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Contact probabilities
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ÅPredicting the spread of a disease
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Depends on 
the contact between entities (persons, animals, farms)
the specifics of the disease

This talk will focus on the contact pattern
what is important
how to estimate 2



Contact probabilities
Spread of disease
Animal transport

ÅStructure of the talk
1. Why modeling spread of disease? 

2. What is important? Characteristics in contact structure 
that have effect on spread of disease (according to science).

3. Different models. Advocating data driven approach.

4. How to construct a data driven model: Spread of disease 
between farms. 

Contacts through animal transports/shipments
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Why Modeling 
Spread of Disease

ü Spread of disease: health and costs.
ü Foot and mouth outbreak in UK 2001:
ü slaughter of 3.4 million animals

ü loss of  2 billion £ 

ü Modeling Spread of Disease: A tool to predict 
the spread.
ü May improve decisions and interventions

(calculations show that less 3% of proactive slaughter 
during FMD outbreak was on infected herds, Chris Ster
2009)
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May or maynot! 
Is it reality or virtual reality?
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What is important? 
Characteristics in contact structure that 

have effect on spread of disease

1. Spread- Diffusion:  Distanceper time unit
In meter och numberof nodes

Mathematics - analysisςtells usthat the

1. The amountof contacts/time. The width of the kernel. Variance. 
2. The  proportion shortdistancevs longdistance. The shapeof the 

kernel. Kurtosis.

If boundedby exponentialdistribution thanenough
with width, the variance. (Mollison1977 and  Clark 1998)
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Mathematicalanalysisare only
possiblein homogenouslandscapes
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Mathematicalanalysisare only
possiblein homogenouslandscapes!

Livestock distribution in the US.

(from USDA 2003)
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Mathematicalanalysisare only
possiblein homogenouslandscapes!

Livestock distribution in the US.

(from USDA 2003)
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DatabaseEU:
All animal (cattle and pigs) movements
betweenfarms and farms to 
slaughterhouses.
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Different models. 
Advocating data driven approach.
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Whatmodelsand 
approaches?

Using databasesςcutting edgestatistics
Usingbehaviouralmodeling
Makingassumptions

Veterinarymedicine
BehaviouralModeling

Usethe data ǘƘŀǘΩǎ
available.

Transport data
Outbreakdata
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Transport data and other data
+
Most recent structure
Before outbreak

-
Not all transmission paths
Not how infective

Outbreakdata (UK 2001)
+ 
actualtransmissions

-
Not all countrieshavesuchdata
Different structuresin different countries
Structurechangeover time

vs
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Transport data and other data
+
Most recent structure
Before outbreak

-
Not all transmission paths
Not how infective

Swedish choice: 

Not to useUK outbreakdata.

No cattle markets inSweden
etc



How to construct a data driven model: 
Spread of disease between farms..
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12 months  - cattle approximately 1 000 000 
reports of sales and purchase 

CuttingedgestatisticsMCMC Bayesianmethod
Combinea set of kernels, reflectingset of behaviour
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12 months  - cattle approximately 1 000 000 
reports of sales and purchase 

CuttingedgestatisticsMCMC Bayesianmethod
Combinea set of kernels, reflectingset of behaviour

cattle pig



How to construct a data driven model: 
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Density ςproportion of farms connected

Does the differencematter??
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Usethe data ǘƘŀǘΩǎavailable

Cuttingedgestatistics
Associate Professor 
Uno Wennergren
Theoretical Biology LinköpingUniversity
Funded by 
MSB Swedish Civil Contingencies Agency
In collaboration with 
SVA Swedish Veterinary institute
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Fitting to data

ÅBayesian approach

ÅIncreasingly common at least in ecological 
literature.

Ellison 2008
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Markov Chain Monte Carlo

ÅParameters obtained through Markov Chain 
Monte Carlo (MCMC).

ÅWell suitable for epidemiological problems.

ÅA simple model can be expanded to include 
complexity.

ÅDrawback is computation time, and effective 
parallelization is difficult.
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Markov Chain Monte Carlo

ÅRepeated (correlated) random draws from the 
posterior distribution of parameters. 

ÅGibbs Sampling

ïDirect draws from known distributions 
conditional on other parameter values

ÅMetropolis-Hastings

ïValues are proposed and subsequently accepted 
or rejected dependent on likelihood ratios
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Markov Chain Monte Carlo

ÅAlso allows for model selection by comparing 
the full posterior distribution of model 
probabilities.

ÅIn our study, the mixture model was a much 
better model.

Pigs

Cattle
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Is the kernel function good enough?

ÅA single distribution may not be sufficient to 
fit data on multiple scales (both short and 
long distance contacts).

ÅAn alternative model
ïA mixture model

ïPart distance dependent and part uniform (Mass 
Action Mixing)

ÅModels applied to pig and cattle transports 
(all transports during one year).

.
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An alternative model

Åf1 is distance dependent part:

Åf2 is MAM part:

Åw is proportion of distance dependence
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More than distance?

ÅWhy not compare to observed networks?

ÅIs there something but distance that matter?

Å{ƻƳŜ ǿƻǊƪ ƛƴ ǇǊƻƎǊŜǎǎΧ
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More than distance?

ÅPig industry very structured, production types

ïMultiplying herd 

ïSow pool central unit

ïSow pool satellite herd 

ïFattening herd 

ïFarrow to finish herd 

ïPiglet producing herd 

ïNucleus herd
http://www.swedishmeats.com
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Second end

26



Production types in cattle?

ÅDairy and beef producers

ÅMale calves on dairy farms are often sold to 
beef producers (at lest in Sweden)

ÅOther differences in production types?

ïRoping?

ïOrganic farming?

ïClimate/geograficfactors 
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More than distance?

ÅwŜŀƭƛǘȅ ƛǎ ƳŜǎǎȅΧ

ïData base not perfect

ïMissing production types

ïSeveral production types per farms

ÅWeights in the model

ïA farm is a fraction of each possible type.

ÅOne parameter estimation per combination 
(sender/receiver) of production types.
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More than distance?

ÅSize dependence

ïSize (Capacity)

ïTwo different sizes

ÅAdult sows

ÅPiglets

ÅDifferent production types have different response

ïDifferent for sending or receiving

ï¢ƻǘŀƭ спȄп ǇŀǊŀƳŜǘŜǊǎ Ƨǳǎǘ ŦƻǊ ǎƛȊŜΧ

ïModeled as power function (Size̒)
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More than distance?

ÅDistance dependence

ïDifferent for different production types

ïVariance, Kurtosis and mixing parameter for each 
combination
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More than distance?

Åaŀƴȅ ǇŀǊŀƳŜǘŜǊǎΧ

9*64=576

ÅSome combinations of production types have 
few transports => uncertain estimations.

ÅVariance and kurtosis not clearly different 
ŦǊƻƳ қΦ

ÅUsing a prior may help

ï.ǳǘ ƛǘΩǎ ƴƛŎŜǊ ǘƻ ōŜ ƻōƧŜŎǘƛǾŜΧ
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Hierarchical Bayesian

ÅWe can let the data decide the prior

ïHyper parameters

ÅHierarchical Bayesian model

Åά.ƻǊǊƻǿƛƴƎ ǎǘǊŜƴƎǘƘέ
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Animal transports ςpart 2

1̒ 2̒ 3̒ n̒

Data

P(̒ )
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Hierarchical Bayesian

ÅWhen would this make sense?
ïIf parameters values are expected to be different 

but not totally different

ï9ΦƎΦ ŘƛǎǘŀƴŎŜΧ

ÅtŀǊŀƳŜǘŜǊ ŜǎǘƛƳŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ƳǳŎƘ ŘŀǘŀΧ
ïLittle influence of hierarchical prior

ÅtŀǊŀƳŜǘŜǊ ŜǎǘƛƳŀǘƛƻƴǎ ǿƛǘƘ ƭƛǘǘƭŜ ŘŀǘŀΧ
ïHighly influenced by the hierarchical prior. 

Increases the variance of the prior distribution.
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Animal transport
2006 -

ÅAims of different projects

ÅThe context

ïResearch groups, their expertise

ïData base on animal movements

ÅSpecific research questions

ÅEstimating probability of animal movements ς
Tom Lindström
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Projects 
- aims
- groups

ÅSpread of disease: Foot and mouth disease. 

ïPrepare to optimize intervention

ÅAnimal welfare

ïReduce stress and distance transported 
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ÅSpread of disease: Foot and mouth disease. 
Funded by Swedish Civil Contingencies Agency (Swedish DHS): 
н ƎǊŀƴǘǎΣ tLΩǎΥ ¦² ŀƴŘ {{[ ŀǘ {±!

ïPrepare to optimize intervention

ÅSpatio-Temporal Biology  (4 persons)
ïBiology/Ecology

ïMathematics

ïScientific Computing

ÅNational Veterinary Institute (SVA) (3 persons)
ïDisease control and epidemiology

ïVeterinary medicine
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ÅAnimal welfare

ïReduce stress and distance per animal
ÅFunded by Swedish Board of Agriculture (Swedish USDA) PI: UW 

ÅSpatio-Temporal Biology  (3 persons)
ïBiology/Ecology

ïMathematics

ïScientific Computing

ÅDept. of Animal Environment and Health, Swedish 
University of Agricultural Sciences (2 persons)
ïAnimal welfare

ïVeterinary medicine

ÅSkogforsk, LiU, NHH (3 persons)
ïOptimization ςLogistics

ïroute planning  ς
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Database

ÅAll animal (cattleand pigs) 
movementsbetweenfarms and farms 
to slaughterhouses.

ÅNot per vehicle
ïCattleon individuallevel: birth, salepurchase, 

export, import, temporarilyaway(pasture), 
return from pasture, slaughter/house, death

ïPig, on group level: as above

ÅReport within sevendays

Farms and slaughterhouses in Sweden. Dots: blue ïfarms, red ï

large slaughterhouses. Green - smaller slaughterhouses. From 

Håkansson et al 2007.

Sweden
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Database -specifics

Å12 months  - cattle approximately 1 000 000 

reports of sales and purhase

ÅImportant: errors in reports 10%

ïPossible to edit the database and reduce to 1% 
error by logical corrections (database cleaning)

Spatial and temporal investigation of reported movements, births and 
deaths of cattle and pigs in Sweden. Submitted. Nöremark , Håkansson, 
Lindström, Wennergren, and Sternberg Lewerin.
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Specific research questions

1. Other contacts between farms - questionnaire to 
farmers (SVA)

2. From measured contacts to probability of contact

3. Spread: Modeling disease specifics

4. Route planning of animal transport ςeffect on contacts and 
movement distance.

5. Production units:  composition and configuration 

6. Networks
1. Analysing transport network

2. Testing efficiency of network measures as predictors
1. Generating netorks

2. Testing linkdensity on network formation

3. Testing measures as predictors
42
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