has seen a growth in the literature dealing with novel surveillance approaches, including
a great increase in the use of cluster detection techniques
applied retrospectively to data, to the authors’ knowledge
there exists no systematic overview of the application of
syndromic surveillance to veterinary medicine. This paper

reviews the current progress towards developing syndromic surveillance in veterinary medicine, deﬁning as
such all those systems that explicitly address outbreak
detection based on systematic monitoring of population
data. While this review focuses on syndromic surveillance
systems that are already operational or are in their implementation phase, we also review studies investigating the
potential for early detection of disease using alternative
types of data available in animal health, to help the reader
gain a sense of potential future developments.

2. Population coverage and timeliness in syndromic
surveillance
A primary assumption of any syndromic surveillance
system is that the behaviour of the population changes
when their health is affected, and that clusters (in space
or time) of these behavioral changes can be detected if the
population is continuously monitored (Mandl et al., 2004a).
Therefore, syndromic surveillance systems can be designed
to minimize the main limitations of passive surveillance
methods based on laboratory conﬁrmation and disease
reports by clinicians (Bravata et al., 2004), namely: chronic
under-reporting; a long time lag between outbreak onset
and diagnosis; and a low sensitivity as a result of the high
speciﬁcity of these methods. The low sensitivity of traditional surveillance relates to the focus on one disease or a
list of reportable diseases, and the dependence on the ability of the clinician to recognize the clinical signs of speciﬁc
diseases, a special limitation in case of rare or emerging
diseases (Salman, 2003; Shephard, 2006; Shaffer, 2007).
In Fig. 1, the timeline and population coverage associated with different surveillance strategies is schematically
presented for three different target populations: humans,
livestock and companion animals. Syndromic surveillance
aims at reducing the time lag associated with passive
surveillance by monitoring populations before laboratory
conﬁrmation. Under-reporting is also minimized by the
systematic, continuous screening of information at earlier
stages in the disease process. As illustrated in Fig. 1, population coverage is reduced as the timeline of the disease
process continues from the general population to laboratory conﬁrmation of diseases. Doherr and Audige (2001)
have noted that in this “pyramid of scrutiny” the animal
owners and the veterinary practitioners act as a serial
testing scheme, and the volume of laboratory submission
reﬂects their judgement on the cost-beneﬁt ratio associated with the laboratory tests.
The scheme in Fig. 1 also indicates the loss in timeliness
as surveillance is applied further along in the disease process. Timeliness refers to “the difference between the onset
of an outbreak and the discovery of the outbreak” (Wagner
et al., 2001). Buckeridge (2007) reviewed the determinants
of detection in automated surveillance systems in public
health, pointing out characteristics of the system and of
the outbreak that affect detection. The exact characteristics of the outbreak are unpredictable, but systems should
be designed based on the expected characteristics of the
disease(s) that it aims to detect (Mandl et al., 2004a). The
characteristics of the system listed by Buckeridge were the
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Fig. 1. Schematic representation of the disease continuum in a population, and the surveillance opportunities according to population targeted, and type
of data used. The scheme illustrates the proportions of subjects in each step of the disease process, for each of the three populations, in comparison to their
initial population. The absolute number of livestock, companion animals and humans exposed to any given disease is not likely to be equal, and the top
bars should be interpreted as the scaled total population. Proportions are illustrative only. Similarly, icons are not intended to represent a true count, but
to illustrate comparative abundance.

choice of data source, the sampling strategy of the system,
and the detection algorithm choice and settings.
The gain in timeliness as surveillance is applied closer
to the top of the scheme shown in Fig. 1, in comparison to the reporting of laboratory results, is usually based
on the assumption that outbreak discovery closely follows the identiﬁcation of positive cases (Shaffer, 2007).
In reality, this will only be true for the introduction of
diseases in previously free zones/countries (any positive
case is considered an alarm), and in this special case laboratory conﬁrmation depends on the veterinarian having
suspected the disease despite its absence in the region, and
the laboratory having the speciﬁc test for it. Where the correct tests are not ordered/performed, or the outbreak event
represents a sudden increase in the incidence of an endemic
disease, its detection would likely occur much later in the
disease process, if at all, in a situation where continuous
statistical monitoring is not in place.
3. Syndromic surveillance initiatives in veterinary
medicine
Scientiﬁc literature was reviewed using the following
Medical Subject Headings (MeSH): cluster analysis, disease

outbreak/veterinary, biosurveillance, medical informatics applications, and public health informatics. Keyword
searches were primarily applied on PubMed and CAB
Abstracts. The search was last updated in January 20111.
Electronic grey literature was searched using these terms
and also “syndromic surveillance” and “early disease
warning”. Proceedings of the annual conferences of the
International Society for Disease Surveillance (ISDS),
symposiums of the International Society for Veterinary
Epidemiology and Economics (ISVEE) and Conference of
Research Workers in Animal Disease (CRWAD) dated back
to 2000 were screened individually. References within the
papers found were also scrutinized.
A cursory look at syndromic surveillance initiatives in
veterinary medicine reveals that this is an incipient ﬁeld,
and that a clear deﬁnition as to which systems should be
classiﬁed as “syndromic” is hard to achieve. We focused
our review on any surveillance systems based on the
systematic monitoring of animal populations, using data
sources that are timelier than traditional passive surveillance (as indicated in the left-most brackets of Fig. 1). For
the sake of structuring this review, systems that focus
primarily on detection of emerging diseases, registering
only atypical cases, are listed separately from systems that
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Table 1
Published initiatives in veterinary syndromic surveillance.
System/ref.

Location

Data

Focus

Animal type

Syndromes

Additional notes

VetPAD (McIntyre et al., 2003)

New Zealand

Clinical data from
practitioners

Surveillance of animal
diseases

Livestock

Not aggregated (all clinical
cases)

Use of handheld computers.
Engages participation by providing
software that contributes to
practice management

Émergences (Vourch and Barnouin,
2003; INRA website)

France

Clinical data from
practitioners

Early detection of
emerging diseases

Access through website,
information includes
follow-ups

Rapid Syndrome Validation Project
for Animals (DeGroot, 2005)

United States

Clinical data from
practitioners

Early detection of
emerging diseases

“Any species, any
country, any disease” –
focus on atypical cases
and “model diseases”
Livestock

National cattle health surveillance
system (Bartels et al., 2006)

The Netherlands

Early detection of
emerging diseases

Cattle

BOSS (Shephard, 2006)

Australia

Unsolved cases by
farmers or
veterinarians
Observations from
producers and stock
workers

Surveillance of animal
diseases

Livestock

Software (BOVID) receives
input concerning disease
signs, and groups episodes
into organ systems

Purdue University-Banﬁeld
National Companion Animal
Surveillance (Glickman et al.,
2006)

United States

Clinical and laboratory
data, direct transfer

Sentinels for zoonotic
diseases; portal for
evidence-based medicine

Companion animals

Using pre-dx data from vet. lab. to
detect disease outbreaks in
companion animals (Shaffer,
2007)
LAHVA: Linked Animal-Human
Health Visual Analytics
(Maciejewski et al., 2007)
FarmFile (Gibbens et al., 2008)

United States

Laboratory
microbiology tests
submissions

Sentinels for zoonotic
diseases

Companion animals

Retrospective pilot: tick
and ﬂea vector activity;
leptospitosis and ILI. Plan
to focus on other
syndromes
Direct map of test orders
into 11 syndromic groups

United States

Sentinels for zoonotic
diseases

Companion animals

Pilot: seasonal ﬂu and
wastewater contamination

United Kingdom

Clinical data from
human and pet
hospitals
Laboratory results

Surveillance of animal
diseases

Livestock

SAVSNET (Tierney et al., 2009)

United Kingdom

2 steps: (1) laboratory
results; (2) real-time
practice-based

Surveillance of animal
diseases

Companion animals

Focus on “Diagnostic Not
Reached” events to assess
the risk of new diseases
emergence
Piloted using GIT

Syndromic surveillance among
livestock entering an auction
market (Van Metre et al., 2009)
Alberta Veterinary Surveillance
Network (Checkley et al., 2009)

United States

Animal observations by
veterinarian during
auction market days
Disease and
non-disease events
from practitioners
Clinical data from
practitioners

Surveillance of animal
diseases

Livestock

Syndromic groups

Surveillance of animal
diseases

Livestock

Syndromic groups

Surveillance of animal
diseases

Livestock

Summarized by body
system and production
effects

Canada

Various options for electronic
transfer of data
Data compilation and analyses are
done weekly by a surveillance
team, not automated
Takes advantage of audience in
daily contact with animals;
software to help producer with
diagnosing the problem engages
participation
Makes use of already computerized
and centralized database, allowing
for daily automated analysis and
great geographical coverage
Makes use of already computerized
database, allowing for daily
automated analysis. Use of test
orders is timelier than results
Links in one tool the surveillance in
public and animal health
Not real-time, post-result based,
but the focus on non-diagnosed is
innovative and adds values to the
current surveillance
Focus on information sharing to
beneﬁt not only population
medicine, but also individual,
evidence-based medicine
Conceptually, can be implemented
in handheld computers and give
immediate feedback
Part of a network supported also
by pathologists and an
investigation network
Formally evaluated to assess
compliance, completeness,
coverage and timeliness. Results
show good acceptance
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Ontario Swine Veterinary-based
Surveillance System (OSVS)
(Amezcua et al., 2010)

Canada

Focus on 6 groups of
non-routine clinical
syndromes
Focus on individual
diseases.
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Table 2
Peer reviewed publications investigating the potential of different datasets in implementing veterinary syndromic surveillance systems.
Study

Location

Type of data

Goal

Animal type

Syndromes

Evaluation

Salmonella outbreaks
detection (Kosmider
et al., 2006)

United
Kingdom

Laboratory
results

Public and
animal health
surveillance

Livestock

Salmonella
Typhimurium cases

Laboratory data use for
syndromic
surveillance (Stone,
2007)

New Zealand

Laboratory
submissions

Animal disease
surveillance

Livestock

Test orders directly
mapped into
syndromic groups

West Nile virus
outbreak detection
(Leblond et al., 2007)

France

Clinical data
from
practitioners

Sentinels for
humans

Horses

Neurological
clinical cases

Early-warning system
to reduce abortions
in dairy cattle
(Carpenter et al.,
2007)
Detection of abortion
in mares (Odoi et al.,
2009)

Denmark

Clinical data
from
practitioners

Animal disease
surveillance

Livestock

Abortion

United States

Laboratory
submission

Animal disease
surveillance

Horses

Abortion

Assess the
improvements needed
in the data collection
process to allow for the
implementation of
early detection systems
Discusses the potential
of the data for use in
syndromic
surveillance, and the
inherent biases
Retrospective analysis
of an outbreak: alarm
could have been 4
weeks earlier
Evaluation of the
system included costs
of false alarms versus
the cost of operating
the system
Retrospective analysis
of an outbreak: would
have detected 1 week
earlier

target animal health surveillance as a whole. The latter are
based on monitoring all clinical cases, aiming at detecting
not only disease introduction, but also changes in trends
of endemic disease. Systems that monitor animal health
with the primary purpose of detecting zoonotic threats for
public health protection are also grouped separately. For
reference, all the systems are listed in Table 1 (in chronological order by publication date). Peer reviewed papers
evaluating the potential of speciﬁc datasets for syndromic
surveillance, but not reporting the implementation of any
system, are listed in Table 2.
3.1. Syndromic surveillance based on notiﬁcation of
atypical cases
Vourc’h et al. (2006) presented a list of 14 emergence
events associated with animal disease, and claimed that
in most of these the key to detection was the observation of unusual signs or an unusual combination of signs.
The same authors argue that focusing on solely reporting
atypical cases (as opposed to monitoring trends for several
unspeciﬁc clinical signs) can reduce the reporting load and
requirement for disciplined coverage associated with the
general syndromic surveillance approach.
The émergences system (Vourc’h and Barnouin, 2003)
was developed in France based on two components: a
farmer component via routine surveys on farms, and a veterinarian component (Vourc’h and Barnouin, 2003). The
veterinarian participation is based on atypical clinical case
notiﬁcation on a website (INRA, 2010 – National Institute for Agricultural Research), and follow-ups. Monthly
conﬁrmation of vigilance is requested from veterinarians
not reporting any atypical cases. The system also tracks
diseases with emergence potential and/or known public health importance. The system currently focuses on

bovines but it is built to be generic allowing its application
to, “any species, any country, any disease”.
Passive reporting of atypical cases is one of the components of the national cattle health surveillance system
implemented in The Netherlands in 2003 (Bartels et al.,
2006). Farmers or veterinarians report incidents not fully
understood, motivated by the availability of specialists who
visit the farm free of charge, in order to collect detailed
information and investigate the problem. The system is
complemented by the continuous collection of census
data, pathology diagnosis in carcasses, toxicology tests,
and periodical prevalence studies. While this represents
an innovative system for early disease detection and information collection, the data compilation and analysis is
performed by a surveillance team meeting weekly, rather
than automated. The team looks for signs of introduction of
speciﬁc emerging diseases, or analyzes trends of particular
diseases, rather than grouping information into syndromes.
Quarterly reports are made available to the public.
The Rapid Syndrome Validation Project (RSVP) was ﬁrst
developed for public health, and later applied to cattle
populations (RSVP-A) (DeGroot, 2005). Clinical presentations are grouped into six syndromic groups that purposely
focus on less common endemic disease presentations,
and exclude the most common diseases and production
problems. Several forms of data capture are available for
veterinarians to report observed cases, as hand-held computers, cell phone, phone and fax lines, and the Internet.
3.2. Syndromic surveillance based on analysis of all
clinical cases
Because the clinical signs of diseases observed in animals can vary depending on a great number of factors
(Davis, 2004b), disease introduction events may initially
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present as a collection of unspeciﬁc signs. Practitioners
may therefore fail to diagnose diseases outside their sphere
of experience. Alternatively the signs may not be speciﬁc enough to allow recognition that a new disease has
been introduced (Elbers et al., 2006). Recognizing this,
more surveillance systems are designed to monitor general signs, rather than speciﬁc diseases or only atypical
cases.
In 2003, McIntyre et al. reported on VetPAD, an initiative
in New Zealand which aims to take advantage of veterinary
practitioner data to improve disease surveillance capability. Understanding that for the system to be sustainable and
keep veterinarians engagement it needed to be simple, and
offer some advantages for participation, the initiative was
based on providing software that would help the practitioner manage her/his practice using a handheld computer,
which would electronically transfer data to the surveillance program. The data recorded includes all clinical cases
attended by the veterinarian, and goes beyond diagnosis,
recording also procedures, treatment, laboratory samples,
medications, etc.
Initiatives to collect practitioner data are also being
developed in Canada, through the Alberta Veterinary
Surveillance Network (Berezowski et al., 2006; Checkley
et al., 2006, 2009) and the Ontario Swine Veterinarybased Surveillance System (OSVS) (Amezcua et al., 2010).
In the former veterinarians are encouraged to report all
their daily animal health consultations. The veterinary
surveillance system is also supported by pathologists and
an investigation network, through which producers and
other people in contact with livestock can report atypical
observations. The OSVS is focused on swine veterinarians, using a variety of recording systems including paper
forms and handheld computers, adapted to each clinic’s
management.
In Australia a system for electronic capture of syndrome data from livestock has been piloted (Shephard,
2006; Shephard et al., 2006a,b). The Bovine Syndromic
Surveillance System (BOSS), a voluntary, producer-driven
surveillance system, extends the target audience beyond
the veterinarians, including lay observers who are in daily
contact with cattle, such as stock inspectors, farmers and
stock workers. The method used to engage participation
is to provide a generic cattle disease diagnostic program
– based on the BOVID system (Brightling et al., 1998) –
through which the producers can get a ranked list of differential diagnoses based on the signs observed in their
cattle, and be advised of the precautions to take. The
information that the producer feeds to the software for
decision are exactly those that the surveillance program
can take advantage of animal characteristics, numbers
affected, time and place of occurrence, duration of the disease event, and management information regarding the
herd.
Recognizing that new or emerging diseases can go undiagnosed due to the lack of speciﬁc tests, in Great Britain
a system of syndromic surveillance has been developed
based on laboratory submissions for which a diagnosis was
not reached. Building on the Veterinary Investigation Diagnosis Analysis (VIDA) system, the FarmFile system (Gibbens
et al., 2008) among other improvements, included statis-

tical monitoring of the ratio of “Diagnosis Not-Reached”
(DNR) samples to the total samples processed. Even though
this system is not designed to operate in real-time and uses
information from the test results phase, a number of syndromic surveillance techniques are adopted by FarmFile,
including grouping test requests (including DNR) according
to the body system affected, and an on-going monitoring
of trends. Moreover, the focus on DNR samples represents
an innovative initiative, potentially increasing the ability of the current surveillance to account for emerging
diseases based largely on what was previously discarded
data.
All the systems previously mentioned are focused on
livestock. Syndromic surveillance systems targeting companion animals are usually designed with focus on public
health, as discussed in the following topic. An exception is Small Animal Veterinary Surveillance Network
(SAVSNET) (Tierney et al., 2009; University of Liverpool,
2010), in development at the University of Liverpool.
Besides monitoring disease trends, the project also aims
at making the collected information via reports in a
website.
Also in the United Kingdom, the National Animal Disease Information Service (NADIS) (Anon, 2010) deserves
attention for its support to animal disease monitoring and
evidence-based medicine. Even though the system is not
syndromic or prospective, it does include a unique network of 60 veterinary practices and six veterinary colleges,
monitoring diseases in cattle, sheep and pigs, and publishes
publicly available reports of disease trends and parasite
forecasts.
3.3. Syndromic surveillance focusing on public health
(animals as sentinels for human diseases)
Ashford et al. (2000) and Davis (2004a) reviewed the
role of veterinarians in the preparedness against bioterrorism, based on the fact that almost all the biological
bioterrorism agents listed by a group of experts gathered
by the CDC in the United States in 1999 are zoonotic.
Rabinowitz et al. (2006) reviewed several diseases with
bioterrorism potential and the role of animal populations
in their detection. This is based on the assumption of one
or more of the following factors being true: the ‘sentinels’
have increased susceptibility, would present with a shorter
incubation period, are likely to be exposed sooner or more
intensively and continuously through the environment; or
simply because the concomitant observation in humans
and animals would add conﬁdence to the detection of a
natural or introduced disease threat. As Fig. 1 illustrates,
depending on the disease, the number of sick animals
can indeed exceed the number of sick humans. Moreover,
domestic animal populations may be easier to observe or
test.
Syndromic surveillance systems collecting animal
health data for public health surveillance focus mainly on
zoonotic diseases. These systems have thus far been largely
based on companion animals, due to their proximity to
humans, but their choice of targeted animals can also be
based on the susceptibility of the different species, and
their potential to signal disease before humans. Examples
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of the latter are the systems based on the higher susceptibility of crows and horses to West Nile virus (Mostashari
et al., 2003; Davis, 2004b; Johnson et al., 2006; Shuai et al.,
2006; Leblond et al., 2007). One unique initiative highlighted the potential of zoo animals as sentinels, focusing
also on West Nile virus detection (McNamara, 2007).
Animal data has been incorporated into a few
implemented syndromic surveillance systems for human
populations. Those reported in the literature include: the
Electronic Surveillance System for the Early Notiﬁcation
of Community-based Epidemics (ESSENCE) (Babin et al.,
2003), the North Dakota Electronic Animal health Surveillance System (Goplin and Benz, 2007) and the Multi-Hazard
Threat Database (MHTD), a disaster preparedness project
of the North Carolina Department of Agriculture and
Consumer Services (2007). Brianti et al. (2007) investigated the potential for improving public health surveillance of leishmaniosis by a retrospective survey which
included data from veterinary practitioners and from
hospitals.
Glickman et al. (2006) highlighted the gap in our understanding of the dynamics and disease burden in companion
animals even though they are in daily contact with humans.
The authors were responsible for implementing a National
Companion Animal Surveillance Program (NCASP) in the
United States in 2004 which took advantage of large
amounts of computerized data from a major chain of pet
hospitals in that country (450 hospitals), complemented
by access to the computerized database from a network of
diagnostic laboratories serving 18,000 pet hospitals. The
system allows daily data analysis of all clinical visits to
the hospital network. Results based on monitoring tick
infestation, leptospirosis in dogs and the occurrence of
inﬂuenza-like illness (ILI) in cats, have demonstrated the
feasibility of conducting parallel syndromic surveillance in
animals and humans.
Shaffer et al. (2007) evaluated the use of companion animals as sentinels of infectious diseases in humans by the
implementation of syndromic detection of diseases using
laboratory submission requests, also taking advantage of
the already available, electronic database of a laboratory
network. Microbiology test orders were transferred daily,
and directly mapped into 11 syndromic groups monitored
independently. The authors report the positive results in
using the system for population surveillance in a timely
manner, and highlight the wide geographic coverage given
by one single source of data.
Maciejewski et al. (2007) reported the construction of a
framework for joint analysis of human emergency room
data and veterinary hospital data (mostly pets), called
Linked Animal-Human Health Visual Analytics (LAHVA).
Human data is processed daily, while animal data is
received in batches every 1–3 weeks. The inclusion of animal data is considered to add sensitivity and speciﬁcity to
the surveillance, and takes advantage of the lower privacy
concerns regarding animal data. Besides temporal analyses,
the system advantages include the integration of different
data sources, and the visual analytic tools that integrate
human and animal data. Testing of the system was performed by retrospective analysis using seasonal inﬂuenza
and wastewater contamination.
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4. Data sources for syndromic surveillance in
veterinary medicine
In public health it has been noted that the ultimate
choice of target for syndromic surveillance (according to
the scheme in Fig. 1) depends on the balance between
quality and timeliness, and the weight of the costs of false
alarms and missed alarms. In animal health the decision
is further complicated by the scarce availability of suitable
data (Shephard, 2006; Smith-Akin et al., 2007), which for
the purposes of syndromic surveillance should be acquired
continuously, in an automated routine, be electronically
stored and timely available (Mandl et al., 2004a). Moreover, animal data is subject to more non-disease variation
than human disease data (Kosmider et al., 2006). The rate
of seeking care is not only related to the awareness and
severity of diseases, as in humans, but also, especially in
livestock, by cost. In turn, the rate of laboratory test submission is not only a result of diagnostic concerns; specimen
collection can also take place for a variety of other reasons
such as trade certiﬁcation, food safety monitoring, etc.
Shephard (2006) listed barriers to the development
of syndromic surveillance systems in animal health as
including the great diversity in species, production and
purpose, and the hierarchical structure of animal populations (in food production). Additional barriers relate to the
poor availability of data sources in comparison to human
medicine, due to less frequent capture, often in a noncomputerized format, as well as less well developed data
standards. This section will review how some of the initiatives listed in the previous section have dealt with the
problem of ﬁnding adequate datasets, and their strategies
to increase population coverage compared to voluntary
notiﬁcation of conﬁrmed cases.
4.1. Voluntary notiﬁcation
Coverage of systems based on passive notiﬁcation can be
increased by understanding the behaviour of the reporting
entities – veterinarians, animal owners, etc. – and designing ways to positively inﬂuence them. The challenge is to
ﬁnd a strategy that is not only successful, but also sustainable (Hoinville et al., 2009). As early as 1998, Gobar
et al. reported a program for surveillance of causes of death
in dogs, using the Internet to survey small animal veterinarians. The novelty resulted in 25 veterinarians actively
submitting case materials and promoting discussion, but
no report of the sustainability of the system and rate of participation over time was found. Shephard (2006) reported
a study to investigate the sustainability of implementing
a system based on veterinary voluntary reporting of clinical livestock cases. The results indicated that the system
would likely not be sustainable, especially due to veterinarians’ perceptions of limited personal value associated
with participation, and a view of increased risk of penalty
in case of reporting.
Systems that focus only on the reporting of atypical
cases, such as RSVP-A (DeGroot, 2005), the national cattle surveillance system in The Netherlands (Bartels et al.,
2006), and emergences (Vourc’h and Barnouin, 2003), aim
at keeping veterinarians involved by reducing the time
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demanded of them – the systems provide easy and quick
reporting, through handheld computers or websites. The
RSVP-A and the national cattle surveillance system in The
Netherlands also promote participation by giving information feedback to the public (in the form of publicly available
quarterly reports on the latter, but restricted to participating veterinarians in the RSVP-A). However, maintaining
compliance over time remains a great challenge (Mandl
et al., 2004a). Reports on evaluations of the sustainability
of these systems could not be found in the literature.
4.2. Clinical data
In contrast to human medicine, in veterinary clinics the
payment is due, in most cases, at the time of service, with
no requirement to transfer data to third-party payers, such
as insurance companies. This has caused veterinary clinic
data recording to be primarily focused on client and invoice
management, and there has been little incentive to develop
and implement standards for disease coding (Smith-Akin
et al., 2007).
Despite these bottlenecks, the use of computerized
records is becoming standard practice in companion animal medicine, offering opportunities for the collection of
syndromic data. The SAVSNET for instance (Tierney et al.,
2009; University of Liverpool), which plans to use practicebased, real-time collected data in its next implementation
step, will take advantage of the fact that around 20% of pet
clinics in the UK use the same software for practice management. The lack of data standards in veterinary medicine,
however, means that data integration among clinics using
different software remains problematic.
The opportunities for data integration increase with
the growth of corporate veterinary practices (Moore et al.,
2004). The Purdue University-Banﬁeld National Companion Animal Surveillance (Glickman et al., 2006) reported
a coverage of 2% of the total pet dog and cat population
in the United States, by using the centralized database
of Banﬁeld, a pet hospital chain widely spread across the
country (Maciejewski et al., 2007), and whose demographic
and medical information is completely computerized. Data
from the same hospital network are also used by the LAHVA
initiative (Maciejewski et al., 2007).
Automated collection of clinical data is harder for
systems targeting livestock due to the lower level of
computerization in large animal practices, compared to
companion animal practices. These systems depend on the
willingness of the veterinarian to comply and take the extra
effort of submitting their routine data to a surveillance
system. Engagement is sought by adapting the recording
system to the routine recording process of the practice
or by offering feedback to the veterinarians and farmers
by means of a complete investigation network, as in the
Alberta Veterinary Surveillance Network (Berezowski et al.,
2006; Checkley et al., 2006; Checkley et al., 2009). Assessments of system sustainability have not been reported.
Robotham and Green (2004) stated that systems that
depend uniquely on voluntary transference of routine
clinical data by veterinarians are not sustainable without any return to the veterinarian. Proposed methods
to increase veterinarian engagement include continuous

training, return of the information collected with added
value to the practitioners (Bartlett et al., 1986, 2010), and
ﬁnancial incentives to reporting (Checkley et al., 2009).
4.3. Herd management data
Automated monitoring of herd management data and
indicators of production quality have been reported and
reviewed (Bartlett et al., 2010; De Vries and Reneau, 2010).
However no reports on implementations of syndromic
surveillance systems based on these data were found. Mork
et al. (2009) compared data kept on farmers’ records to
the data reported by veterinarians to a dairy industry cattle database in Sweden, and showed that only 54% of the
disease events registered by farmers were treated by a
veterinarian. Even for those events that were reported by
both groups, the farmers kept information that was more
detailed and speciﬁc than that reported by the veterinarians.
The BOSS system (Shephard, 2006), even though based
on disease events, can be considered a system based on
direct herd information, as it represents an effort to involve
farmers directly. Rate of underreporting should theoretically be low, as it targets the population of animals
becoming sick, not the population of animals for which
veterinary care was sought. However, population coverage
will be limited by access to (and willingness to use) a computer. This is becoming less and less of a problem, as an
increasing number of herds are already managed with the
help of computerized systems.
The increase in the use of computerized herd management tools could offer another opportunity for surveillance.
The lack of uniform standards among systems may however complicate integration, and it would suffer from the
same problems discussed for capture of computerized clinical data.
4.4. Laboratory data
Laboratory test requests are a type of syndromic data.
They are timelier than results, and can be grouped in
syndromes according to the nature of the disease and/or
symptoms observed by the veterinarian (Pavlin et al., 2003;
Buehler et al., 2004; Ma et al., 2005). Stone (2007) investigated the potential of using laboratory test requests
for syndromic surveillance in veterinary medicine and
reviewed the potential biases associated with this type
of data. The author also pointed out the variability in the
submission rates year to year, and misclassiﬁcation biases
(veterinarian not submitting the right sample or requesting the correct test), but concluded that the data is suitable
for syndromic surveillance.
Laboratory test requests are more often automated and
electronically recorded than clinical data (Sintchenko and
Gallego, 2009) and therefore these data allow for the construction of a sustainable surveillance system. Laboratories
also represent a more centralized source of data, especially
in livestock medicine. However, their use depends on the
willingness of data owners to share these data (Glickman
et al., 2006).
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It has been reported that laboratory test orders suffer from the low submission of specimens as part of the
diagnostic process in veterinary medicine (Zurbrigg and
Blackwell, 2009). However, Shaffer (2007) assessed the
potential of microbiology test submissions for syndromic
surveillance in companion animals assuming that the consistency of test orders over time allows for the use of
these data in prospective monitoring, and that increases
in the number of test orders can be used as indicators of
an increase in disease burden. The availability of historic
data is another advantage of laboratory data in veterinary
medicine over other types of data, since some estimation of
a baseline of disease burden is needed in syndromic surveillance to compensate for the lack of denominator data.
Laboratory test requests screen a larger proportion of
the animal population than sick animals, as animals can be
tested for different purposes. Zhang et al. (2005) reported
that four different purposes were recorded as reason for
test requests in their laboratory data: diagnostic, export
testing, government monitoring, and industry monitoring.
The use of laboratory data in veterinary syndrome
surveillance appears to be a growing ﬁeld. The Canadian
Animal Health Surveillance Network (CAHSN), part of the
Canadian Food Inspection Agency, is establishing a network of federal, provincial and university animal health
diagnostic laboratories to implement an early warning system for animal diseases in real-time, especially diseases
with zoonotic potential (Canadian Food Inspection Agency,
2009). The website of the Gluck Equine Research Center (Gluck Equine Research Center, 2010) reported that
the Veterinary Diagnostic Laboratory in the United Kingdom is developing a syndromic surveillance system in near
real-time, also based on monitoring sample submissions.
Table 2 provides additional examples of investigations of
the potential of laboratory data on early disease detection
(Kosmider et al., 2006; Odoi et al., 2009).
4.5. Others
The limited number of implemented syndromic surveillance systems in veterinary medicine use the sources of
data noted above. However, a variety of alternate data
sources are being explored for their syndromic surveillance
potential.
Egenvall et al. (1998) and Penell et al. (2007) have
assessed the quality and completeness of computerized
insurance data from dogs and cats, and horses respectively.
If the use of health insurance grows in veterinary medicine,
these data may provide a source of centralized information, and the use of coding standards may become more
widespread.
The work of Van Metre et al. (2009) investigated the
use of direct observation in auction markets. The advantage of this method is associated with the opportunity to
screen a large number of animals at once, and especially of
reaching smaller operations which may be systematically
excluded of other surveillance methods due to a lower frequency of veterinary care (Van Metre et al., 2009). Even
for the population under veterinary care, observations in
auction markets may be timelier than the observation of
clinical cases.
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Abattoirs represent a unique source of data for veterinary surveillance, compared to public health. Engle (2006)
used the condemnation data available through the electronic Animal Disposition Reporting System (eADRS) from
the Food Safety and Inspection Services (FSIS) in the USA,
and concluded that a swine erysipelas outbreak in Iowa
and Minnesota during July 2001 could have been identiﬁed up to 10 months earlier if automated analysis of the
data had been in place. Weber (2009) also evaluated the
potential for using condemnation data to set up an animal
health monitoring system. Benschop et al. (2008) provided
a thorough temporal and spatial analysis of abattoir data
collected by the Danish Swine Salmonellosis Control Programme, and its potential for temporal monitoring and to
improve surveillance design.
McNamara (2007) drew attention to the fact that zoos
are an often overlooked source of surveillance data. The
author highlighted their role as epidemiological monitoring stations, as they “contain a population of known
individuals at a point-source location that are followed over
time”. Zoos have historical data on animal tests that are performed as animals are received and regularly throughout
their life. The author reported the success of a “Surveillance
for West Nile Virus in Zoological Institutions” that ran successfully for 4 years, and is now being used as a model for
expanding H5N1 surveillance in the United States.
Smith et al. (2006b) presented even more innovative ideas to collect livestock health information that
goes beyond clinical, sporadic information. The authors
are developing a telemonitoring system that continuously
transfers animal health data from devices permanently
worn by the animals. Data would be collected and monitored continuously through devices placed in points of
animal agglomeration within the farm. Evaluations of the
system, especially of its cost-effectiveness, are not yet
available.
5. Implementation of disease aberration detection
from animal health data
Fig. 2 summarizes the process of using animal health
data sources to monitor disease trends and detect temporal
or spatial aberrations in the number of cases. Comprehensive reviews of each of the components of a syndromic
surveillance system are available elsewhere (Lober et al.,
2004; Mandl et al., 2004a; Shephard, 2006; Shaffer, 2007).
The focus of this review is on the particular characteristics of veterinary syndromic surveillance, in livestock and
companion animals.
5.1. Deﬁnition of events and syndromes
Automated disease monitoring systems must make a
clear deﬁnition of what constitutes one event in the data
available, as the statistical analyses are typically based on
observed counts. For companion animals each patient entry
is usually considered to represent an event, as long as there
is no evidence that repeated encounters are associated with
the same health event. In the case of livestock, health events
are usually enumerated at herd level.
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Fig. 2. Process of monitoring disease trends and detecting clusters using animal health data sources. Synd: syndrome.

Once the events have been identiﬁed, identifying the
criteria to be used to group these into speciﬁc syndrome(s)
and devising reliable/automated data classiﬁcation protocols are essential components of an early epidemic
detection system (Ivanov et al., 2002; Mandl et al., 2004a).
The classiﬁcation protocol must be based on the system
goals, but must also relate on the speciﬁc data in hand, as
the data grouping will likely inﬂuence the performance of
the alert detection algorithm (Shaffer, 2007).
In public health, clinical data is usually coded for billing
purposes using standard nomenclatures, and coding standards for laboratory data are also available, allowing for
the integration of multiple sources of data. When clinical
or laboratory data are coded, classiﬁcation can often be performed by directly mapping codes into syndromes. When
data are not coded, automated classiﬁcation algorithms
must be trained to recognize relevant medical information
on the data, and determine the syndrome associated with
each event/unit. A common example is the use of text mining algorithms to extract information from text entered by
nurses during triage in emergency rooms (chief complaint
data) (Ivanov et al., 2002).
Vocabularies and standards for data classiﬁcation are
not as uniﬁed in animal health (Smith-Akin et al., 2007)
as is the case for human health. Wurtz and Popovich
(2002) reported on the range of codes that do exist, but

noted that these are not widely used in clinics. Numerical
codes are available through the Standardized Nomenclature for Veterinary Diseases and Operations (SNVDO), and
the National Animal Health Reporting System (NAHRS). In
addition veterinary input has been incorporated into more
general health ontologies such as HL7, LOINC, and SNOMED
(which has been renamed the “Systematized Nomenclature
of Human and Veterinary Medicine). Bartlett et al. (2010)
reported that the Veterinary Medical Data Base (VMDB),
created in 1964 to store all clinical cases seen in veterinary
teaching hospitals across North America, is not up to date
because several schools are behind in coding their cases for
upload to the database; a problem that would not exist if
hospitals already coded their cases routinely under a standard system. None of the surveillance systems presented in
this paper reported using a standard classiﬁcation system.
In the absence of standard nomenclature, a key element
in the implementation of any syndromic surveillance system is the deﬁnition of syndrome groups and the rules
to assign events membership. Shaffer (2007) reported a
consultation with a group of seven veterinarians, together
with staff from the diagnostic laboratory who handle data regularly, to determine which laboratory test
orders should be mapped into which syndromes. The
ﬁnal syndromic groups identiﬁed during this consultation
were: respiratory, GIT, neurologic, dermal, reproductive,
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endocrine, hepatic, infectious, febrile, renal, and nonspeciﬁc. Stone (2007) also mapped laboratory data into
groups based mainly on organ systems. After some standardization of the data these records were grouped
into the following categories: reproductive system, abortion, alimentary system/oral, anorexia/depression/malaise,
circulatory/oedema/anaemia; diarrhoea/dysentery, lymphoreticular, mastitis, musculoeskeletal, nervous system,
perinatal losses, respiratory system, skin/photosensitivity,
sudden death, and urinary/renal. Samples for which a diagnosis was not reached in the FarmFile system (Gibbens et al.,
2008) were mapped into syndromes based on body system
together with the information given by the veterinarian
at submission concerning observed clinical signs. The ﬁnal
syndromic groups in that system were: systemic, digestive,
respiratory, urinary, musculoskeletal, nervous, skin, circulatory, reproductive, other, disease type unknown, mastitis
and fetopathy. The implementation of this syndrome mapping within FarmFile generated feedback which improved
the data collection forms. The list of clinical signs to be used
by veterinarians when submitting samples was revised, in
order to improve syndromic classiﬁcation of the data.
For most of the systems based on clinical data listed
in this review the protocol for classifying data into syndromic groups could not be found in the literature, or none
had yet been implemented. A number of the systems are
still being piloted using one or a few speciﬁc syndromes,
and these have so far been identiﬁed retrospectively. The
RSVP-A system uses six syndromic groups, but classiﬁcation is decided and entered by the veterinarian reporting
the atypical cases observed; this is also the case of the
Alberta Veterinary Surveillance Network. In the BOSS system (Shephard, 2006) the BOVID software, a rule-based
diagnostic program designed to identify the most probable diagnosis based on clinical signs reported, classiﬁes the
reported cases into syndromic groups (based on organ system) to deliver counts by syndrome. The syndrome groups
used within BOSS/BOVID are body; ears/eyes; airways; GIT;
genital and urinary system; nervous; skin; cardio-vascular;
death or reduced production; and muscle, bone or gait
abnormal.
5.2. Aberration detection algorithms
Monitoring of time series data in surveillance can be
retrospective or prospective. Retrospective surveillance
is used to explain temporal and spatio-temporal patterns in data, and is therefore used in the generation of
hypothesis. In syndromic surveillance, where the focus is
outbreak detection, statistical analysis is prospective, aiming at detecting meaningful changes from the expected
range of data values, which are referred to as “aberrations”
(Buckeridge et al., 2005; Hohle et al., 2009). Mandl et al.
(2004b) summarized the methodological stages to process
data for outbreak detection, once events have been classiﬁed into syndromic groups, as: evaluation of historical
data to establish a baseline model for the expect number of
cases; comparison of observed values to baselines, to detect
abnormal activities if occurring; culminating in an evaluation of the alert and a decision as to whether notiﬁcation
and investigation should take place.
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The choice of algorithm to detect abnormal activities is
based on the type of data (number of time series to monitor, whether rates or counts are monitored, rare versus
frequent counts, temporal or spatio-temporal data); the
availability of historical data to construct baselines; the
nature of the disease being monitored (whether outbreaks
are expected to occur as ‘spikes’, a sudden or slow increase);
and an assessment of the desired balance between sensitivity (ability to detect true alarms) and speciﬁcity (ability
to avoid false alarms). Algorithms for outbreak detection have been thoroughly reviewed elsewhere (Ward and
Carpenter, 2000a,b; Carpenter, 2001; Buckeridge et al.,
2005; Fricker, 2006; Shephard, 2006; Moore et al., 2004).
The goal here is to list the methods that have been cited
in the veterinary syndromic surveillance systems covered
in this review. However, as many of the systems are still
in their initial implementation phase, the types of algorithms being used were often not identiﬁed; and a column
detailing this information could not added in Table 1.
For temporal analysis, control charts (such as cumulative sums and exponentially weighted moving averages)
are the most commonly employed algorithms (Shephard,
2006; Goplin and Benz, 2007; Shaffer, 2007; Checkley et al.,
2009; Weber, 2009). This is not surprising, as for most of the
data sources used there is limited availability of historical
data. Control charts require limited baseline data, using a
small number of previous observations to establish thresholds of expected values, based on the assumption that
those observations came from a pre-speciﬁed parametric
distribution. New observations are compared to the thresholds, and the system is determined to be “out-of-control” if
the observations fall beyond the calculated expected limits (Benneyan, 1998). Performance is not optimal, since
these methods do not exploit the full information content of the data, and because health data often violates the
basic assumptions of control charts that events are independent, stationary and normally distributed (Lotze et al.,
2007). However, the popularity of these methods in public
and animal health surveillance attest for they usefulness,
especially when historical data is limited.
When historical information is available regression
methods can be used. Published work on regression methods applied to veterinary data have thus far focused on
retrospective analyses, as a means of assessing their potential for prospective modeling. For instance the work of
the Purdue University-Banﬁeld National Companion Animal Surveillance (Glickman et al., 2006) with clinical data,
the analysis of the Danish Salmonella Control Programme
data (Benschop et al. (2008), and the work of Kosmider
et al. (2006) based on laboratory detection of Salmonella
in British livestock, are all examples which adopt this
approach.
Geographical information is often used to aggregate
data into demographic areas, after which temporal analysis is applied to these areas independently (Shaffer,
2007). Public health systems are usually restricted by privacy concerns regarding address information from patients
(Maciejewski et al., 2007), while in animal health systems
the problem is the lack of geo-location data relating to
health events. Often the only geographical information in
the system refers to the practitioner location or postal code
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(Shaffer, 2007). This represents a challenge for use in spatial analysis of animal surveillance, since the geographical
radius of clients attended by each practitioner is not usually
determined and may vary greatly, particularly in regions of
low farm and/or practitioner density.
Where spatial cluster analyses were performed in the
systems reviewed here, the most commonly reported
method was the scan-statistic (Odoi et al., 2009; Perez
et al., 2009), which can be performed with the freely available software SaTScan (Kulldorff, 1997; Kulldorff, 2006).
Spatial cluster detection using algorithms available within
the R statistical package was reported in the case of the
Alberta Veterinary Surveillance Network (Checkley et al.,
2009).
5.3. Evaluation
The “framework for evaluating public health surveillance systems for early detection of outbreaks” was
reviewed in 2004 by a working group promoted by the CDC
(Buehler et al., 2004). The document contains an operations
checklist to review system-wide issues, data sources, data
processing, statistical analysis, and epidemiological analysis, interpretation and investigation. It sets out a framework
for description and evaluation of any system as a whole,
including: usefulness, ﬂexibility, acceptability, portability,
stability and costs. In a similar way, Stone (2007) stated that
a veterinary syndromic surveillance system should be evaluated for: population coverage, automation of data capture
and transfer, value to users, detection efﬁciency of programmed algorithms, and contribution to claims of disease
freedom.
More quantitative evaluation methods have been proposed to speciﬁcally evaluate the performance of various
detection algorithms, using real or simulated data; and
thus to evaluate the system’s performance at the population level in the similar way to which test diagnostic
performance is evaluated for individual testing. This
includes the measurement of sensitivity, and speciﬁcity
(Buckeridge et al., 2008). Kleinman and Abrams (2006)
propose methodologies which also include an evaluation
of the timeliness of a system and the number of lives
saved (Kleinman and Abrams, 2008), based on the traditional receiver operating characteristic (ROC) curves used
for diagnostic tests evaluation.
Ultimately, the factors that affect the ability of any
system to detect outbreaks also depend on the nature of
the outbreak (Buckeridge, 2007). Evaluation of outbreak
detection algorithms based on simulated data has been
suggested in the literature. These evaluations may use
wholly simulated data sets or may superimpose various
patterns of simulated outbreaks onto authentic data. An
overview of these approaches can be found in Buckeridge
et al., 2005. A holistic evaluation of how all system components operate in real time is only possible once the system
has been implemented. None of the systems listed in this
review have been formally evaluated using the metrics
described above; this is not surprising as most of them are
still in development and few are fully operational. However, various authors have attempted to assess the quality
of different system components. In those cases where any,

even limited, evaluation was reported, notes have been
added to Tables 1 and 2.
The OSVS (Amezcua et al., 2010) was the only system for
which an evaluation of the characteristics of data acquired
through practitioners’ reports was performed. The authors
estimated the level of compliance by comparing the data
provided by practitioners against the submissions made
by the same veterinarians to Ontario’s Animal Health Laboratory. Completeness of data (measured in terms of the
completion of each form ﬁeld), coverage of the program,
and timeliness for reporting were evaluated. Completeness
actually increased from the ﬁrst to the second year of the
study, as well as coverage of farms in the province.
The émergences system was not formally evaluated,
but in 2003, Vourc’h and Barnouin reported that over a
period of 6 months the system received 33 notiﬁcations,
two of which were considered atypical. Shaffer (2007)
reported that during the pilot study of the described syndromic surveillance system based on microbiological test
requests nine clusters were detected. Follow-up investigations were able to link two of these to a true increase in
the incidence of disease. Assessing sensitivity and speciﬁcity was not considered viable due to the lack of a gold
standard for determining when outbreaks were really happening. The BOSS system was also not evaluated due to
the lack of a standard against which the completeness
of the data received from producers could be assessed
(Shephard, 2006). Retrospective analysis of the data on
LAHVA indicated that respiratory symptoms in dogs occur
approximately 10 days earlier than is the case for humans,
and that detection of eye-inﬂammation in dogs would
also have served as a sentinel for humans in a case of
wastewater contamination (Maciejewski et al., 2007). Also
retrospectively, Odoi (2009) showed that an outbreak of
abortion in mares could have been detected 6 days earlier.
6. Discussion
A pre-conference workshop at the ISVEE meeting in
2009 discussed the development and application of methods for effective surveillance in livestock populations
(Hoinville et al., 2009). Syndromic surveillance systems
can meet several of the surveillance goals proposed during that meeting, including: comprehensive coverage of
many diseases within a single monitoring system, detection of emerging diseases, maximizing the value of existing
data sources, integration of public health with veterinary
data, development of new analytical methods, technological innovation, ﬂexibility in the type of data available and
desired system outcome, encouraging stakeholder participation, and an increase in negative reporting. This paper
has discussed how syndromic surveillance in animal populations can help meet many of these goals.
Only systems that explicitly address outbreak detection
based on systematic monitoring of animal population data
have been included in this review. However, there is little doubt that disease control capabilities have also been
enhanced by systems for disease monitoring which adopt
novel approaches to data sharing, integration and visualization. The authors recommend the following examples
to those readers interested in exploring the broader appli-
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cation of information systems to veterinary surveillance:
the Michigan equine monitoring system (Kaneene et al.,
1997); the Pathman project (Durr and Eastland, 2004);
the Rapid Analysis & Detection of Animal-related Risks
(RADAR) (Smith et al., 2006a; Paiba et al., 2007); the FMD
BioPortal System (Perez et al., 2009); geographical information systems for the surveillance of bluetongue in Australia
(Cameron, 2004) and Italy (Conte et al., 2005); the swine
industry initiative for disease data sharing in Minnesota
(Davies et al., 2007); GLiPHA (Clements et al., 2002); and
the papers of Egbert (2004) and Durr and Eastland, 2004.
The initiatives reviewed have made use of several
sources of clinical and diagnostic data in order to
implement syndromic surveillance system in veterinary
medicine.
Due to the lack of commonly adopted data standards,
each syndromic surveillance system implemented in veterinary medicine to date has tended to develop and validate
their own classiﬁcation system. As long as common standards are not adopted, new systems will have limited
capability to take advantage of the progress made by existing systems. While each method may be valid within
its own architecture, the use of standards would enable
data integration across heterogeneous datasets, and allow
comparisons among geographical locations and veterinary
practices over time (McIntyre et al., 2003).
As a result of the current limitations, most efforts
to date have been directed towards developing animal
health data collection strategies, analyzing historical data
already available for their potential to support syndromic
surveillance, or solving problems of data classiﬁcation and
integration; rather than focusing on the development of
automated syndromic analysis. The concentration of effort
on these early stages of development is evident when one
considers the relatively plentiful supply of papers dealing
with potential data sources, in contrast to those reporting the use of various aberration detection algorithms,
illustrating systems outputs or evaluating operational syndromic surveillance systems. In fact, none of the listed
initiatives contain all the components which characterize the more mature systems for early disease detection
in public health. In consequence, the term “syndromic
surveillance” has been applied throughout this review in
a rather loose manner, since the term has been coined in
reference to early disease detection systems based on the
systematic monitor or large amount of pre-diagnosis data.
Not all of the systems reviewed here are strictly based on
the classiﬁcation of data into syndromes.
Despite differences in structure, all of the initiatives
reviewed are making efforts to improve the quantity,
quality and speed of information extraction from animal
health data, and the lessons learned will support further
advances in the development of the ﬁeld of syndromic animal surveillance.
Many of the systems developed in veterinary medicine
have attempted to solve data limitations by encouraging
passive notiﬁcation of cases or transfer of clinical data,
directly from farmers, or by enrolling private veterinarians
in the system. All these systems are dealing with sustainability issues. Information feedback or ﬁnancial incentives
to participating veterinarians have been used as strategies
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to sustain participation, but in general the lesson learned is
that if data transfer demands extra effort from participants,
long term sustainability may not be possible.
Given the current barriers, diagnostic laboratories
appear to provide a readily available source of data for
syndromic surveillance in animal health. The less timely
nature of laboratory data is compensated, in veterinary
medicine, by its greater speciﬁcity when compared to clinical data. In addition there is reasonable availability of
current and historical laboratory data in digital format,
both for companion and livestock animals. In companion animal medicine, where computerization of records
is already common, investments in the use of data standards will increase the value of clinical data for syndromic
surveillance use. In livestock health, however, the use of
laboratory data remains the most readily available and
reliable source of electronic, continuously recorded data.
Laboratories are typically centralized and can cover large
geographical areas. However, it is also important that
investment be made in data standardization within the
livestock laboratory sector as this would allow for the integration of databases across broader geographical areas.
The expansion of syndromic surveillance in public
health has fomented great improvements in the development and adaptation of aberration detection algorithms
for use in health data, as demonstrated for instance by
the work of several teams within the BioALIRT project,
which has been sponsoring research on improving the
timeliness of outbreak detection since 2001 (Wagner et al.,
2006). Implementation of syndromic surveillance in public health has also resulted in the expansion of the ﬁeld of
infectious disease informatics. Several teams have documented their experiences in creating information systems
and provided guidelines on the architecture necessary to
conduct prospective, real-time surveillance (Tsui et al.,
2003; Lombardo and Buckeridge, 2007; Zeng et al., 2011).
Therefore, as quality animal health data become more readily available, the development of veterinary syndromic
surveillance will be able to take advantage of the statistical and computational advances made in the public health
ﬁeld.
In all syndromic surveillance systems the primary
output is some form of alarm in the event of aberration detection. However, syndromic surveillance is not
a replacement for traditional surveillance (Pavlin et al.,
2003), and therefore once an alarm is triggered by the
detection algorithm it must be reviewed by epidemiologists (Buehler et al., 2004). The design of the system should
take into account the information that will be needed when
making subsequent decisions and the outputs of the system, in case of any alarm, should contain all the information
available from the syndromic dataset that may be of value
(Wagner, 2003). The investment in syndromic surveillance
may be wasted if, once a decision is made, the epidemiologist cannot count on an investigation team ready to respond
to an alarm; the process for aberration follow-up should
therefore be described as part of the syndromic surveillance system design (Stone, 2007).
Syndromic surveillance systems can confer beneﬁts
which go beyond the detection of true alarms (Ward
and Carpenter, 2000b). They can support additional goals
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associated with animal health surveillance, such as: monitoring disease trends; facilitating the control of disease
or infection; supporting claims for freedom from disease
or infection; providing data for use in risk analysis, for
animal and/or public health purposes; and substantiating
the rationale for sanitary measures (OIE, 2010). In practice
most systems designed for early detection of disease, due
to the longitudinal nature of their data collection, will also
contribute to situational awareness, building a foundation
for epidemiological research and hypotheses generation
and testing, and thus provide support for evidence-based
medicine. A number of the systems reviewed here intend
to deliver the information extracted from the syndromic
surveillance process to the public (Tierney et al., 2009) or to
participating veterinarians (McIntyre et al., 2003; DeGroot,
2005; Glickman et al., 2006).
The development of the ﬁeld of syndromic animal
surveillance progressively enhances the animal health
community’s ability to detect and to respond to outbreaks.
The automated and continuous collection of animal health
data also facilitates the integration with public health systems, and represents a further step towards One Medicine.
A recent review (Vrbova et al., 2010) noted that there have
been on-going efforts to integrate human and animal data
in surveillance initiatives since 2000. However, as pointed
out in that review, none of the integrated systems have yet
been evaluated and there are several barriers to data sharing between the two domains. Ethical and privacy concerns
are not as restrictive in animal health data, as they can be in
public health. Nevertheless, barriers to data sharing, mainly
related to data ownership and proprietary information, and
barriers to data integration due to the lack of commonly
adopted standards continue to impair the communication
within and between animal and public health data sources.
The longer experience of public health systems with
syndromic surveillance has indicated that the cost of system maintenance and response to false alarms can only be
justiﬁed by the system’s contribution to more than event
detection (Chretien et al., 2009). In veterinary medicine, the
progress in the development of early warning systems has
stimulated the review, improvement and expansion of data
collection methods in animal health, though sustainability issues are now evident for systems based on voluntary
notiﬁcation or passive data transfer from veterinarians.
While in public health, syndromic surveillance can be
based on sales of over-the-counter medicine, or emergency visits, in animal health the earliest type of syndromic
data available is clinical. Several initiatives have shown
that there is potential for clinical data to be used in the
continuous monitoring of animal populations, but implementations in real-time still depends primarily on ﬁnding
sustainable ways to collect and process clinical data from
practitioners. To achieve this, investment is needed in
systems which enable information ﬂow from livestock
practitioners to surveillance teams, and ﬁnancial incentives
are often necessary to guarantee practitioner engagement. Clinical data from companion animal medicine is
more often computerized, and offers greater potential, but
authors have indicated problems concerning data sharing,
and unreliable ﬂow of data from providers to the surveillance teams.

Until investments have been made to solve these issues,
laboratory data continues to offer the greatest potential for syndromic surveillance in veterinary medicine.
Similar problems to those associated with clinical computerized data such as the need for data sharing agreements
and investments in data classiﬁcation to allow integrations across different plataforms, apply to laboratory data.
However, until data integration problems are solved, monitoring each single source of laboratory data may still offer
geographical coverage greater than any single source of
clinical data. Systems implemented directly with the data
provider will minimize data ﬂow issues.
This review has illustrated that the ﬁeld of syndromic
surveillance in veterinary medicine is incipient, but fast
growing. As syndromic animal surveillance systems have
developed over the past decade, limitations in the data
available on animal health have become apparent. The
lack of automated data collection limited opportunities for
implementation of systematic monitoring systems; lack
of computerized records limited automated analysis; and
the lack of standards limited the integration across multiple databases. The costs of overcoming these barriers
and implementing real-time monitoring systems are justiﬁed by their utility. Syndromic surveillance systems offer
opportunities that go beyond early detection of diseases,
providing information to aid planning and policy development.
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