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Background: Animal production in
Denmark 2006

5.400 Dairy herds, 555.000 cows
8.000 Pig herds, 13 mill pigs

Size of Denmark:
98 43.004 km2, ~50% agriculture

e

National Veterinary Institute OIE and USDA-APHIS _ DTU
Workshop on epidemiological modelling >
11-13. August, 2008 -—


Presenter
Presentation Notes
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~ 1 herd per square kilometre



http://en.wikipedia.org/wiki/Image:EU_location_DEN.png

Background: Last outbreak of FMD iIn
Denmark

e 1982-1983

« According to epidemiological studies:

— Multiple windborne introduction
— 23 affected herds

— Mode of transmission from index herd
 Practising veterinarian (4)
e Milk truck (4)
» Collection of slaughter pigs (3)
e unknown
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Aim of this project

... to provide the decision basis for the
choice of control strategies (culling and
vaccination) against FMD in Denmark In
case of an outbreak

“* The assessment should account for
livestock demographics and disease
control capacity
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Research hypothesis

* The result from stochastic simulation
models for the spread of FMD can partly
be explained by method-specific factors,
l.e. by the choice of modelling software.
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Materials and methods
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Conceptual model used in the project
* We used a state-transition concept

|"Ig of imm '|I15- Recovered
(enrung]

 The most important parameter Is the rule
that defines the transition from
susceptible to the infected state
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Models used in the project

« EXxplicit time-space stochastic models:

— the Warwick model
— InterSpread Plus
— the Davies model
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Key features of mechanisms of between-
herd transmission of FMD

1. Animal movement
2. Indirect movement
3. Windborne spread
4. Local spread
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Features of how the models includes
mechanism of between-herd transmission
of FMD

* |n the Warwick model, the transmission
IS model as a function based on a
transmission kernel and include all
mechanism of transmission.

* InterSpread Plus and the Davies model
handle each mechanism separately.
Windborne transmission was not
considered in these models

OIE and USDA-APHIS
Workshop on epidemiological modelling
11-13. August, 2008

National Veterinary Institute

=
=
=

)


Presenter
Presentation Notes
The transmission kernel defines how infectivity decreases with distance between an infected and a susceptible herd

The kernel subsume all of the different transmission mechanisms that exists in reality 


13

National Veterinary Institute

Data used In the simulation

* Herd-specific data:
— Location of holdings
— Type of holding
— Species
— Production type

— Number of animals in relevant categories
(species, age, sex)

— Number of animal movements in and out of
the herd
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Restrictions and assumptions in the
simulation

« Wildlife, small ruminants and non-registered
backyard populations was not considered in the
simulations

e Only herds in Jutland
were included in
the simulation

— ~27,000 herds with cattle, °
swine or cattle and swine

« Susceptibility of swine equal to the
susceptibility of cattle
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Outbreak scenarios

 Two outbreak scenarios were simulated
— Small outbreak scenario
— Large outbreak scenario
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Small outbreak scenario

e The index herd was a random swine
herd with contact to a mixed herd

* During the silent period of 16 days, all
direct and indirect contacts to the index
herd were traced — In total 6 infected
herds before detection

e Standstill at day 17
 All contact is infective
e Local spread in a 3 km. radius
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Large outbreak scenario

National Veterinary Institute

Unknown source of FMD at a random
coordinate

Plume spread by western wind at day 1 to 30
dairy herds (index herds)

During the silent period of 16 days, all direct
and indirect contacts to the index herds were
traced — in total 106 infected herds before
detection

All contact is infective
Local spread in a 3 km. radius
Standstill at day 17
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Simulated control options from day 17 and
onwards

1. Culling of infected herds and
dangerous contacts

2. 1 + culling in 1 km radius of infected
premises

3. 1 + vaccination of cattle in 3 km radius
of infected herds

4. 1 + vaccination of cattle in 7 km radius
of infected herds
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Simulation

e # simulations

— 1,000 simulations at each scenario and
control strategy

* |nput to the models

— EXxplicit spatial animal demographics

— Movement data was included as distributions
e Simulation restricted to Jutland

— ~27,000 herds with cattle, swine or cattle
and swine

OIE and USDA-APHIS
Workshop on epidemiological modelling
11-13. August, 2008

=
—

)



27

National Veterinary Institute

Results

* Heat maps showing the geographical
extend and intensity of the outbreak after

120 days

 Cumulative number of infected and
culled herds after 120 days
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Heat maps of small outbreak scenario and
use of culling as control — different models

InterSpread Plus
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2 Heat maps of small outbreak scenario varying the
susceptibility of swine compared to the
susceptibility of cattle and use of the culling control

strategy: Davies (left) and Warwick model (right)
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% Heat maps of small outbreak scenario and
use of different control strategies —
simulation done in InterSpread Plus

Model: InterSpread Model: InterSpread Model: InterSpread
Outbreak scenario: S1b Cutbreak scenario: S1b Outbreak scenario: S1b
Control option: Cul Control option: Ring Control option: 7ka
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Heat maps of small outbreak scenario and

use of different control strategies —
simulation done in the Warwick model

Model: Warwick
Qutbreak scenario: S1b
Control option: Cul
Output measure: Infected
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. Heat maps of large outbreak scenario and
use of culling as control — simulation done
In three different models

The Davies model InterSpread Plus The Warwick model
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Heat maps of large outbreak scenario and

use of vaccination as control — simulation
done In three different models

The Davies model InterSpread Plus The Warwick model
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34 Comparing the effect of initial number of
Infected herds: InterSpread Plus (left) and
the Davies model (right) and use of culling
as control strategy
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In 1b in average 8 infected herds 

In 2a in average 150-180 infected herds


* Heat maps of large outbreak scenario and
use of different control strategies —
simulation done in InterSpread Plus
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*  Heat maps of large outbreak scenario and
use of different control strategies —
simulation done in the Warwick model
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37 Outbreak scenario 1b; IP. Davis model
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Number of
culled herds In
the small
outbreak
scenario after
120 days

National Veterinary Institute

Outbreak scenario 1b; Culled. Davis model
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Number of
vaccinated
herds in the
small outbreak
scenario after
120 days
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Outbreak scenario 1b; Vaccinated. Davis model
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Number of
Infected herds In
the large
outbreak
scenario after
120 days
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Outbreak scenario 2a; IP. Davis model
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Number of
culled herds in
the large
outbreak
scenario after
120 days
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Q Outbreak scenario 2a; Vaccinated. Davis model
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General conclusions

 Significant different in the behaviour of
the outbreak

— The Warwick model gave relatively long
lasting outbreaks

— The Warwick model gave relatively large
outbreaks with many infected herds
 |nteraction between type of scenario
(seed, initial conditions) and model.

— Some ‘seeds’ did not generated large
differences
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Critical aspects of the Davies model and
InterSpread Plus

e You have to believe in the parameter estimates
used in the model.

* The values of the parameters used in the
models are very often based on gut feelings
and not obtained from experimental and
observational studies

* Need to understand the biological process in
disease transmission
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Critical aspects of the Warwick model

« Parameter estimates theoretical based on the
transmission pattern in real outbreaks — UK
2001.

e Limited flexibility
— Assuming this was an average outbreak

— Transmission curve includes the effect of: virulence of
the FMD virus, windborne spread, illegal movement,
Indirect contact

— The transmission curve can not be adjusted given
specific knowledge to some of the parameters
* Driven by herd density — high herd density
Increase the spread.
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Important aspects of FMD epidemiology
that the models ignore

National Veterinary Institute

The effect of quantity of virus: relation between amount of
infectious particles and incubation time

Do not include specific details about transmission
between pig-pig, pig-cow, cow-pig, pig-sheep and sheep-
pig because of missing knowledge

Susceptibility and transmission rates are not well known,
and these have major influence on the transition
probabilities. Small changes in these parameters may
have dramatically effects on the output

The character of any FMD epidemic is decided by a
series of stochastic events during the first days during the
silent period. These events have large effect of the output
of models.
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Jeg kan ikke sådan lige på kort tid fortælle hvad der er galt med modellerne, måske mest af alt at modelløerne (dvs menneskene bag) meget sjældent, eller måske aldrig, reelt har forstand på det de modellerer endsige på biologi og derfor overfortolker sikkerheden på forskellige biologiske/eksperimentelle oplysninger. Jeg mener således ikke der er FMD simuleringsmodeller der er bedre end andre, men mange af dem har det kæmpeproblem at de reelt ikke kan håndtere risikoen for spredning fra svin til svin, fra svin til kvæg, fra kvæg til svin, fra svin til får og fra får til svin, idet der stort set ingene eller slet ingen data er fra felten, herunder fra udbruddet i UK 2001. Det betyder reelt at de hele bliver gætteri, og når jeg ved, fra egen erfaring både fra forsøg og fra modellering, det er blot at forudsige f.ek.s luftbåren spredning bare på kort afstand, så mener jeg reelt at det er rent gætteri at pprøve at modellere spredning per alle mekanismer under variable feltforhold. Dertil kommer, at selve karakteren af en epidemi fastlægges af en række stokastiske tilfældigheder i starten og hvis ikke man har eller kender disse startop karakteristika bliver det igen gætteri. Kort sagt, det er måske nok anvendeligt at anvende modellering, men efter min mening ikke føre man har data fra starten af epidemien, dvs efter de første 14 dage som reelt er de allervigtigste, og når man så har dem så er det nok for sent at modellere, der skal istedet is i blodet og evnen til at reagere hurtigt og komplekst, og hidtil er den menneskelige hjerne koblet med grundig biologisk, erfaringsmæssig, local og logistics viden uovertuffen til det, her kan computeren endnu ikke være med (blot min mening). Men uanset hvad man mener om modellering så er det det kæmpeproblem at vi reelt talmæssigt har meget lidt data omkring svins betydning, dvs hvor let bliver de involveret (hvor let smittes de, både hvor følsomme er de og hvor meget spiller biosecurity ind) og hvis det sker, hvor meget mere smitter de så end kvæg og får, disse data kan nemlig desværre IKKE hives ud af UK 2001 data og selv om de kunne så ville tallene kun gælde for de forhold der gjaldt i UK i 2001, og hvad er glæden ved at modellere fortiden?

 

Hilsen

 

Søren 



HVI: the scenarios we are modelling only represent a guess of what can happen in a stochastic process.

What we have is the simulated outcome from one/few fixed initial conditions.



Type of seed and choice of model decides the output of the model.
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Experience gained from the project - |

* Importance of output parameters may
differ depending on the country.

— In Denmark we are focusing on the duration
of the outbreak because of the possibilities
to regain export opportunities

* No standardized approach to compare
output of models

OIE and USDA-APHIS
Workshop on epidemiological modelling
11-13. August, 2008

=
=
=

National Veterinary Institute

)
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National Veterinary Institute

Experience gain from the project - Il

e [nteraction between the effect of control
measures, ‘seed’ and model used In the

simulation

« Depending on the reason for simulation,
even If the models behave very different,
the conclusion that is based on the
model output can be the same

OIE and USDA-APHIS
Workshop on epidemiological modelling
11-13. August, 2008

=
=
=

)
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