A method to estimate contact

probabilities.
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A Predicting the spread of a disease

Depends on
the contact between entities (persons, animals, farms)
the specifics of the disease

60 ©
o
0 06

This talk will focus on the contact pattern
what is important
how to estimate
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Spread of disease
Animal transport

A Structure of the talk
1. Why modeling spread of disease?

2. What Iis important? Characteristics in contact structure
that have effect on spread of diseasedording to sciengde

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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Animal transport Spread of Disease
Why modeling

U Spread of disease: health and costs.

U Foot and mouth outbreak in UK 2001:
U slaughter of 3.4 million animals
0 loss of 2 billion £

U Modeling Spread of Disease: A tool to predict

the spread.

U May improve decisions and interventions
(calculations show that less 3% of proactive slaughter
during FMD outbreak was on infected herds, CStex

2009)

May ormaynot!
Is itreality or virtual reality?
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Animal transport .. :

Characteristics in contact structure that
have effect on spread of disease

What is important

1. Spread- Diffusion: Distanceper timeunit

In meter ochnumberof nodes

Mathematics - analysis; tells usthat the

1. Theamountof contacts/time Thewidth of the kernel Variance

2. The proportiorshortdistancevsiongdistance Theshapeof the
kernel Kurtosis

If boundedby exponentialdistributionthan enough 0}
with width, the variance (Mollison1977 and Clark 1998
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Characteristics in contact structure that
have effect on spread of disease
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Why modeling
What is important
Different models

Distribution of selected livestock )

Sheep and lambs N - ~

@ 1 Dot = 25,000 T ONEATY
Cattle and cows |

@® 1 Dot = 25,000
Hogs and pigs

® 1 Dot = 25,000

Source: 1997 Census of Agriculture.

Livestock distribution in the US.
(from USDA 2003)




Contact probabilities - =
S D60 0 CIEEESE What is important?
Animal transport .. :
Characteristics in contact structure that
have effect on spread of disease

Mathematicalanalysisare only

possiblein homegenouslandscapes! Why modeling

What is important
Different models

Livestock distribution in the US. How to
(from USDA 2003)

What contactsare there? m

DatabaseEU:
All animal ¢attle and pig9 movements —
betweenfarms and farms to

slaughterhouses
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Why modeling
What is important
Different models
How to

Database=U:

All animal ¢attle andpig9
movementsbetweenfarms and
farms toslaughterhouses
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Animal transport Different models.
Advocating data driven approach.
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Why modeling
What is important
Different models

————> e e

Whatmodelsand
approache8

Veterinarymedicine
BehaviouralModeling

Usethe datali K I (1 Qa

l
Qﬁ;g\ﬁ = available

Using databases; cutting edgestatistics TrarllaSpoLtddata
Usingbehaviouraimodeling Outbreakdata
Makingassumptions
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Advocating data driven approach
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‘ Different models

Transport data andther data

+ VS Outbreakdata (UK 2001)

Most recentstructure + -

Beforeoutbreak actualtransmissions

Not all transmissiopaths Not allcountrieshavesuchdata

Not how infective Different structuresin differentcountries

Structurechangeover time
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Different models. _
Advocating data driven approach

Swedishchoice
Not to useUKoutbreakdata.

No cattle marketsinSweden
etc

Transport data andther data
+

Most recentstructure
Beforeoutbreak

Not all transmissiopaths
Not how infective

0
0 s 6 4 2 0 2 4 6 8 10

Different models
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Animal transport  How to construct a data driven model:
Spread of disease between farms..

How to

CuttingedgestatisticsMCMCBayesiamrmethod
Combinea set ofkernels reflectingset ofbehaviour

l

12 months - cattle approximately 1 000 000
reports of sales and purchase
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Animal transport  How to construct a data driven model:
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CuttingedgestatisticsMCMCBayesiamrmethod
Combinea set ofkernels reflectingset ofbehaviour

12 months - cattle ap]proximately 1 000 000
reports of sales and purchase
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Animal transport  How to construct a data driven model:
Spread of disease between farms..
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END

Cuttingedgestatistics

Usethe dataii K | atiafledle

Why modeling
What is important
Different models
How to

Associate Professor

Uno Wennergren

Theoretical BiologlinkdpingUniversity
Funded by

MSB Swedish Civil Contingencies Agency
In collaboration with 15

SVA Swedish Veterinary institute
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Fitting to data

A Bayesian approach

A Increasingly common at least in ecological
literature. :
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Markov Chain Monte Carlo

A Parameters obtained through Markov Chain
Monte Carlo (MCMC).

A Well suitable for epidemiological problems.

A A simple model can be expanded to include
complexity.

A Drawback is computation time, and effective
parallelization is difficult.




Markov Chain Monte Carlo

A Repeated (correlated) random draws from the
posterior distribution of parameters.
A Gibbs Sampling

I Direct draws from known distributions
conditional on other parameter values

A Metropolis-Hastings

I Values are proposed and subsequently accepted
or rejected dependent on likelihood ratios



Markov Chain Monte Carlo

A Also allows for model selection by comparing
the full posterior distribution of model

orobabillities.
A In our study, the mixture model was a much
petter model. '

200 F

=
5=

0] :
0 P
5 Cattle::
8 100} rt
W)

7\




Is the kernel function good enough?

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

A An alternative model

T A mixture model

I Part distance dependent and part uniform (Mass
Action Mixing)

A Models applied to pig and cattle transports
(all transports during one yearr).



An alternative model
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Af, is distance dependent part; €ab > ‘f
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Af,is MAM part: f.€. > Y 1

Aw is proportion of distance dependence



More than distance?

A Why not compare to observed networks?
A Is there something but distance that matter?
A{2YS 42N Ay LINRINBA:



More than distance?

A Pig industry very structured, production types
I Multiplying herd

I Sow pool central unit

I Sow pool satellite herd
| Fattening herd

I Farrow to finish herd

I Piglet producing herd
I Nucleus herd

http://www.swedishmeats.com
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Production types In cattle?

A Dairy and beef producers

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

A Other differences in production types?
I Roping?
I Organic farming?
I Climatefgeografidactors



More than distance?

AwSIl f AGé Aa YSaaex
I Data base not perfect

I Missing production ty
I Several production ty

Des
pes per farms

A Weights in the mode

I A farm Is a fraction of each possible type.

A One parameter estimation per combination
(sender/receilver) of production types.



More than distance?

A Size dependence
I Size (Capacity)
I Two different sizes
AAdult sows

APiglets
A Different production types have different response

I Different for sending or receiving
i¢20Ff cnEn LI N YSGSNA
i Modeled as power functiorSjze)



More than distance?

A Distance dependence
I Different for different production types

I Variance, Kurtosis and mixing parameter for each
combination



More than distance?

Aal y& LI NI YSUSNEAEX
9*64=576

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

A Variance and kurtosis not clearly different
FTNRY KO

A Using a prior may help
. dzi AG0Q&a YAOSNI 02 0S 2



Hierarchical Bayesian

A We can let the data decide the prior
I Hyper parameters

A Hierarchical Bayesian model
AGd. 2NN2gAY3I aUNBYy3IlKE



Animal transports part 2
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Hierarchical Bayesian

A When would this make sense?

| If parameters values are expected to be different
out not totally different

i9daId RAAUFYOSX
At F N YSUGSNI SAUAYFGA2YyE
I Little influence of hierarchical prior
At F N YSUGSNI SAUAYFGA2YyE
I Highly influenced by the hierarchical prior.
ncreases the variance of the prior distribution.
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Animal transport
2006-

A Aims of different projects

A The context
I Research groups, their expertise
I Data base on animal movements

A Specific research questions

A Estimating probability of animal movemengs
Tom Lindstrom



Projects
-alims
- groups

A Spread of disease: Foot and mouth disease.
I Prepare to optimize intervention

A Animal welfare
I Reduce stress and distance transported



A Spread of disease: Foot and mouth disease.

Funded by Swedish Civil Contingencies Agency (Swedish DHS):
H AN YGAaE tLQaAY '2 |yR {{[ Fda {=!

I Prepare to optimize intervention

ASpatieTemporal Biology (4 persons)
I Biology/Ecology
I Mathematics
I Scientific Computing
ANational Veterinary Institute (SVA) (3 persons)
I Disease control and epidemiology
I Veterinary medicine



A Animal welfare

I Reduce stress and distance per animal
A Funded by Swedish Board of Agriculture (Swedish USDA) PI: UW

ASpatieTemporal Biology (3 persons)
I Biology/Ecology
I Mathematics
I Scientific Computing
ADept. of Animal Environment and Health, Swedish
University of Agricultural Sciences (2 persons)
I Animal welfare
I Veterinary medicine

A Skogforsk, LiU, NHH (3 persons)
I Optimization¢Logistics
I route planning¢



Database

Sweden
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3 i A All animal ¢attle and pig9
movementsbetweenfarms and farms
to slaughterhouses

A Not pervehicle

I Cattleonindividuallevel birth, salepurchase
export, import,temporarilyaway(pasture,
return from pasture slaughter/house death

I Pig on groupevel asabove

A Reportwithin sevendays

Farms and slaughterhouses in Sweden. Dots: tlalens, redi
large slaughterhouses. Greesmaller slaughterhouses. From
Hakansson et al 2007.



Databasespecifics

A 12 months - cattle approximately 1 000 000
reports of sales angurhase

A Important: errors in reports 10%

I Possible 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. Noremark , Hakansson,
Lindstrom, Wennergren, and Sternberg Lewerin.



Specific research questions

Other contacts between farms guestionnaire to
farmers (SVA)

From measured contacts to probability of contact
Spread: Modeling disease specifics

Route planning of animal transpagteffect on contacts and
movement distance.

Production units: composition and configuration

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
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