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BackgroundBackground
BSE risk mitigationBSE risk mitigation

prevent specific risk materials from entering prevent specific risk materials from entering 
the food chainthe food chain
restrict import of food with BSE riskrestrict import of food with BSE risk
safe processing of foodsafe processing of food
detect BSE before beef enters food chaindetect BSE before beef enters food chain

remove specific risk materials from animal feedremove specific risk materials from animal feed
restrict import of cattle with BSE riskrestrict import of cattle with BSE risk
ban meatban meat--andand--bonebone--meal for ruminantsmeal for ruminants
destroy BSE infected bovinesdestroy BSE infected bovines
BSE surveillance in cattleBSE surveillance in cattle
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BackgroundBackground
BSE is a slow diseaseBSE is a slow disease

BSE cases reflect exposure in the pastBSE cases reflect exposure in the past
animals in early incubation phase cannot be animals in early incubation phase cannot be 
diagnoseddiagnosed

Birth Clinical signs

Exposure & susceptibility Detectable

Incubation period

Diagnostic latency
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BackgroundBackground
BSE surveillance in the EUBSE surveillance in the EU

all fallen stock (FS) >24 monthsall fallen stock (FS) >24 months
all emergency slaughtered (ES) cattle >24 all emergency slaughtered (ES) cattle >24 
monthsmonths
all healthy slaughters (HS) > (24) 30 monthsall healthy slaughters (HS) > (24) 30 months
all clinical suspects (CS) > 24 monthsall clinical suspects (CS) > 24 months

EU Regulation No. 999/2001EU Regulation No. 999/2001

Distribution of BSE tests (EU, 2002)Distribution of BSE tests (EU, 2002)
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BackgroundBackground
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BackgroundBackground
Number of Danish BSE cases by birth cohort Number of Danish BSE cases by birth cohort 
(month)(month)

Data source: Data source: 
http://www.dfvf.dk/Default.asp?ID=9827http://www.dfvf.dk/Default.asp?ID=9827
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ObjectivesObjectives

To develop a statistical approach suitable for To develop a statistical approach suitable for 
documenting freedom from BSE, stratified for birth documenting freedom from BSE, stratified for birth 
cohorts, which  cohorts, which  

will account for the longitudinal data flow from distinct will account for the longitudinal data flow from distinct 
surveillance streamssurveillance streams
allow adaptive upallow adaptive up--scaling and downscaling and down--scaling of the scaling of the 
sampling coverage and optimal allocation of testing sampling coverage and optimal allocation of testing 
resources to birth cohorts based on prior risk estimatesresources to birth cohorts based on prior risk estimates
contribute to a critical review of the current zero contribute to a critical review of the current zero 
prevalence policy for BSE surveillanceprevalence policy for BSE surveillance
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IdeaIdea of Projectof Project
birthbirth cohortscohorts of of animalsanimals (in different (in different surveillancesurveillance
streamsstreams) ) areare monitoredmonitored forfor occurenceoccurence of BSEof BSE
in in particularparticular, , prevalenceprevalence isis smallsmall, , potentiallypotentially
cohortcohort isis diseasedisease--freefree
in in contrastcontrast to to estimatingestimating prevalenceprevalence, , thisthis projectproject
wantswants to to answeranswer thethe questionquestion::

WhenWhen cancan a a particularparticular cohortcohort
consideredconsidered to to bebe diseasedisease freefree??
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IdeaIdea of Projectof Project
Basic Basic PrinciplePrinciple of of thethe SequentialSequential TrialTrial

π

interest is in a prevalence parameter π

0

and associated null hypothesis
                        :
(implying, birth cohort is disease-free)

H π = 0
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π
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 result of testing animal  
( 1 test positive, 0 test negative) :
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, , ... series of  BSE-tests:
for  testing positive: 
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1

1

instead of waiting for all times ( )
to conclude with 0,
we wait until time  such that

 Pr(0 | )
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1
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now,
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           (1
from where the stopping time 
           

is deduced

s

s
π β− ) =

log( )
log(1 )

s β
π

=
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IdeaIdea of Project: Solutionof Project: Solution
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PreliminaryPreliminary ResultsResults

power functi
project will focus on 

        

        

on:

(1 sϕ π π( ) =1− − )
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ResultResult: : powerpower functionfunction isis
monotone monotone increasingincreasing

1 2

1 2
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⇒ ( ) ≤ ( )
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MonotonicityMonotonicity of of powerpower functionfunction

π

ϕ
(π
)

0.050.040.030.020.010.00

1.0

0.8

0.6

0.4

0.2

0.0

s=100
s=500

s=1000



2323

ImportantImportant consequenceconsequence

(design preva

since true pr

lence)  

evalence  is unknown,
only minimum detectable prevalence
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Power Power isis also monotone in also monotone in thethe
waitingwaiting time stime s

        

(now as function of )    
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Power as function of waiting timePower as function of waiting time

s (in units of 100 animals)
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1 1 (1 )sβ π− = − −
? ?

?

TwoTwo QuestionsQuestions
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           1 1 (1
from where the stopping time solution
           

is found

  ?sβ π− = − − )

log( )
log(1 )

s β
π

=
−

What is the waiting time What is the waiting time s  s  to to 
reach power of reach power of ……
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What is the waiting time What is the waiting time ss to to 
reach power of reach power of ……

690772690772460515460515100000* 100000* 

6907469074460494604910000*10000*

690469044603460310001000

Power=0.999Power=0.999Power=0.99Power=0.99Design Design 
prevalence: 1 in prevalence: 1 in 

* EC: Opinion in requirements for BSE/TSE Surveys, 2001
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          power =

) 1 (1 sϕ π π( = − − )

Which power have we reached Which power have we reached 
givengiven waiting time waiting time ss ??
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What power is reached given What power is reached given 
waiting time waiting time ss ??

0.632120.632120.0951630.095163100000* 100000* 

0.999950.999950.6321390.63213910000*10000*

1.000001.000000.9999550.99995510001000

ss=100000=100000ss=10000=10000Design Design 
prevalence: 1 in prevalence: 1 in 

* EC: Opinion in requirements for BSE/TSE Surveys, 2001
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Situation in Situation in DenmarkDenmark

TSE Database: TSE Database: publicpublic registerregister forfor BSEBSE--
testingtesting

ControlledControlled byby thethe DanishDanish VeterinaryVeterinary and Food and Food 
AdministrationAdministration
DevelopmentDevelopment, , serviceservice and and maintenancemaintenance donedone
byby private private companycompany
Information on all Information on all animalsanimals testedtested forfor BSE BSE 
sincesince 0101--JanJan--20012001
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Situation in Situation in DenmarkDenmark

FromFrom TSE Database TSE Database thethe followingfollowing variables variables 
werewere mademade availableavailable forfor projectproject::

AnimalAnimal IdentificationIdentification NumberNumber
Age (at Age (at deathdeath))
BirthBirth-- and and deathdeath--datedate
Cause of Cause of submissionsubmission likelike clinicalclinical suspectsuspect, , 
emergencyemergency slaughterslaughter, , healthyhealthy slaughterslaughter,,……
ResultResult of of BSEBSE--testingtesting (+/(+/--))
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Situation in Situation in DenmarkDenmark: : IdentificationIdentification
of Positive of Positive CasesCases

Disease-free Cohort
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Situation in Situation in DenmarkDenmark
Rows: BIRTHMONTH Columns: BIRTHYEAR

1999        2000  2001   2002         All

1 0 11154   5936     988     18078
2 0 11235   5636     692     17563
3 0 13852   6808     356     21016
4 17012     11285   6016     152     34465
5 14821       9766   4744      76      29407
6 12748       8292   3745      21      24806
7 14380       9131   3732      11      27254
8 14285       9078   3167        3      26533
9 13397       8342   2646        0 24385
10 12441       8112   2212        0 22765
11 11660       7236   1791        0 20687
12 11654       6781   1348        0 19783

All 122398   114264  47781  2299    286742
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Situation in Denmark: achieved Situation in Denmark: achieved 
power given waiting time power given waiting time s=286742s=286742

0.95870.958790000900000.99920.99924000040000

0.97220.972280000800000.99990.99993000030000

0.99680.9968

1.00001.0000

1.00001.0000

PowerPower

0.94320.9432100000 100000 50000 50000 

0.98340.983470000700002000020000

0.99160.9916600006000010000*10000*

PowerPowerPrevalence Prevalence 
1 in 1 in 

Prevalence Prevalence 
1 in 1 in 

* EC: Opinion in requirements for BSE/TSE Surveys, 2001
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NonNon--perfect diagnostic testing perfect diagnostic testing 
π

=Pr (Test positive) <

Test positive/negative is not equivalent to 
presence/absence of disease:
      
since  

Pr( | ) Pr( ) Pr( | ) Pr( )
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π

to be realistic: sensitivity will have to
depend on age group:

 sensitivity for age group 
 waiting time for first animal

    testing positive in age group 
 

a

a

a
T

a

α

NonNon--perfect diagnostic testingperfect diagnostic testing
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π

1

                 Power at this time?

suppose the trial has at some given time
frequencies ,...,  in age group 1,...,

Pr(there is a waiting time  s.t.  )
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NonNon--perfect diagnostic testing:perfect diagnostic testing:
Situation in Situation in DenmarkDenmark

0.80480.80483218321866

0.59180.5918508885088855

0.28180.281811943911943944

0.04690.046911319711319733

SensitivitySensitivity ααaaFrequencyFrequency ssaaAge GroupAge Group
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Situation in Denmark: achieved Situation in Denmark: achieved 
power incorporating sensitivitypower incorporating sensitivity

0.54900.549090000900000.83330.83334000040000

0.59180.591880000800000.90830.90833000030000

0.76150.7615

0.97220.9722

0.99920.9992

PowerPower

0.51170.5117100000 100000 50000 50000 

0.64080.640870000700002000020000

0.69720.6972600006000010000*10000*

PowerPowerPrevalence Prevalence 
1 in 1 in 

Prevalence Prevalence 
1 in 1 in 

* EC: Opinion in requirements for BSE/TSE Surveys, 2001
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SpecificSpecific valuesvalues forfor sensitivitysensitivity??
UseUse paperpaper byby Ferguson Ferguson et al. et al. 
1997 Phil Trans R 1997 Phil Trans R SocSoc LondLond
InIn--depthdepth investigationinvestigation of of 
incubationincubation time time modelsmodels
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Ferguson Ferguson et al. et al. 1997:1997:

π

/

1 2 3

exp( / )1( )

exp( / )            exp

where , ,  are unknown parameters
and  is a normalizing constant
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γ γ
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Ferguson Ferguson et al. et al. 1997:1997:

π

1 2 3

4
2 3

 , ,  are replaced by their MLEs:

1.146,  0.024, 5.71 10 ,

and 1.1350c

γ γ γ

γ γ γ −
1 = = = ×

=
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NonNon--perfect diagnostic testingperfect diagnostic testing

π

1

2

with these values the likelihood for 
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NonNon--perfect diagnostic testingperfect diagnostic testing

0.80480.80480.21300.213066

0.59180.59180.31000.310055

0.28180.28180.23490.234944

0.04690.04690.04690.046933
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GroupGroup 1
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... rising questions of appropriateness  of ... rising questions of appropriateness  of 
these values of sensitivity ...these values of sensitivity ...
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IncorporatingIncorporating heterogeneityheterogeneity: : 
importantimportant covariatecovariate: : surveillancesurveillance streamstream

Rows: Surveillance Stream Columns: Age-Years

3           4          5          6          All
HS 90511  107692  46161  3029 247393
Risk 22686   11747    4727    189      39349
All 113197 119439   50888  3218    286742
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Incorporating heterogeneityIncorporating heterogeneity

π

let  the frequency of animals in
age group  and covariate combination ,

also, let  denote the design prevalence
in covariate combination 
           

ar

r

s
a r

r
π
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... after an algebraic journey ... ... after an algebraic journey ... 

1 1
1 (1 ar

R A
s

a r
r a

Power α π
= =

= −∏∏ − )
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Situation in Denmark: achieved power Situation in Denmark: achieved power 
incorporating surveillance streamincorporating surveillance stream

0.59180.59180.92830.92838000080000

0.76150.76150.98530.98535000050000

0.87860.8786

0.99910.9991

1.00001.0000

PowerPower
adjusting for SSadjusting for SS

0.51170.5117100000 100000 

0.90830.90833000030000

0.99920.99921000010000

Power not Power not 
adjusting for SSadjusting for SS

Prevalence 1 Prevalence 1 
in HSin HS

Ratio for prevalence in risk group to healthy slaughter was estimated
conservatively as 20



5555

Project Group

DFVF
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Thank you!


