


and is managed by a database management sys-
tem (DBMS), and 2) models including statisti-
cal, economic, spatial, management science or
other quantitative models that provide the sys-
tem’s analytical capabilities and 3) a user inter-
face to through which the user can communi-
cate with and command the DSS. 
An important characteristic in the definition of
DSSs is the incorporation of both data and
models. The ability to invoke, run, change,
combine and inspect models is a key capability
in DSSs. The models in the DSS can be divided
into strategic, tactical and operational models
(Turban 1990). Strategic models are used to
support strategic planning responsibilities of
the executives. Tactical models are employed
mainly by middle managers to assist in allocat-
ing and controlling the resources of the organi-
sation. Operational models are used to support
the day-tot-day working activities in the organ-
isation.

A concept of a system architecture to 
support the control of a classical swine fever
epidemic
Within the European Union (EU), the criteria to
be applied in the preparation of a national con-
tingency plan for a CSF outbreak have been
harmonised by EU legislation (directive
EU80/217 (CEC 1980)). However, member
states of the EU are allowed to apply additional
measures if deemed necessary. The national
contingency plan should form the basis for the
design of information systems. 
The concept of the system architecture to sup-
port animal disease control presented in the fol-
lowing sections mirrors the current system ar-
chitecture (partly under construction) at the
AHS in the Netherlands. 

Transaction processing system
The first step in designing the TPS is the trans-
lation of the contingency plan in a comprehen-

sive administrative organisation (AO). The AO
describes how a disease control programme or
a disease eradication programme should be
managed. It describes the chain of command,
the layout of the organisation, the job descrip-
tion of the staff involved, the procedures that
govern the disease control processes, the ad-
ministrative criteria to judge events or out-
comes of procedures and the instructions for
field implementation of the strategies. Next, the
AO will be worked out in flowcharts expressing
the sequence, the timing and logic of proce-
dures. Finally, the procedures as worked out in
the flowcharts will be translated in computer in-
structions to actually computerise the disease
control programme. 
A disease control activity can be described as a
group of related steps or activities that use peo-
ple, information and resources to reach a spe-
cific goal. The steps are related in time and
place, have a begin and end and have inputs and
outputs. Actions to be undertaken are usually
directed towards herds, the objects under inves-
tigation. Examples of actions to be undertaken
are monitoring, clinical inspections, blood sam-
pling, depopulation followed by cleaning and
disinfect ion. Each action has to be performed
by skilled individuals, at the right time and at a
known place. Follow up has to be well organ-
ised; samples requires laboratory testing; re-
sults require appropriate interpretation; conclu-
sions require a correct follow up. The cycle has
to be closed; the process continues.
In the systems architecture of the TPS of the
AHS a procedure control module is designed in
which all kind of procedures can be stored by
setting parameters. Through a second module,
objects under observation are registered ac-
cording to their specific status. In the case of
CSF these objects are herds with pigs. The reg-
istered herd disease status (e.g. not suspect, sus-
pect, infected) triggers the procedure(s) that
have to be undertaken.
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To administer herds in an appropriate manner a
specific subsystem (Herd-ID) is required in
which herds, personal and non-personal entities
and (farm-) sites are kept up to date. To have an
accurate actual stock record, different identifi-
cation and registration systems (I&R-systems)
for different farm animal species are kept. 
To support the farm visit, inspection protocols
derived from the procedure control module and
sampling lists with information from the Herd-
ID and I&R subsystems are available. Samples
are uniquely identified (and tagged in the TPS)
when transferred to the laboratory. Results are
interpreted using distinct algorithms. The con-
clusions drawn from the results are interpreted
by the procedure control module and trigger
new procedures. This obviously depends on the
obtained final conclusion: a negative test result
induces another routine check; positive results
induce immediate action. (Fig. 1).
The system architecture can be seen as a team
of co-operating systems, with each a specific
task and governed by an intelligent procedure
control module. This obviously requires unity
in data definition and a common database. At
the AHS in the Netherlands, this architecture
uses a relational database, managed by an Ora-
cle DBMS. 

Management information
In an extensive epidemic a high number of ac-
tions have to be undertaken within a distinct pe-
riod. Some actions can be combined; others ex-
clude one another. This is facilitated by a
(tactical) planning module. The inspection ca-
pacity (in amount and capacities) is adminis-
tered. Each inspection team, most fit for the job,
is provided with a daily workload. 
A separate management information module is
incorporated in the system architecture of the
TPS providing background information about
the organisation’s operations using pre-speci-
fied reports and graphics on a scheduled basis. 

Data warehouse
Analytical processing in disease control fo-
cuses on monitoring the progress of the imple-
mented control strategies. It also includes quan-
titative analysis of the actual and predicted
course of the epidemic in relation to the control
strategy in force and evaluation of ‘what-if ’
scenarios to select the most effective alternative
control strategy. Transaction processing sys-
tems are critical for operational support. Any
stagnation or disturbance of transaction pro-
cessing due to analytical processing of opera-
tional data is unacceptable. Therefore, as the
core of the environment for analytical process-
ing a data warehouse (DW) will be used. A DW
is a physical separation of decision support sys-
tems from the operational data systems. It col-
lects data from any source, inside or outside the
organisation, re-organises that data and places
it into a new database. Data is integrated and or-
ganised by subject rather then by application.
The DW contains only information necessary
for analytical processing. The resulting infor-
mation is accessible to powerful tools for ex-
ploitation (EIS) and decision support (DSS). 
Furthermore, by using a DW for analytical pro-
cessing the information analyst does not longer
have to (Inmon, 1993):
– search for the definitive source of data;
– create special extraction programs from ex-

isting systems;
– worry about data that are not integrated;
– worry about detailed and summary data and

the linkage between the two;
– worry about an appropriate time basis of

data, and
– worry about unexpected information re-

quests.
The first step in designing the DW is describing
the data model of the DW. The data model re-
presents the information needs of the disease
control authorities. The second step is to deter-
mine the best data available to fulfil the data
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identified in the data model. Based on these two
steps the DW will be designed. Once designed,
data in the DW is organised by subject. The
third step is to design and build the interfaces
between the data sources and the DW to popu-
late the DW on a regular base. Specific charac-
teristics of these interfaces are subject-oriented
integration of data, alteration of a time base and
condensation of data. 

Executive information
To design the data model of the DW, the infor-
mation needs of the strategic, tactical and oper-
ational management must become clear. Fac-
tors which are believed to be most critical for a
successful disease control will be identified by
interviewing senior managers involved in the
control of the CSF-epidemic. The AO can be
used to identify the measures of performance
related to each of these critical success factors.
Furthermore, the information requests from
each management level during the 1997/1998
epidemic of CSF will be analysed. The identi-
fied information needs from both approaches
will be used to design the initial data model of
the DW. 
Standard (commercial available) tools will be
connected to the DW to allow users to interac-
tively isolate and model information concern-
ing specific performance indicators or events.
Specific characteristics of these tools are the
ability to perform drilling down analysis, visu-
alisation techniques (graphics and maps), mod-
elling and forecasting (regression analysis,
clustering and trend analysis) and spatial analy-
sis. 

Decision support systems
Potential applications of strategic DSS models
in the control of CSF include evaluation of (al-
ternative) control or eradication strategies (e.g.
monitoring programmes for CSF, preventive
depopulation of neighbouring herds, emer-

gency vaccinations with marker vaccines) and
economic impact analyses of these strategies.
Examples of decision support models which
can be used are: deterministic tree models,
stochastic simulation models, economic mod-
els, spatial models, and mathematical and pop-
ulation-dynamic models. Some decision mod-
els will partly be adopted from EpiMAN-NZ,
others will be new designed.
To ensure the usefulness of decision models, it
is very important that the underlying disease
control and disease spread mechanisms are
modelled as correct as possible. Therefore, dif-
ferent research projects are in progress in the
Netherlands to increase the insight in disease
spread mechanisms. The results of these re-
search projects will be used to improve existing
models and to design new models.
The decision models will be connected to the
DW to give them easy access to the appropriate
information.

Concluding remarks
Effective management of large animal health
emergencies is a complex and dynamic process,
which necessitates a comprehensive prepara-
tion. Computerised support of managerial deci-
sion making is considered very important as a
basis for effective and efficient management of
large animal disease emergencies. Once the
first outbreak is detected, computerised support
should be immediately available for the proper
enforcement of the disease eradication mea-
sures, for the evaluation of effects of applied
eradication measures and for decision making
at various levels. However, as can be learned
from the Dutch experience, the time between
introduction of the CSF virus and the detection
of the infection is one of most important pa-
rameters that determine the magnitude of an
epidemic. In this period the virus can spread
freely. It is therefore important that comput-
erised support of decision making spans the
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whole process of disease control, including pre-
vention and monitoring. 
Information systems based on a comprehensive
administrative organisation will lead to proper
enforcement of a control strategy as it was
planned. This is of special importance for dis-
ease emergencies as time pressure is high, the
amount of data accumulates fast and many in-
terrelated procedures occur simultaneously. An
information system based on a comprehensive
administrative organisation results in more con-
trol over the process and in a relief of the oper-
ational management. 
The eradication of CSF in the Netherlands was
complicated by several factors. It is important
to notice that the availability of comprehensive
information systems at the time of occurrence
of the epidemic could not have prevented these
complicating factors. What an information sys-
tem probably could have done was to identify
some of these factors more timely and to make
the analysis of these factors easier by providing
easier access to the information needed and to
provide models to perform these analyses and
to evaluate alternative strategies. 
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