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Summary
Over the past decade there has been a notable increase in the magnitude and
variety of modelling work in the realm of animal health. Similarly, there has been
an increase in the extent to which modelling is used as a component in the
development of animal health policy. The increased dependency on modelling
creates a need to enhance understanding and linkages between policy-makers
(those that pose the policy or scientific questions, commission modelling work
and use model outputs in the development of policy), intermediaries (those that
are responsible for working with modellers and communicating model results to
policy-makers), and modellers. Development of a lexicon of disease spread
modelling terms can help support clear communication and collaboration
between all players.
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A
Actual epidemic curve
A graph plotting the ‘true’ or ‘actual’ number of new cases
per unit time. See also apparent epidemic curve;
epidemic curve (5).

Adequate contact 
A contact between individuals that would lead to the
transmission of disease if one individual is infectious and
the other is susceptible (9). See also effective contact.

Airborne transmission
The distribution of microbial aerosols consisting partially
or completely of microorganisms which can be drawn into
lung alveoli. This type of transmission includes
transmission by droplet nuclei and dust (6). See also direct
transmission; indirect transmission; transmission.

Apparent epidemic curve
A graph plotting the number of newly ‘detected’ cases per
unit time (5). The number of ‘detected’ cases may be fewer
than the number of ‘actual’ cases when detection is
imperfect. See also actual epidemic curve; epidemic
curve.

Assumption
Unknown or uncharacterised information used in the
model that is thought to be true. Models are typically based
on assumptions that help simplify aspects of the system
being modelled. It is recommended that all assumptions be
explicitly stated and constantly re-assessed. ‘Hidden
assumptions’ that could possibly impact the model
outcome should also be described. If the assumptions used
are incorrect, then output from the model is suspect (9).

AusSpread
The stochastic, spatial, state transition disease spread
model that has been developed by the Australian



Government Department of Agriculture, Fisheries, and
Forestry to support exotic disease preparedness in
Australia (3).

B
Backward trace (Syn. Trace back, Trace-in)
To track or identify movements of animals, personnel,
vehicles, or equipment (i.e. direct and/or indirect contacts)
to a detected, infected premises for the purposes of
identifying a potential source of infection (13). See also
forward trace; tracing.

Basic reproductive number (Ro)

The number of secondary cases generated by the
introduction of an infectious individual into a completely
susceptible population (8). See also reproductive number.

Beta distribution
A probability density function used to describe the
uncertainty or variation around a probability or
proportion. This distribution is defined by two parameters:
alpha (�), and beta (�) (15). See also probability density
function.

BetaPERT distribution
A probability density function, derived from the Beta
distribution, used to describe the uncertainty or variability
of any continuous parameter estimate. This distribution is
defined using three parameters: the minimum, maximum,
and most likely (or mode) values. Often, subject matter
experts are consulted to estimate the distribution’s
parameters. Compared to a triangular distribution, a
BetaPERT distribution provides less weight to extreme
values (15). See also probability density function.

C
Clinically infectious
A disease state characterised by the presence of clinical signs
and shedding of the disease agent (5).

Cluster
A spatial and/or temporal concentration or group of
individuals or observations. It is expected that individuals
or observations within a cluster are more similar than those
among clusters (10).

Conceptual validity
See face validity.

Control measures
A series of actions, efforts, or measures taken to impede the
progression of, reduce the frequency of, or eradicate,
disease in a population. Control measures limit the
probability of transmission between susceptible and
infectious herds/flocks by either isolation (e.g. movement
restrictions, quarantine) or decrease the production of the
disease agent (e.g. treatment, culling), and/or increase the
resistance of susceptible herds/flocks (i.e. vaccination) 
(10, 13). 

D
Deterministic models
A mathematical model in which the model input
parameters are point estimates. This type of model does
not incorporate random variation or uncertainty (13). See
also stochastic models.

Direct contact
The movement of animals within units (premises, section,
pen) or from one unit to another unit with animals (5). See
also adequate contact; effective contact; indirect
contact.

Direct transmission
The transfer of a disease agent by direct or close contact
(14). See also airborne transmission; indirect
transmission; transmission.

Disease spread models
Models that incorporate epidemiological principles to
simulate the spread of disease within a population.
Epidemiological modelling provides a useful means of
simulating disease spread when experiments and field
observations are limited or impractical. Examples of
disease spread models include: AusSpread, InterSpread
Plus, and NAADSM.

Disease state
A series of ordered stages which follow the progression of
an infectious disease. The identification of the different
disease states and the transition through them are
fundamental to state transition modelling. Examples of
various disease states include: latently infected,
subclinically infectious, clinically infectious, and
naturally immune. 

Distribution
A summary of the frequencies of each value or range of
values out of all possible values (6).
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from detected, infected premises to other premises for the
purposes of identifying the potential spread of infection
(13). See also backward trace; tracing.

I
Immune (Syn. Recovered)
A disease state characterised by the absence of clinical signs
and termination of agent shedding. See also natural
immunity; vaccine immunity.

Incidence
The number of new cases of disease that occur in a
population during a given time period (4).

Incubation period
An early disease state characterised by the presence of the
agent in the herd/flock and by the absence of clinical signs.
The state begins with initial exposure to the disease agent
and ends at the first appearance of clinical signs. An
incubating herd or flock may or may not be infectious (6).
See also latent state.

Indirect contact
The movement of people, vehicles, equipment, etc. from
one premises to another premises with animals (5). See
also adequate contact; direct contact; effective contact.

Indirect transmission
The transfer of disease agent via movement of personnel,
vehicles, equipment, etc. (14). See also airborne
transmission; direct transmission; transmission.

Infectious state
A disease state characterised by the shedding of disease
agents with or without the presence of clinical signs. See
also clinically infectious; subclinically infectious.

Input parameter (Syn. Model input, Parameter)
Values, sometimes in the form of distributions, that are
used in models to represent a component of the processes
or events being modelled. Common examples of animal
disease spread model input parameters include herd and
flock locations, distributions representing the duration of
various disease states, and the number of contacts that
occur between premises.

InterSpread Plus
A spatially explicit, stochastic simulation used to model
disease among animal populations developed by the
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Distribution fitting
A procedure used to select a theoretical distribution which
best describes empirical data within a sample dataset (15).

E
Effective contact
A contact between an infectious individual and a
susceptible individual that leads to disease transmission
(9). See also adequate contact.

Empirical distribution
A summary of the frequencies of each observed value or
range of observed values within a sample dataset. Data
points are directly applied to define an empirical
distribution. Empirical distributions may be used in
modelling when the available data are not amenable to
fitting of theoretical probability density functions. See also
probability density function; theoretical distribution.

Epidemic
The occurrence of disease in a population or region, in
excess of normal expectancy (4).

Epidemic curve
A graph plotting the number of new cases per unit time
(13). See also actual epidemic curve; apparent epidemic
curve.

Expert opinion
Information gathered through consultation with
individuals recognised as knowledgeable regarding the
subject at hand, to inform input parameter values for
disease spread models. Expert opinion is based on
personal experience, opinion, and assumptions and is an
important source of information when data are needed but
not readily available through other sources (12).

F
Face validity (Syn. Conceptual validity)
The process of determining if the interrelationships of the
real system are adequately represented by the model and if
the model outcomes make biological sense (11, 7). See also
validation.

Forward trace (Syn. Trace forward, Trace-out) 
To track or identify the movements of animals, personnel,
vehicles, or equipment (i.e. direct and/or indirect contacts)



Massey University EpiCentre. Further information is
available at: www.interspreadplus.com.

Iteration (Syn. Realisation, Run)
The process of achieving results through the successive
repetition of a sequence of steps (1).

L
Latent state 
A disease state characterised by the period of time that
elapses between exposure to a disease agent and the onset
of infectiousness (shedding of disease agent) (8). See also
incubation period.

M
Mean
A measure of central tendency. The average value for a set
of data calculated by summing all of the sample values and
dividing by the total number of samples (13).

Median
A measure of central tendency. The middle value for a set
of observations arranged from lowest to highest such that
half of the observations fall below the value and half of the
observations are above the value (13).

Mode
A measure of central tendency. The most common value in
a set of observations (6).

Model
A representation of a system or process that is intended to
simulate reality. Models are commonly used to investigate
how the system may respond to different interventions
(12).

Model stability
See stability.

Monte Carlo simulation
A simulation model in which input values are sampled
randomly from input distributions for each iteration of the
model (10).
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N
NAADSM (North American 
Animal Disease Spread Model)
A stochastic, state transition model which incorporates
spatial and temporal information to simulate the spread 
of highly contagious animal diseases. NAADSM provides a
framework for the construction of epidemiological
simulation models. NAADSM is available at:
www.naadsm.org (5).

Natural immunity
A disease state in which herds/flocks are immune due to
natural progression through the disease states (i.e. previous
exposure to the pathogen) (5, 6). See also immune;
vaccine immune.

P
Parameter
See input parameter.

Prediction interval
The range in which an observation is expected to exist with
a specified probability based upon past observations (2).

Premises
An area of land and the animals on it. Disease spread is
sometimes modelled between premises, herds, flocks or
pens rather than between individual animals, consequently
certain input parameters (e.g. direct and indirect contact
frequencies and distances) are established to represent
between-premises dynamics.

Prevalence
The proportion of the population that is affected by a
disease or a condition at a specific time (4).

Probability density function
A distribution of values for a continuous variable that is
representative of the range of possible values for a disease
spread model input parameter (2, 5).

Probability distribution
For a discrete random variable, a function (e.g. Poisson
distribution) that gives the probability of each value of the
variable. For a continuous random variable, a curve (i.e.
probability density function) used to specify the
probability of a value for the variable falling within the



frequency distribution (6). See also probability density
function.

Probability of infection
The probability that transmission will occur and will result
in infection, given exposure of a susceptible individual to
an infectious source. The probability of infection will vary
depending on the disease agent, the host, and the
environment.

R
Realisation
See iteration.

Recovered
See immune.

Relative validity
The process of comparing the model outcomes of a disease
scenario applied to several independently developed
models to identify similarities and differences in results (7).
See also validation.

Reproductive number (R)
The number of secondary cases generated by an existing
case. R=R0(S/N) where S is the number of susceptible
individuals and N is the total number of individuals in the
population (8). See also basic reproductive number.

Run
See iteration.

S
Scenario
A collection of input parameters applied to an
epidemiological simulation model to describe a biological
system, event or process.

Sensitivity analysis
The process of assessing the influence of uncertain input
parameters or assumptions on model outcomes (12).

SEIR model
A method for modelling the spread of infectious diseases
which is similar to SIR models but adds an additional

disease state, exposed (E). Members of the population exist
within one of four disease states: susceptible (S), exposed
(E), infectious (I), or recovered (R), corresponding to the
letters of the acronym for which the model is named, and
transition from one disease state to the next (8).

SIR model
A method for modelling the spread of infectious diseases.
Members of the population exist within one of three
disease states: susceptible (S), infectious (I), or recovered
(R), corresponding to the letters of the acronym for which
the model is named, and transition from one disease state
to the next (8, 12).

Stability (Syn. Model stability)
The reliability of a model, i.e. the consistency with which
it is free of errors, especially those affecting model accuracy
and results (7).

Stochastic models
A type of model that takes into account the variability and
uncertainty of biological processes by using distributions
as model input parameters. These models produce a range
of possible outcomes and the probability of any particular
outcome (13). See also deterministic models.

Subclinically infectious
A disease state in which there is an absence of clinical signs
but in which disease agent is being shed (5).

Susceptible
A disease state characterised by the capacity to become
infected. Individuals in this disease state are neither
infected, naturally immune, nor vaccine immune (8).

T
Theoretical distribution
A distribution based upon mathematical formulas and
calculations, with a defined shape and specific parameters.
Statistical methods (i.e. goodness of fit tests) are often used
to select theoretical distributions which best fit the
observed data. See also empirical distribution.

Traceback
See backward trace.

Trace-in
See backward trace.
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Trace forward
See forward trace.

Trace-out
See forward trace.

Tracing
To track or identify the movements of animals, personnel,
vehicles, equipment, etc. (direct and/or indirect contacts)
to and from an infected premises for the purposes of
detecting the source of infection and to identify potential
disease spread to other premises (13). See also backward
trace; forward trace.

Transmission
A process by which a disease agent is passed from one
individual to another (6). See also airborne transmission;
direct transmission; indirect transmission.

Triangular distribution
A probability density function defined by a minimum, a
maximum, and a mode (most likely value). This
distribution is often used to represent information
collected from subject matter experts and can be used
when information is scarce (15). See also expert opinion;
probability density function.

U
Uncertainty
Lack of knowledge regarding the biological system. Input
parameters often include a degree of uncertainty due to a
lack of thorough understanding or available data regarding
the processes or events being modelled. Uncertainty in
input parameter values is incorporated into stochastic
models through the use of probabilistic methods (12).

Uniform distribution
A symmetrical probability density function defined by a
minimum and a maximum. Uniform distributions are
applied when there is an equal probability of values
occurring between the minimum and maximum (15). See
also probability density function.

V
Vaccine immune
A state in which herds or flocks are immune due to
vaccination (4). See also immune; natural immunity.

Validation
The process of assessing if a model is an acceptable
representation of the biological system it was intended to
emulate, if the model outcome makes biological sense, and
if it mimics real life (11, 13). See also face validity;
relative validity.

Variability (biological)
Differences between individuals (herds/flocks) or within an
individual (herd/flock) under differing circumstances 
(e.g. environmental, climatic, regional, host susceptibility,
agent virulence). Use of stochastic models is intended to
account for the natural variability intrinsic to the model
parameters through the use of probabilistic methods (12).

Verification
The process of determining if the mathematics and
programming in a model are working correctly and as
intended (7, 12).

W
Weibull distribution

A probability density function defined by shape (�) and
scale (�) (where both � and � are  greater than zero) used
to model the time until occurrence of an event where the
probability of occurrence changes over time (15). See also
probability density function.

Within-unit prevalence
The average daily prevalence of infectious (subclinically
and clinically infectious) individuals within infected herds,
flocks or pens. See also clinically infectious;
subclinically infectious.
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Lexique terminologique de la modélisation 
de la propagation des maladies

K. Patyk, C. Caraguel, C. Kristensen & K. Forde-Folle

Résumé
Depuis une dizaine d’années, les études de modélisation réalisées dans le
domaine de la santé animale ont considérablement gagné en envergure et en
diversité. L’utilisation des modèles en tant que composante de l’élaboration des
politiques de santé animale a également connu un fort développement. La
dépendance croissante à l’égard des modèles impose aux décideurs (c’est-à-
dire à ceux qui formulent les problématiques politiques et scientifiques, qui
commandent les études de modélisation et qui utilisent les conclusions tirées de
ces travaux pour élaborer les politiques à mener), aux intermédiaires (c’est-à-
dire à ceux qui travaillent avec les concepteurs de modèles et qui transmettent
aux décideurs les conclusions d’une modélisation) et aux concepteurs eux-
mêmes de mieux se comprendre et de travailler sur un mode collaboratif. La
création d’un lexique regroupant la terminologie de la modélisation de la
propagation des maladies peut contribuer à améliorer la communication et la
collaboration entre tous ces acteurs.

Mots-clés
Dictionnaire – Glossaire – Lexique – Modèle de propagation d’une maladie –
Terminologie – Terminologie de la modélisation.

Léxico de los modelos de propagación de enfermedades

K. Patyk, C. Caraguel, C. Kristensen & K. Forde-Folle

Resumen
En el curso del último decenio, el trabajo de elaboración de modelos en el
terreno de la sanidad animal ha conocido un notable incremento en magnitud y
diversidad. Igualmente, los modelos han cobrado un creciente protagonismo
como componente de los procesos de formulación de políticas zoosanitarias.
Dada la creciente dependencia respecto de la elaboración de modelos, resulta
indispensable mejorar la comprensión y los nexos entre los planificadores (que
son quienes plantean interrogantes normativos o científicos, encargan el trabajo
de modelización y utilizan sus resultados para definir políticas), los
intermediarios (responsables de trabajar con los creadores de modelos y de
explicar sus resultados a los planificadores) y los propios creadores de modelos.
La elaboración de un léxico relativo a los modelos de propagación de
enfermedades puede ser útil para instaurar una clara comunicación y
colaboración entre todas esas partes.

Palabras clave
Diccionario – Glosario – Léxico – Modelo de propagación de enfermedades –
Terminología – Terminología de la elaboración de modelos.



References
1. Everitt B.S. (ed.) (2006). – The Cambridge Dictionary of

Statistics, 3rd Ed. Cambridge University Press, Cambridge,
United Kingdom.

2. Forthofer R.N., Lee E.S. & Hernandez M. (2007). –
Biostatistics: a guide to design, analysis, and discovery, 
2nd Ed. Elsevier, Inc., Burlington, MA.

3. Garner M.G. & Beckett S.D. (2005). – Modelling the spread
of foot-and-mouth disease in Australia. Aust. vet. J., 
83 (12), 758-766.

4. Gordis L. (2004). – Epidemiology, 3rd Ed. Elsevier Saunders,
Philadelphia, PA.

5. Hill A. & Reeves A. (2006). – User’s Guide for the North
American Animal Disease Spread Model 3.0., 2nd Ed.
Colorado State University: Animal Population Health
Institute, Colorado State University, Fort Collins, CO.

6. Last J.M. (Ed.) (2001). – A dictionary of epidemiology, 
4th Ed. Oxford University Press, New York.

7. North American Animal Disease Spread Model Development
Team (2009). – Versioning, stability, verification, 
and validation of NAADSM. NAADSM Technical Paper No. 1.
Available at: www.naadsm.org/documentation/techpapers
(accessed on 1 September 2010).

8. Nelson K.E. & Williams C.M. (2007). – Infectious disease
epidemiology, 2nd Ed. Jones and Bartlett Publishers, Inc.,
Sudbury, MA.

9. Reeves A.R. (2010). – Introduction to epidemiologic
simulation modeling course, 9-13 August, Fort Collins. CO.

10. Salman M.D. (Ed.) (2003). – Animal disease surveillance and
survey systems. Iowa State Press, Ames, IA.

11. Sargent R.G. (1999). – Validation and verification of
simulation models. In Proc. 1999 Winter Simulation
Conference (P.A. Farrington, H.B. Nembhard, D.T. Strurrock
& G.W. Evans, eds), 5-8 September 1999, Phoenix, AZ, 
39-28.

12. Taylor N. (2003). – Review of the use of models in informing
disease control policy development and adjustment. A Report
for the Department for Environment, Food, and Rural Affairs,
United Kingdom. Available at: www.defra.gov.uk/science/
documents/publications/2003/UseofModelsinDiseaseControl
Policy.pdf (accessed on 01 February 2009).

13. Thrusfield M. (2005). – Veterinary Epidemiology, 3rd Ed.
Blackwell Science Ltd, Ames, IA.

14. Toma B., Vaillancourt J.P., Dufour B., Eloit M., Moutou F.,
Marsh W., Bénet J., Sanaa M. & Michel P. (eds) (1999). –
Dictionary of veterinary epidemiology. Iowa State University
Press, Ames, IA.

15. Van Hauwermeiren M. & Vose D. (2009). – A compendium
of distributions. Vose Software. Ghent, Belgium. Available 
at: www.vosesoftware.com/content/ebook.pdf (accessed on 
1 September 2010). 

Rev. sci. tech. Off. int. Epiz., 30 (2)554


