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Disease monitoring and surveillance systems (MOSSs) have become one of the major components of
veterinary activity. Such systems are used to assess the existing levels of prevalence, the effectiveness of
control programmes and, after disease eradication, to document the continued absence of disease from a
given region or zone. With decreasing disease or infection prevalence, traditional approaches become less
reliable and increasingly costly. The objective of this work was to summarize and discuss methodological
issues related to veterinary (animal health) MOSSs. There are considerable inconsistencies in the use of
the terms ‘monitoring’ and ‘surveillance’. Passive as well as active MOSS have their disadvantages when
used for rare health-related events such as emerging and re-emerging diseases. There is a need for evalua-
tion and improvement of these approaches. Integrated systems that call for the use of several parallel
surveillance activities seem to be the favoured approach, and analytical methods to combine MOSS data
from various sources into a population prevalence, or probability of disease freedom, are under develop-
ment. The health and safety of the animal and human generations depends on our continuous ability to
detect, monitor and control newly emerging or re-emerging livestock diseases and zoonoses rapidly.
Uniform surveillance definitions, sound scientifically based approaches that use the resources and data
available, and a pool of researchers and veterinary public health officials with sufficient training in epide-
miology, are critically important to handle this challenging task.

Keywords: surveillance; monitoring; rare disease; health-related events; veterinary services;
monitoring and surveillance systems
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1. INTRODUCTION

Disease surveillance, here used in a broad sense, has
become one of the major components of veterinary
activity and is a prerequisite for effective disease control
(Anonymous 2000). The Centers for Disease Control
(CDC) in the USA identified good surveillance and quick
response as the first of four major goals in modern
strategies for preventing emerging infectious diseases
(Anonymous 1998). Bovine spongiform encephalopathy
(BSE), an emerging new cattle disease (Wells et al. 1987)
and subsequent detection of related diseases in other
species, such as variant Creutzfeldt—Jakob Disease
(vCGID) in humans (Will et al. 1996) and feline spongi-
form encephalopathy (FSE) in domestic cats (Wyatt et al.
1991), highlight the specific danger of agents that are able
to cross the species barrier. The ProMED-mail electronic
mailing list (http://www.promedmail.org) has repeating
threads about emerging diseases in previously free areas,
including:

(i) classical swine fever (CSF) in the Netherlands and
the UK
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(i) foot-and-mouth disease (FMD) in pigs in South
Africa, cattle in Brazil and Argentina, and pigs,
cattle and sheep in the UK

(iii) Rift Valley fever in cattle, sheep and humans in
Yemen and Saudi Arabia;

(iv) bluetongue (virus) disease in sheep in Bulgaria and
Sardinia (Italy);

(v) bovine tuberculosis in Queensland (Australia);

(vi) West Nile virus fever in New York State (USA) and
the Camargue (France).

These outbreaks underline the importance for reliable
surveillance systems that are able to identify such emer-
ging and re-emerging diseases rapidly, and to aid in their
control. The Food and Agricultural Organization
(FAO)—and other agencies—warns that the movement
of people as well as animals and animal products for
trade is a potent force in the emergence of diseases (FAO
2000), which has led to an increased spread of animal
diseases across national borders (Wilson 1995). ‘In an
increasingly globalised world’, the FAO statement reads,
‘veterinary surveillance systems and services are vital to
detect these emerging and re-emerging diseases early
enough and to prepare contingency plans to contain those
outbreaks’. Further examples of emerging infectious
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diseases and zoonoses in humans, including tuberculosis,
Escherichia coli O157, Salmonella-related food poisoning,
cryptosporidiosis, Ebola haemorrhagic fever, hantavirus
pulmonary syndrome, influenza and Helicobacter pylori
(Morse 1995; Murphy 1998; Walford & Noah 1999)—to
name a few—underline this statement.

The objective of this work was to summarize and discuss
methodological issues related to veterinary animal health
surveillance. It was felt impossible to capture all aspects of
that topic or to even attempt to represent both the veter-
inary and the human perspective. A decision was therefore
made to focus on the main goals of veterinary disease
surveillance, the most important sources for veterinary
surveillance data, and the two most often used data collec-
tion approaches: ‘passive’ and ‘active’ surveillance. In addi-
tion, some insight is provided into newer approaches in
surveillance system design and data analysis when applied
to rare disease. The proceedings of the 9th Meeting of the
International Society for Veterinary Epidemiology and
Economics (ISVEE) that took place in August 2000 in
Breckenridge, Colorado (USA), and recently published
governmental and other institutional reports related to
surveillance issues, were used as important sources of
information to capture the most recent developments in
the field. In some instances, examples from human or
zoonotic disease studies were included.

2. DEFINITIONS OF DISEASE MONITORING AND
SURVEILLANCE

The concept of—and term—"‘urveillance’ can be
traced back to the French revolution, which at that time
meant ‘to keep watch over a group of persons thought to
be subversive’ (Eylenbosch & Noah 1988), very likely
with the objective to take action if deemed necessary.
There are considerable inconsistencies in the use of the
terms monitoring and surveillance. ‘Surveillance’ (or
‘epidemiosurveillance’) has been defined by some as the
systematic collection of data on the occurrence of specific
diseases, the analysis and interpretation of these data,
and the dissemination of consolidated and processed
information to contributors to the programme and other
interested persons (Langmuir 1971; Raska 1966; Kelsey
et al. 1986; Dufour & Audigé 1997). Other authors and
institutions more clearly separate the terms ‘monitoring’
and ‘surveillance’. For them, ‘monitoring’ is a continuous,
dynamic process of collecting data about health and
disease and their determinants in a given population over
a defined period of time, but without any immediate
control activities. ‘Surveillance’ is a specific extension of
monitoring where obtained information is used and
measures are taken if certain threshold levels related to
disease status have been passed. It is therefore part of
disease control programmes (Noordhuisen et al. 1997; OIE
1998, 2000a; European Commission 20004). In a recently
published review of the situation in England and Wales,
‘veterinary surveillance’ was more broadly defined as ‘the
on-going systematic collection, collation and inter-
pretation of accurate information about a defined animal
population with respect to disease and/or infection,
closely integrated with timely dissemination of that infor-
mation to those responsible for control and prevention
measures’ (Meah & Lewis 1999).
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In most instances the activities related to collection,
collation, interpretation and potential dissemination of
disease information are the same for monitoring systems
and for disease surveillance. The main objectives of the
monitoring systems are to describe disease trends over
time, thus providing veterinary authorities with the
necessary data on the current disease status of the animal
population. If, as the result of disease detection, a set of
activities (usually predefined) related to disease control is
undertaken, then the objective changes from sole descrip-
tion to control (and, in extremis, eradication) of the
disease. Classification of monitoring and surveillance
programmes should therefore be based on the objectives
of the respective programmes and the resulting activities,
and the terminology should be used appropriately. Addi-
tionally, the use of ‘disease’ often implies clinical disease,
while most monitoring or surveillance activities can be
directed towards (clinical) disease, infection, the causa-
tive agent(s), or even risk factors for a specific outcome.
Since all these entities can be summarized under the term
‘health-related events’, we from now on use (animal
health) Monitoring and Surveillance System, abbreviated
MOSS (or MOS system) (Stark 1996; Noordhuisen et al.
1997), as an umbrella term for all activities related to the
detection and control of diseases, infections, agents and
other health-related events. The use of monitoring in this
paper will be restricted to a MOSS without control
measures and surveillance to a MOS system that includes
such control efforts.

All MOS systems can be classified as follows:

(1) with regard to their objectives, i.e.
reasons for data collection;
(i1) by the type of information collected and the data
sources themselves; and
(iii) by the mode of data collection, i.e. whether the data
collection is considered to be passive or active.

the specific

Some authors like Dufour & Audigé (1997) propose
further classification criteria including:

(1) the number of diseases included in the activity
(focused on one disease or broad-based);

(i1) the area under surveillance (regional, national or
international);

(iii) the population monitored (suspect cases or suscep-
tible animals);

(iv) the sampling strategy (sample-based or exhaustive);
and

(v) the type of management (autonomous or integrated).

The main focus of the following sections will be on (i)
the objectives, (ii) the data sources, and (iii) the modes of
data collection as these three are considered to be the
most important categories for classification.

3. OBJECTIVES OF MOS SYSTEMS

The ultimate goal of veterinary MOS systems is to
minimize, as far as is practicable, the negative effects of
health-related events in the animal population that affect
public health (consumer protection), trade in animals and
animal products, and animal health and welfare (Meah
& Lewis 1999). The availability of animal health informa-
tion can therefore be seen as an essential requirement in
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Figurc 1. Potential data sources for monitoring or surveillance of animal health-related events.

meeting a strategic goal of most veterinary regulatory
agencies.

When designing national MOS strategies, the ultimate
goals of the activities nced to be clearly defined first
(Bush 2000). Teutsch & Thacker (1995) identified eight
steps as essential in the planning phase of MOS systems,
with the first step being the establishment of the objectives
of the system under design. The authors emphasize that
the data collection instruments need to be carefully
selected and tested in the field. Already implemented
MOS systems should be evaluated based on this scheme
and, if necessary, adjusted. One component that is not
listed is the economic assessment of such systems, which is
of considerable importance if the health-related event
under surveillance neither has a public health nor a large
-economic impact. In such situations, the expenses
required for animal health surveillance (and control)
might be higher than the economic benefits as a result of
the programme. Another argument for assessing the cost-
effectiveness associated with different MOS systems is the
increasing need to justify expenses to the respective
authorities in times of decreasing budgets (Meah & Lewis
1999).

The objectives of specific MOS systems will depend on
the health-related events and their potential (veterinary)
public health impact within a given region, country or
zone. Proposals to group these specific objectives into
principal objective categories were presented by Morris
(1991), Dufour & Audigé (1997), and Bush (2000). The
first group of objectives is related to so-called ‘foreign
animal diseases’ (FADs), which can also be referred to as
novel, ‘exotic’ or ‘emerging and re-emerging’ diseases or
infections. Novel health-related events might be a result of
a truly new disease (or agent) in a host species or a new
clinical expression of a pathological problem caused by a
known agent. Typical recent veterinary examples for
emerging or re-emerging discases are FMD, CSF and
BSE. These conditions were either historically absent or
absent as the result of successful eradication programmes
from many geographical regions or zones, and the main
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objective of all MOS activities was, and still is, to detect
their (re-)occurrence. Reliable detection of and thorough
follow-up on clinically suspicious cases, the traditional
‘passive surveillance’, is a critical element of the initial—
carly—recognition, reporting and investigation of emer-
ging and re-emerging diseases or infections.

The second group of objectives is related to endemic
diseases or infections, i.e. conditions that are prevalent in
at least some regions within a country or zone. These
health problems are often subject to control or eradication
efforts, and the main objective of the MOS system is to
assess changes in their prevalence over time and space.
This is necessary in order to monitor the success of
control activities, and to collect sufficient information to
rank various health-related events in terms of (economic)
importance. _

In addition we propose a third group.of objectives, in
which the focus is not on monitoring or surveillance for
outcomes itself but on the monitoring of risk factors and
other information derived from or related to MOSS activ-
ities. Activities with these objectives should heighten the
awareness for certain discases and identify potential high-
risk populations that could be targeted with such systems.
Martin et al. (2000) provide an example for Western
Australia where data from animal trade and the
(reported) disease situation in other countries or regions
(trading partners) is screened and used in risk assess-
ments to derive probabilities of disease freedom (or intro-
duction) for the home country.

4. DATA SOURCES FOR MOS SYSTEMS

There is a wide range of potential primary sources for
MOS data, including: the animal owners; veterinary
professionals (primarily the private practitioners); animal
health laboratories; the livestock industry (sale yards,
abattoirs, etc.); research institutions; pre-export feedlots;
and import quarantine stations (figure 1). Secondary data
sources include printed or electronically distributed
accounts (via the Internet) of disease outbreaks and
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summary MOSS reports that can be used to assess the
risk of disease introduction from other geographical
regions (trading partners).

Information from primary data sources varies consider-
ably in its source population, in its representativeness, i.e.
whether it is statistically acceptable to make extrapola-
tions from the (sample) data to the source population,
and 1n its validity, i.e. how well the measured information
truly reflects the status of what is being measured. Some
data sources, like random population surveys, provide
both the numerators (number of cases) as well as the
denominators (animal population at risk in the popula-
tion under surveillance) required for disease prevalence
estimation. In contrast, reporting of clinical suspects does
not provide information on the source population at risk
that gave rise to these suspects, and prevalence can only
be estimated when other denominator information, such
as animal census data, are available. Evaluation and
interpretation of the data should depend on the data
source. When health-related events become rare, accurate
estimates on their true prevalence in a population (rare
or absent?) are increasingly difficult to obtain. Factors
like data validity and precision as well as economic
considerations become very important, and pooling of
data from different sources to derive an overall estimate
on the prevalence, or sufficient evidence for the absence of
disease, seems logical. This is addressed to some extent
later in this paper.

5. MODES OF DATA COLLECTION

A frequently used activity-related classification of
systems is the separation into ‘passive surveillance’ and
‘active surveillance’—both of which are addressed in
more detail below—and other activities like sentinel
(surveillance) networks that might have both passive and
active components.

(a) Passive monitoring and surveillance systems
(1) Definitions, approach and objectives

A passive MOS system is commonly defined as the
reporting of (clinical) suspect cases (to the health authori-
ties) by health-care professionals at their discretion
(Lilienfeld & Stolley 1994). Suspect reporting quite
frequently is made mandatory within disease control
legislation. This mandatory reporting has its origin in
regional or national infectious disease control pro-
grammes that evolved during the 19th century in Europe,
first for rinderpest and later for other infectious diseases
such as anthrax, rabies, FMD, glanders, contagious
bovine pleuropneumonia, sheep pox, dourine, and scabies
of sheep and horses (Bisping 1999).

These systems rely on a pyramid of scrutiny, in which
the animal owners (livestock producers) form the first
level (Meah & Lewis 1999). Animals must be under suffi-
cient vigilance (or disease awareness) to permit detecting
changes from the (clinical) norm, and the animal owners’
(livestock producers) vigilance as well as their decision to
seek assistance when such deviations are observed, contri-
bute to this level of scrutiny.

Alert private practitioners typically provide the second
level of scrutiny. They may, or may not, decide that it is
necessary to submit samples for further diagnosis to the
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veterinary laboratories. These two levels together act like
the screening test in a serial testing scheme: only animals
that are considered disease suspects (i.e. screening-test
positive) are passed on to the veterinary diagnostic labora-
tories—the third level of scrutiny in this pyramid—for
confirmatory diagnosis. On a continuous basis, the
resulting laboratory volume (of submissions for diagnosis)
reflects to a large extent the industry’s and veterinary prac-
titioners’ assessment of the cost-to-benefit ratio associated
with species submission (Meah & Lewis 1999). Actual
disease detection depends on the appropriateness and
quality of the biological samples submitted, on the use of
the right tests, and on the experience of the diagnostic
laboratory personnel. The series of subsequent events that
have to occur before a case is actually diagnosed is
displayed in an event tree (figure 2).

There is an evolving discussion on the definition, and
use, of the term ‘passive’ for this mode of data collection.
The approach is perceived as passive since the decision on
inclusion, or exclusion, of individuals is done by the animal
owners or practitioners, and not by the investigators or
veterinary authorities that require the information. The
term places an unfavourable image onto a MOSS compo-
nent that has a long and successful history in animal
disease control, and which is still widely and effectively
used for a range of emerging and re-emerging diseases. In
the United Kingdom, passive MOSS accounts for 65% of
the Veterinary Laboratory Agency (VLA) expenditures for
all MOSS activities (Meah & Lewis 1999).

There might be additional information besides manda-
tory reporting of clinical suspects, such as routine reports
of laboratory diagnoses of disease, reports of clinical
conditions observed during animal markets, and data
collected within sentinel networks that can be considered
as passively collected. The VLA therefore proposed to
widen the definition of a passive MOSS to ‘the continuous
monitoring of the existing disease status of the population
surveyed, using routinely collected data to produce
outputs which can be fed into policy decisions’ Another
suggestion was the use of ‘general surveillance’ for all
these activities, and ‘targeted surveillance’ for activities in
which the sample collection is initiated by the investiga-
tors (P. Martin, personal communication).

(i1) Advantages

Passive MOS systems in theory continuously cover
(screen) the whole susceptible animal population that is
under owner (farmer) or veterinary observation and
that, if infected, is expected to express clinical signs of
disease. It therefore represents a very important source
of information for a variety of diseases (Kelsey et al.
1986). The approach has worked with satisfaction, and
when targeting acute emerging and re-emerging health-
related events such as CSF or FMD in well-established,
intensive animal industries, passive MOSS seems to be
the approach of choice (Martin et al. 1987). It is often
inexpensive for the individual health-related event since
the veterinary infrastructure—including a practitioners’
network—is already in place. As passive MOSS is a
continuous process, one can express the outcome, if
denominator estimates are available, as a cumulative
incidence of the outcome of interest, such as clinical
disease.
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Figure 2. Flow diagram on case detection in passive monitoring or surveillance for clinical diseases.

(ii1) Disadvantages

A major limitation of passive MOSS is that it requires
the particular disease to produce clinical signs. Subclinical
infections or preclinical stages of disease will not be recog-
nized. This, for example, has resulted in problems with
CSF surveillance that traditionally relies on the reporting
of typical clinical suspects. Outbreak investigations during
the last decade in Germany have revealed that the range
and severity of clinical signs expressed especially in older
pigs has changed over time, with more animals expressing
little or non-typical CGSF symptoms (M. Kramer, personal
communication). This prolonged the time until a first CSF
suspicion was reported, thus allowing for a spread of the
disease to other herds. It indicates the need for careful
monitoring of the range of clinical symptoms expressed by
infected animals and the adaptation of suspect case defini-
tions if necessary.
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Diseases that have high case fatality rates, that are
rapidly fatal, and that are relatively easily diagnosed, are
most likely to be recorded accurately. The longer the
period between onset and death, the greater the likelihood
of occurrence of another fatal disease or, in the production
animal context, a decision to replace (cull or slaughter)
the animal preventing the diagnosis of the underlying
cause. A passive MOSS approach is likely to be a problem
if the disease is stigmatized, not considered serious because
of the lack of information (disease awareness), if there is
nomadism (in developing countries), or if there is distrust
of governmental authorities, lack of appreciation of
common responsibility and/or shortage of compensation
funds (Kelsey et al. 1986; Martin et al. 1987, Lilienfeld &
Stolley 1994; Toma et al. 1999). Stigmatized diseases with
variable (non-specific) clinical symptoms, long incubation
periods, low within-herd and between-herd spread, and
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Table 1. Target population, sample selection, repetition frequency and resulting frequency measure for active

monitoring and surveillance approaches.

target population for

examination/testing selection (sampling scheme) repetition resulting frequency measure
national population exhaustive (all) single cross-section point prevalence
annually repeated cross-sections point prevalence
more frequently repeated point prevalence or
cross-sections cumulative incidence
continuous sampling and testing cumulative incidence
sample-based as above as above
identified subpopulation exhaustive or sample as above but for target point prevalence or cumulative
of higher disease risk based (or sample thereof); incidence in target population

assumption that national
source population has lower
event frequency than target

an unfavourable cost—benefit ratio—such as occurs (but
not only) in BSE and scrapie—have often combined case-
ascertainment and case-reporting levels of below 50% of
the detectable cases in the population (Marier 1977; Alter
et al. 1987; Martin et al. 1987; Schreuder et al. 1993; Doherr
et al. 1999, 2001; Hoinville et al. 1999; Baumgarten ¢t al.
2000). This incomplete case-ascertainment and case-
reporting creates a bias in the numerator required to
derive a population incidence estimate (of clinical cases of
disease).

It therefore becomes obvious that it is very difficult to
compare passive surveillance results for the same clinical
condition from different regions, countries or zones. One
needs to assess carefully if events have occurred that
would either result in an increase or decrease in case-
ascertainment or case-reporting before trying to interpret
an observed (reported) change in the disease prevalence
over time.

(iv) Areas _for improvement

With the increasing evidence that passive surveillance
approaches might underestimate the true incidence of
clinical disease in the population, suggestions have been
made to increase case-ascertainment and case-reporting
levels. Most of these recommendations address the issues
of disease awareness and reporting incentives, and event
trees such as the one presented in figure 2 can be used to
visualize the order of events necessary for a clinical
suspect case to be diagnosed. When including probability
estimates for each step, one can assess the resulting prob-
ability of case detection, and identify areas where the
(assumed) probabilities are low and improvement is
necessary.

One approach to enhance reporting is to provide finan-
cial incentives (premiums) for all reported suspect cases.
There is documented evidence where such activities, for a
period in time, changed the disease reporting levels
(Wineland ez al. 1998). MOSS performance levels should
be assessed formally over time. Examples for evaluation
of case-ascertainment and case-reporting levels using
age—period and age—cohort models have been published
for vCJD and for BSE (Cohen 2000; Cohen et al. 2000).
Assessments of underestimation of disease through passive
surveillance by initiating parallel active surveillance
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components have been described for dengue reporting in
Florida, USA (Gill et al. 2000), for scrapie in the UK
(Hoinville et al. 1999) and for BSE in Switzerland
(Doherr et al. 1999, 2001). Screening of clinical records
was used to assess the extent of misclassification of death
from vCJD in the UK (Majeed et al. 2000). Supple-
menting (human) passive tuberculosis surveillance data
with an active screening of health professional records
showed that pharmacy dispensing information (the
subscription of two or more tuberculosis drugs) provided
a useful pointer towards additional human tuberculosis
cases that had been missed by traditional public health
surveillance methods (Yokoe et al. 1999).

(b) Active monitoring and surveillance systems
(1) Definitions, approach and objectives

Active surveillance, in human epidemiology, has been
defined as the regular periodic collection of case reports
from health-care providers or facilities (Lilienfeld &
Stolley 1994). Emphasis here is on the active role of the
(veterinary) health authorities. In contrast to passive
surveillance, individuals to be included in an active
surveillance programme are selected through a formal
sampling process initiated by the investigator that in
theory should provide each individual within the target
population with an equal chance of being selected. Alter-
natively, terms like ‘targeted surveillance’ or ‘targeted
screening’ could be used, since appropriate target popula-
tions to address the surveillance objectives have to be
defined first. The identification of such an appropriate
target population depends on the condition of interest to
be detected in the target, its expected prevalence, the risk
factors influencing the distribution of the condition within
the population, the diagnostic tests available for this
condition, and the availability of a sampling frame. The
approach can be population or high-risk (sub)population
based (table 1). Randomized samples are often drawn
from the identified target population in a cost-effective
way to either estimate the population prevalence with a
desired precision or to detect disease if disease prevalence
is above a predefined threshold level. Cannon & Roe
(1982) published guidelines for statistically based sample
size calculations for simple random sampling that still are
widely used. Several other randomized sampling schemes,
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including stratified random sampling, systematic sampling
with random seed, cluster sampling and multistage
stratified or cluster sampling schemes, can in addition be
used to address one or both questions (Scheaffer et al.
1990; Toma et al. 1999).

(i1) Advantages

Active or targeted MOSSs, often done in the form of
single or repeated cross-sectional surveys, measure the
point prevalence of the condition of interest and therefore
are well suited for outcomes (health-related events) with
longer duration. The approach is not restricted to clinical
cases of disease. They can be applied to every health-
related event such as a disease, infection or condition of
interest, like the presence of a long-lasting antibody titre,
for which a diagnostic test or measurement system is
available. The target population can be the national herd,
or it can be a clearly defined high-risk (sub)population.
Initiators of active surveillance activities, at least in
theory, have good control over the sampling scheme, i.e.
over the inclusion of subjects into the screening process.
This provides (the impression of) a statistically based
objectivity that passive MOS systems are lacking. It also
allows for easier standardization of approaches between
survey over time and countries, therefore increasing the
comparability of results.

Information of the health-related event might be
collected from owners by interview or mail, or biological
samples are collected during farm visits, at abattoirs,
knackeries or carcass rendering plants. In addition, the
screening of animal medical records, either the files or
electronic databases, for specific entries, or biological
sample banks for specific pathogens or lesions, can be
considered active and targeted surveillance. Examples of
targeted MOS schemes for animal health-related events
include the tuberculosis and brucellosis surveys routinely
done each year in many European countries, infectious
bovine rhinotracheitis (IBR) and enzootic bovine leucosis
(EBL) serosurveys in Switzerland (Stirk 1996), BSE
screening of fallen stock and emergency slaughtered cattle
in Switzerland (Doherr et al. 1999, 2001), abattoir
screening for contagious bovine pleuropneumonia
(CBPP) in Switzerland (Stark 1996) and for scrapie in
the United Kingdom (Simmons et al. 2000), and mail
surveys for scrapie in the UK, the Netherlands and in
Switzerland (Morgan et al. 1990; Schreuder et al. 1993;
Hoinville et al. 1999; Baumgarten et al. 2000). Some
national targeted surveys include a mail or interview
questionnaire as well as, in a second step, the collection of
biological samples for laboratory testing (Traub-Dargatz

et al. 2000qa,b; Kane et al. 2000; Wagner et al. 2000).

(1) Drisadvantages

A major disadvantage is that population-based MOS
systems are very costly when the target diseases become
rare. It can easily be demonstrated that sample sizes, and
therefore costs, increase exponentially with a decreasing
prevalence to detect. To estimate the same prevalence
with an accepted absolute error of estimation of 0.05%
(relative error of estimation, 50% ) would already require
a sample size of over 14 000 individuals (Cannon & Roe
1982). If prevalence becomes very low (below 0.1%),
however, it is often not feasible to further increase the
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sample size simply because of limitations of the diagnostic
test system and funding constraints. The aim of surveys
then changes from estimating a low prevalence to the
assumption of disease freedom, and therefore the identifi-
cation of a health-related event if it occurs in the targeted
population above a threshold prevalence (often 0.1% or
0.2%). Assuming that a sample drawn randomly from a
large population includes at least one diseased indivi-
dual—provided that the true population prevalence is
0.1% —would require a sample size of ca. 3000 indivi-

duals (Cannon & Roe 1982).

(i11) Areas for improvement

The main area for improvement in targeted MOS
systems, besides clearly stating the objectives and identifi-
cation of the appropriate target (high risk) populations, is
the issue of survey design. Sampling strategies and sample
sizes should be adjusted for the demography of the target
population, the disease of interest and the diagnostic test
characteristics. New manuals and software tools have
been made available for this purpose (Cameron 1999).
When good estimates of the population structure, indivi-
dual animal diagnostic test characteristics, the sampling
scheme and the epidemiology of the particular disease
(condition) are available, simulation models can be
constructed to assess the feasibility of a given targeted
survey even before it is done, or assist in the interpreta-
tion of survey results (Audigé & Beckett 1999; Audigé et
al. 1999a,b, 2000, 2001). One approach is to demonstrate,
through stochastic modelling, the ability of a survey to
discriminate between a (national) target population that
is free of disease, and a population that has a given, albeit
low, prevalence. The analysis of the approach taken for
Johne’s disease (Mpycobacterium paratuberculosis) in the USA
National Animal Health Monitoring system (NAHMS)
1997 bovine survey showed that the herd-level diagnostic
test system would not effectively distinguish between
infected and non-infected herds. The model outcome indi-
cated that when the disease prevalence becomes very low,
then the screening test should be highly sensitive and
100% specific to get interpretable survey results (Audigé
et al. 19996). Paisley et al. (2000a) took a very similar
approach for the Norwegian paratuberculosis surveillance
and came to the same conclusion. They also assessed the
national IBR continuous surveillance. Their model esti-
mated the likelihood of the current surveillance (sampling
and testing) scheme (@) to include at least one infected
herd in the sample if the country prevalence of infected
herds is at 0.2%, and (b)) to detect that herd as test-
positive if the within herd prevalence and the diagnostic
tests used have certain predefined properties (Paisley et al.
20006). Their results indicated that in 99.7% of all model
iterations an infected herd would have been included in
the sampling, and in 98% of all iterations this herd
would have been detected, i.e. tested positive.

6. NEW APPROACHES TO IMPROVE MOSSs
FOR RARE DISEASES

The validity of passive as well as active MOS results is
most often questioned when these are negative, i.e. when no
cases were reported or detected within the activity. Never-
theless, based on this negative finding the investigators or
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veterinary authorities often simply conclude that the
target population is free of the event under scrutiny. Since
surveillance for a rare health-related event and provision
of ‘freedom from infection’ has become increasingly
important for veterinary authorities, researchers have
started to look into possibilities to assess especially the
validity of the results from passive surveillance or
targeted screening. Also, new approaches are taken to
combine disease information from a range of (surveil-
lance) sources into a probability estimate on disease
freedom for a given country or region. Targeted surveys,
as presented before, have been used for a range of diseases
to compare the outcome with the data from the parallel
operating passive surveillance systems in order to assess
the respective levels of case-ascertainment and case-
reporting. In addition to identifying additional cases of
disease, introducing an active component can increase the
disease awareness and provide an incentive for reporting
clinically suspect cases.

Based on the targeted screening results, the validity of
current (but also of historical) passive surveillance results
can be determined, and models using passive surveillance
data adjusted accordingly. The evaluation of targeted
screening systems (and their results) has in part already
been addressed at the end of the last section. It is believed
that active MOSSs with surveys should be tailored to
specific situations (Audigé et al. 2001), often to supplement
results of a passive system. Recently published inter-
national recommendations, or requirements, for disease
surveillance and control typically call for an integrated
approach that includes (i) an assessment of the risk factors
for disease presence, (ii) mandatory reporting of clinical
suspects, and (iii) targeted screening activities to supple-
ment/validate the results especially from the passive
surveillance. Examples are the rinderpest surveillance
and control guidelines (OIE 1998, 2000a; IAEA 1994)
and CBPP (OIE 200056), and the requirements or recom-
mendations for BSE and scrapie surveillance (European
Commission 1999; OIE 2000c,d,¢). New analytical
methods are currently under development to analyse data
from complex MOS systems. In an attempt to combine
data from a range of (parallel or serial) surveillance
sources, Hueston & Yoe (2000) proposed the use of
probabilistic scenario analysis and event trees to identify
and assess the major pathways by which disease can be
detected. They conclude that the approach is well suited to
evaluate—and rank—the relative effectiveness of a set of
surveillance systems (approaches). In a different approach,
prior information on the disease status in a given target
population was combined in a Bayesian approach with
survey outcomes to derive an a posterior: probability of
disease freedom (Audigé et al. 19994, 2000, 2001). These
and other approaches will be developed further.

For emerging and re-emerging diseases, in most
instances a passive MOSS will be the core system in place.
A good level of disease awareness needs to be maintained
among all actors involved, from the farmers and veterinary
practitioners all the way to the veterinary authorities,
laboratory personnel and university researchers. This
includes a good level of knowledge of the clinical condi-
tions that such diseases might present themselves. In
addition to the passive MOSS, repeated assessments of the
introduction and dissemination risks for diseases present in
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the animal population of neighbouring countries or
trading partners need to be performed. Continued denial
of the potential that a disease might be present in the
domestic stock, as with BSE by the veterinary authorities
of some European countries, has resulted in a delay in the
implementation of appropriate (veterinary) public health
measures, and very likely in an extended exposure of
cattle—and humans—to the BSE agent. Not before the
publication of a geographical BSE risk assessment by the
European Commission (20006) were these countries
stimulated to improve their BSE surveillance systems—
and subsequently detected their first domestic BSE cases
(OIE 2001).

7. CONCLUSIONS

Veterinary health MOSSs for emerging and re-emer-
ging health-related events currently seem to be in a transi-
tion phase. Increasing demands to detect these rare events
or to provide evidence for freedom of disease or infection
are a challenge since there is increasing evidence that
purely passive MOSSs as well as isolated active screening
approaches, for a variety of reasons, are no longer suffi-
cient. Integrated systems that call for the use of several
parallel surveillance activities seem to be the favoured
approach, but analytical methods to combine MOSS data
from various sources into a population prevalence esti-
mate, or probability of disease freedom, are still under
development. Once these analytical methods have been
developed, however, the next challenge will be to commu-
nicate clearly the outcome, an estimated potentially high
(but not 100%) probability of disease freedom to the
decision-makers that might base potentially costly deci-
sions on this probability.

Monitoring or surveillance for the ‘unknown’, or for
rare events, appears to be a thankless undertaking
(Childs et al. 1998). It is often difficult enough to justify
even keeping up the existing standards and even more
difficult to acquire the resources necessary actually to
improve these systems. One has to realize, however, that
the health and safety of the current and future animal
and human generations depends on our continuous
ability to detect rapidly, monitor and, if necessary, control
newly emerging or re-emerging livestock diseases and
zoonoses. Uniform surveillance definitions, sound scienti-
fically based approaches that use the resources (and data)
available, and a pool of researchers and veterinary public
health officials with a sound training in epidemiology, are
critically important to handle this challenging task.

We hereby acknowledge the constructive comments on the
manuscript provided by Carine Cohen, Daniela Hardorn and
Linda Hoinville.

REFERENCES

Alter, M. J., Mares, A., Hadler, S. C. & Maynard, J. E. 1987
The effect of underreporting on the apparent incidence and
epidemiology of acute viral hepatitis. Am. J Epidemiol. 125,
133-139.

Anonymous 1998 Preventing emerging infectious diseases—a strategy
Jor the 2Ist century. Atlanta, GA: US Department of Health
and Human Services, Centers for Disease Control and
Prevention.



Rare amimal health monitoring and surveillance

M. G. Doherr and L. Audigé 1105

Anonymous 2000 Making the most of surveillance. Vet. Rec. 147,
57.

Audigé, L. & Beckett, S. 1999 A quantitative assessment of the
validity of animal-health surveys using stochastic modelling.
Prev. Vet. Med. 38, 259-276.

Audigé, L., Doherr, M. G. & Salman, M. D. 19992 A quantita-
tive approach in declaring a country free of a disease. Proc.
Soc. Vet. Epidemiol. Prevent. Med., 78-87.

Audigé, L., Wagner, B. & Salman, M. 19995 A quantitative
assessment of the validity of herd-level testing schemes for
Johnes’ disease in the USA. Is serological testing sufficient? In
Proceedings of the 79th Meeting of the Conference of Research Workers
in Animal Diseases, abstract no. 58. Ames, IA: Iowa State
University Press.

Audigé, L., Doherr, M., Hauser, R., Wagner, B. & Salman, M.
2000 A stochastic simulation model for the planning and
quantitative assessment of herd-level testing scheme and
surveys. In Proceedings of the 9th Meeting of the International Soctety
of Veterinary Epidemiology and Economics, 6-12 August 2000,
abstract no. 198. See http://www.cvmbs.colostate.edu/
cveadss/isvee/isvee.htm.

Audigé, L., Doherr, M. G., Hauser, R. & Salman, M. D. 2001
Stochastic modelling as a tool for planning animal health
surveys and interpreting screening test results: application to
IBR in Switzerland. Prev. Vet. Med. (In the press.)

Baumgarten, L., Doherr, M. G., Heim, D. & Vandevelde, M.
2000 Scrapie: a mailed questionnaire survey in Switzerland.
In Proceedings of the 9th Meeting of the International Society of
Veterinary Epidemiology and Economics, 6—12 August 2000, abstract
no. 415. See http://www.cvmbs.colostate.edu/cveadss/isvee/
isvee.htm.

Bisping, W. 1999 Kompendium der staatlichen Tierseuchenbekampfung
(Compendium on  Federal Animal Disease Control). Stuttgart,
Germany: Enke Verlag.

Bush, E. R. 2000 A comprehensive plan of national surveil-
lance for modern livestock industries. In Proceedings of the 9th
Meeting of the International Society of Veterinary Epidemiology and
Economics, 6-12 August 2000, abstract no. 463. See http://
www.cvimbs.colostate.edu/cveadss/isvee/isvee.htm.

Cameron, A. 1999 Survey toolbox for livestock diseases—a practical
manual and software package for active surveillance in developing
countries. Australian Centre for International Agricultural
Research monograph no. 54.

Cannon, R. M. & Roe, R. T. 1982 Luwvestock disease surveys: a field
manual for veterinarians. Canberra, Australia: Department of
Primary Industries and Bureau of Rural Science, Australian
Government Publishing Service.

Childs, J., Shope, R. E., Fish, D., Meslin, F. X., Peters, C. J.,
Johnson, K., Debess, E., Dennis, D. & Jenkins, S. 1998
Emerging zoonoses. Emerg. Infect. Dis. 4, 453-454.

Cohen, C. 2000 Does improvement in case ascertainment
explain the increase in sporadic Creutzfeldt—Jakob disease
since 1970 in the United Kingdom? Am. J Epidemiol. 152,
474-479.

Cohen, C.; Heim, D., Doherr, M. G. & Stark, K. D. C. 2000
Age-cohort models to forecast the BSE epidemic in the
United Kingdom and in Switzerland. In Proceedings of the 9th
Meeting of the International Society of Veterinary Epidemiology and
Economics, 6-12 August 2000, abstract no. 230. See http://
www.cvmbs.colostate.edu/cveadss/isvee/isvee.htm.

Doherr, M. G., Oesch, B., Moser, B., Vandevelde, M. & Heim,
D. 1999 Targeted surveillance for bovine spongiform encepha-
lopathy (BSE). Vet. Rec. 145, 672.

Doherr, M. G., Heim, D., Fatzer, R., Cohen, C. H,,
Vandevelde, M. & Zurbriggen, A. 2001 Targeted screening
of high risk cattle populations for BSE to augment man-
datory reporting of clinical suspects. Prev. Vet. Med. (In the
press.)

Phil. Trans. R. Soc. Lond. B (2001)

Dufour, B. & Audigé, L. 1997 A proposed classification of
veterinary epidemiosurveillance networks. Rev. Sci. Tech. 16,
746-758.

European Commission 1999 Surveillance of TSEs in sheep and goat
in relation to the risk of infection with bovine spongiform encephalo-
pathy agent and related actions to be taken at EU level. Actions to be
taken on the basis of (1) the September 1998 SSC opinion on the risk of
infection of sheep and goats with the BSE agent and (2) the April 1999
SEAC subgroup report on research and surveillance for TSEs in sheep.
Opinion of the Scientific Steering Committee, Consumer
Health Protection, European Commission, adopted at the
SSC meeting of 27-28 May 1999. See http://www.europa.
eu.int/comm/food/fs/sc/ssc/out48_en.html.

European Commission 2000a Proposal for a directive of the European
parliament and the council on the monitoring of zoonoses and agents
thereof and repealing council directive 92/117/EEC. Working docu-
ment SANCO/2929/99-Rev. 2, Commission of the European
Communities, Brussels, Belgium.

European Commission 20006 Final opinion on the geographical risk
of bovine spongiform encephalopathy (GBR). Opinion of the
Scientific Steering Committee, Consumer Health Protection,
European Commission, adopted at the SSC meeting of 6
July 2000. See http://europa.eu.int/comm/food/fs/sc/ssc/
outll3_en.pdf.

Eylenbosch, W. J. & Noah, N. D. 1988 Surveillance in health and
disease. New York: Oxford University Press.

FAO 2000 Without effective veterinary services animal diseases could
spread globally. Food and Agriculture Organization of the
United Nations, Press Release 00/54. See http://www.fao.org/
waicent/ois/press_ne/presseng [2000/pren0054.htm.

Gill, J., Stark, L. M. & Clark, G. G. 2000 Dengue surveillance
in Florida, 1997-1998. Emerg. Infect. Dis. 6, 30—35.

Hoinville, L., McLean, A. R., Hoek, A., Gravenor, M. B. &
Wilesmith, J. 1999 Scrapie occurrence in Great Britain. Vet.
Rec. 145, 405-406.

Hueston, W. D. & Yoe, C. E. 2000 Estimating the overall power
of complex surveillance systems. In Proceedings of the 9th
Meeting of the International Society of Veterinary Epidemiology and
Economics, 6-12 August 2000, abstract no. 393. See http://
www.cvmbs.colostate.edu/cveadss/isvee/isvee.htm.

IAEA 1994 Recommended procedures for disease and serological surveil-
lance as part of the global rinderpest eradication programme, IAEA
TECDOC 747. Vienna, Austria: International Atomic Energy
Agency.

Kane, A. J., Traub-Dargatz, J. L., Losinger, W. C., Garber, L. P,
Wagner, B. A. & Hill, G. W. 2000 A cross-sectional study of
lameness and lamenitis in US horses. In Proceedings of the 9th
Meeting of the International Society of Veterinary Epidemiology and
Economics, 6-12 August 2000, abstract no. 44l. See http://
www.cvmbs.colostate.edu/cveadss/isvee/isvee.htm.

Kelsey, J. L., Thompson, W. D. & Evans, A. S. (eds) 1986
Methods in observational epidemiology. Monographs in Epidemi-
ology and Biostatistics, vol. 10. New York/Oxford: Oxford
University Press.

Langmuir, A. D. 1971 Evolution of the concept of surveillance in
the United States. Proc. R. Soc. Med. 64, 681-684.

Lilienfeld, D. E. & Stolley, P. D. (eds) 1994 Foundations of
epidemiology, 3rd edn. New York/Oxford: Oxford University
Press.

Majeed, A., Lehmann, P, Kirby, L., Knight, R. & Coleman,
M. 2000 Extent of misclassification of death from
Creutzfeldt—Jakob disease in England 1979-1996: retrospec-
tive examination of clinical records. Br. Med. 7. 320, 145-147.

Marier, R. 1977 The reporting of communicable diseases. Am. 7.
Epidemiol. 105, 587-590.

Martin, S. W., Meek, A. H. & Willeberg, P. (eds) 1987 Veterinary
epidemiology—principles and methods. Ames, IA: Iowa State
University Press.



http://w\v\\-.cvmbs.colostate.edu/
http://\vw\v.cvmbs.colostate.edu/cveadss,'isveei
http:,;/\~~wtv.europa
http:/,'www.fao.orgi

1106 M. G. Doherr and L. Audigé

Rare amimal health monitoring and surveillance

Martin, P. A. J., Hawkins, C. D. & Higgs, A. R. B. 2000 Risk
analysis to support disease freedom in Western Australia. In
Proceedings of the 9th Meeting of the International Society of
Veterinary ~ Epidemiology and  Economics, 6-12 August 2000,
abstract no. 211. See http://www.cvmbs.colostate.edu/
cveadss/isvee/isvee.htm.

Meah, M. N. & Lewis, G. A. 1999 A review of veterinary
surveillance in England and Wales with special reference to
work supported by the Ministry of Agriculture, Fisheries and
Food. In Veterinary surveillance in England and Wales—a review.
London: Ministry of Agriculture, Fisheries and Food
(MAFF). See http://www.maff.gov.uk/inf/publicns/pubcat/
pol.htm #£v5.

Morgan, K. L., Nicholas, K., Glover, M. J. & Hall, A. P. 1990
A questionnaire survey of the prevalence of scrapie in sheep
in Britain. Vet. Rec. 127, 373-376.

Morris, R. S. 1991 Information systems for animal health: objec-
tives and components. Rev. Sct. Tech. 10, 13-23.

Morse, S. S. 1995 Factors in the emergence of infectious diseases.
Emerg. Infect. Dis. 1, 7-15.

Murphy, F. A. 1998 Emerging zoonoses. Emerg. Infect. Dis. 4,
429-435.

Noordhuisen, J. P. T. M., Frankena, K., Van der Hoofd, C. M.
& Graat, E. A. M. (eds) 1997 Application of quantitative methods
in veterinary epidemiology. Wageningen, The Netherlands:
Wageningen Press.

OIE 1998 Guide to epidemiological surveillance for rinderpest.
Rev. Sci. Tech. 17, 796-824.

OIE 2000a Recommended standard for epidemiological surveillance
systems for rinderpest. Office International des Epizooties,
International Animal Health Code, part 3, section 3.8,
appendix 3.8.1, pp. 1-7. See http://www.oie.int/norms/
mcode/a_00152.htm.

OIE 20006 Recommended standard for epidemiological surveillance
systems for contagious bovine pleuropneumonia. Office International
des Epizooties, International Animal Health Code, part 3,
section 3.8, appendix 3.8.2, pp. 1-12. See http://www.oie.int/
norms/mcode/a_00153.htm.

OIE 2000c¢ Surveillance and monitoring of amimal health. Office
International des Epizooties, International Animal Health
Code, part 1, section 1.3, chapter 1.3.5, pp. 1-3. See http://
www.oie.int/norms/mcode/a_00014.htm.

OIE 2000d Surveillance and monitoring systems for bovine spongiorm ence-
phalopathy. Office International des Epizooties, International
Animal Health Code, part 3, section 3.8, appendix 3.8.3, pp. 1-2.
See http://www.oie.int/norms/mcode/a_00154.htm.

OIE 2000e Bovine spongiorm encephalopathy. Office International
des Epizooties, International Animal Health Code, part 2,
section 2.3, chapter 2.3.13, pp. 1-14. See http://www.oie.int/
norms/mcode/a_00066.htm.

OIE 2001 Number of reported cases of BSE worldwide (excluding the
United Kingdom). Office International des Epizooties. See
http://www.oie.int/eng/info/en_esbmonde.htm.

Paisley, L. G., Tharaldsen, J. & Jarp, J. 2000a A simulated
surveillance program for bovine paratuberculosis in dairy
herds in Norway. Prev. Vet. Med. 44, 141-151.

Paisley, L. G., Tharaldsen, J. & Jarp, J. 20005 Evaluation of the
Norwegian BHV-1 surveillance program with Monte Carlo
simulation models. In Proceedings of the 9th Meeting of the
International Society of Veterinary Epidemiology and Economics, 6—12
August 2000, abstract no. 66. See http://www.cvmbs.colostate.
edu/cveadss/isvee/isvee.htm.

Phil. Trans. R. Soc. Lond. B (2001)

Raska, K. 1966 National and international surveillance of
communicable diseases. WHO Chron. 20, 313-321.

Scheaffer, R. L., Mendenhall, W. & Ott, L. (eds) 1990 Elementary
survey sampling, 4th edn. Belmont, CA: Duxbury Press.

Schreuder, B. E. C., de Jong, M. C. M., Pekelder, J. J., Vellema,
P, Broker, A. J. M. & Betcke, H. 1993 Prevalence and inci-
dence of scrapie in the Netherlands: a questionnaire survey.
Vet Rec. 133, 211-214.

Simmons, M. M., Ryder, S. J., Chaplin, M. C., Spencer, Y. L,
Webb, C. R., Hoinville, L. J., Ryan, J., Stack, M. J., Wells,
G. A. H. & Wilesmith, J. W. 2000 Scrapie surveillance in
Great Britain: results of an abattoir survey, 1997/98. Vet. Rec.
146, 391-395.

Stark, K. D. 1996 Animal health monitoring and surveillance in
Switzerland. Aust. Vet. 7. 73, 96-97.

Teutsch, S. M. & Thacker, S. B. 1995 Planning a public health
surveillance system. Epidemiol. Bull. 16, 1-6.

Toma, B., Dufour, B., Sanaa, M., Bénet, J. J., Moutou, F,
Louza, A. & Ellis, P. (eds) 1999 Applied veterinary epidemiology
and the control of diseases in populations. Maisons-Alfort, France:
AEEMA.

Traub-Dargatz, J. L., Garber, L. P, Hill, G. W,, Wagner, B. A,
Losinger, W. C., Seitzinger, A. H., Rodriguez, J. M. &
Stanton, N. G. 2000z Overview of the initial phase of the
National Animal Health Monitoring Systems (NAHMS)
equine 98 study. In Proceedings of the 9th Meeting of the
International Society of Veterinary Epidemiology and Economics, 6—12
August 2000, abstract no. 64. See http://www.cvmbs.colostate.
edu/cveadss/isvee/isvee.htm.

Traub-Dargatz, J. L., Garber, L. P.; Fedorka-Cray, P. J., Ladely,
S. & Ferris, K. E. 200056 Fecal shedding of Salmonella spp. by
horses in the United States during 1998 and 1999 and detec-
tion of Salmonella spp. in grain and concentrate sources on
equine operations. J Am. Vet. Med. Assoc. 217, 226-230.

Wagner, B. A.; Wise, D. J. & Khoo, L. H. 2000 Health moni-
toring in the US catfish industry. In Proceedings of the 9th
Meeting of the International Society of Veterinary Epidemiology and
Economics, 6-12 August 2000, abstract no. 358. See http://
www.cvmbs.colostate.edu/cveadss/isvee/isvee.htm.

Walford, D. & Noah, N. 1999 Emerging infectious diseases—
United Kingdom. Emerg. Infect. Dis. 5,189-194.

Wells, G. A., Scott, A. C., Johnson, C. T., Gunning, R. F,
Hancock, R. D., Jeffrey, M., Dawson, M. & Bradley, R. 1987
A novel progressive spongiform encephalopathy in cattle. Vet
Rec. 121, 419-420.

Will, R. G, Ironside, J. W., Zeidler, M., Cousens, S. N,
Estibeiro, K., Alperovitch, A., Poser, S., Pocchiari, M.,
Hofman, A. & Smith, P. G. 1996 A new variant of
Creutzfeldt—Jakob disease in the UK. The Lancet 347, 921-925.

Wilson, M. 1995 Travel and the emergence of infectious diseases.
Emerg. Infect. Dis. 1, 39-46.

Wineland, N. E., Detwiler, L. A. & Salman, M. D. 1998 Epidemi-
ologic analysis of reported scrapie in sheep in the United States:
1117 cases (1947-1992). 7 Am. Vet. Med. Assoc. 212, 713-718.

Wyatt, J. M., Pearson, G. R., Smerdon, T. M., Gruffydd-Jones,
T. J., Wells, G. A. & Wilesmith, J. W. 1991 Naturally occur-
ring scrapie-like spongiform encephalopathy in five domestic
cats. Vet. Rec. 129, 233-236.

Yokoe, D. S., Subramanyan, G. S., Nardell, E., Sharnprapai, S.,
McCray, E. & Platt, R. 1999 Supplementing tuberculosis
surveillance with automated data from health maintenance
organizations. Emerg. Infect. Dis. 5, 799-787.



http:iiwww.~~mbs.colostate.edui
http://w~v\\-.maff.go\:uk,'inf/publicns/pubcat/
http:i,'ww\\-.oie.int/norms/
http:,'iww~:oie.int/
http:/,i
http:/,'www.oie.int/norms~mcode/a~O0154.htm
http:/jwww.oie.int/
http:,','ww~:cvmbs.colostate
http:/iww~:cvmbs.colostate

