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BACKEGURG

BSE risk mitigation

prevent specific nskimaterals; frem enternng
the feed chain

restrict Impert of feed withr BSE risk
safe processing off foed
detect BSE befere heel enters foed chain

femoVve SPEeCIfic sk materals firam animal feead
restrict Impert of cattle with BSE risk

pan meat-and-hene-meal for ruminants
destrey BSE infected hovines

BSE surveillance i cattie



BACKIGURG

BSE IS a slew! disease
s BSE cases reflect expesure In the past

5 animals inrearly inculkation phase cannot e
diagnosed

Incubation period
Diagnostic latency

—————— 1

Birth Clinical signs



BACKEGURG

BSE survelllance in the EU

all fallen steck (ES) =24 months

all-emergency slaughtered (ES) cattler =24
Mentns

all-laealithy slaughters; (IHS) =1 (24) SOrmentns

all clinical stispects (€S) = 24 montias
EU Regulatien Ne. 99972001

Distrbution of BSE tests (EU, 2002)



BACKEGURG

Testing for BSE Isiexpensive
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Nurnioer of Darlisrl BSE casas 0Y girin coror
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Ol ECUIVES

lje developr a statistical approeach sultakle for

decumenting freedom from BSE, stratified for birth
CONOrLs, WhICh

a willlaceount for the longitudinal data flew frem| distinct
survelllance stieams

x allewadaptive up-scaling and dewn:=scaling ofithe
sampling coverage and optimal allecation of testing
[ESOUrCES to) birth cohorts hased! on prior sk estimates

= contribute tora critical review: of the current zere
prevalence: policy for BSE surveillance
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|elerzl gf Projeei

pIrth ceherts e animals (I different surveillance
strieams) ane moenitered fier eecurence ofi BSE

I particular, prevalence Is small, potentially
CONOIL IS disease-firee

I CoRUESH G ESHIERENPEVAIERCE; tIISI PO ECt
Wants te' answWer the guestion:

Wiheni can a partichiar conent
considered o) e CISEase fiee?
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Basic HrJrJrJoJr\ o) f

Interest Is In a prevalence parameter
and associated null hypothesis

Hy: 7z =0
(Implying, birth cohort Is disease-free)



animals are tested
In discrete calendar or sequential time

Y, result of testing animal t
(y, =1test positive, y, =0 test negative):

H,: Y, =0forall timest=12,3,...
clearly, Pr(Y, >0|H,) =0, for all times t
In other words, there IS



Y,,Y,,Y,... series of BSE-tests:
for testing positive:

Pr(T =t|7z)=x(1-7)"

has

T sequence of tests probability
1 1 T

2 01 (1-7)x

3 001 1-7)°rx

4 0001 1-7)°r



since
Pr(T >0|7z) =) n(l-x)" =1
t=1

unless 7 =0, there exists
such that
Pr(O<T <s|xz)=1-p
for given arbitrary small 5 >0



Instead of waiting for all times (T = o)
to conclude with 7 =0,
we walt until time s < oo such that

Pr(O<T <s|x)= iﬂ'(l—ﬂ')t_l =1-p

to , hecessarily.



NOW,
Pr(O<T <s|x)= Zﬂ'(l—ﬂ')t_l =1-(1—-n)
t=1

and equating
1-1-7) =1-p
leads to



Jelgel g Prajdeis Sielifies)

-7y =p

from where the stopping time s

IS deduced
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EHENMIER/ARESUILS

project will focus on

p(r)=1-(1-7x)



RESUIENIBWEINIURCHBRNS
MENGLERNENNCKEESING

T, S 7T,

= (7)) < p(7,)



VIORGLERICINACIFPEWEIN UGG




MPEIENFCORSECUENCE
since true prevalence 7 1s unknown,
only minimum detectable prevalence

needs to be
specified: it follows

o(7y) < o(r)



FOVEINISICISONTICHBLONENHIIE
WAlNERUIIESS

p(S)=1-(1-r)°

(now as function of s)



POWEIRASHURCHERIGIWAIHREINE
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1/1000 .
&

|
300
s (in units of 100 animals)







WiESISRIENVAIUERUIMERS O
IECICIINIBVEINOI

1-8=1-(1-7) ?
from where the stopping time solution

IS found



Welete I iiale Welliinle) e S e
EECIINPOWEIR G

[Design POWE=0,99 POWE=0,090
prevalence: 1 in
1000 4603 61°)0)!
110J0)0]0) 46049 69074
(110/0]00)0) 460515 690772

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

2001
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WilcHNpOWEIRIEVENVENECCHET

Ven YWeltale) fae s 7

(S

power =
p(r)=1-(1-7)



WilgiseoVWEINSHEECHEC N TIVENR
Welltlplef ilpne 5 7

[Design =1000¢ 5=1100000
prevalence: 1 in
1000 0.999955 (1140]0/0]00)
110J0)0]0)x 0.632139 0.99995
(110/0]0J0)0) 0.095163 0.65212

* EC: Opinion in requirements for BSE/TSE Surveys, 2001
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SitiationtnRrPDER AKX

SE Datanase: public register fior BSE-
testing

s Controlled vy the Danishl Veternnary and Feoad
Administration

s Development, service and maintenance dene
By private: company.

» Information on' alll animals tested for BSE
since 04-Jan-2004:
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SitationinrDERRIaK

Erom ISE Datalhase the fellowing varanles
Were made available el preject:

x Animal ldentification NUumiber

s Age (at deati)

s Birth- and death-date

s Cause: off supmissien like: clinical suspect,
emergency; slaughter, healthy: slaughter,...

n Resuli el BSEtesting (55/=)
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SitbatieRtmrPenmarkEldentfcatieon

of Positive Cases

Dotplot of Birth-Date of Cases

1993 19:3'4 1'5"?5 19:5"5 19'?'? 19?5 19:5"5‘ EDI.:ID ED!:ll EDI.:IE ED!:E 2004
&
L
. . Last Case (March 1999)
& : : : & & & ‘/
1993 | 19:34 | 19';'5 | 19:5"5 | 19:5'? | 19:5'5 | 19:5"5' | E|:||I:||:| | ED;:II | EE"I:E | ED;:E | 2004

Birth-Date Disease-free Cohort



STttationinrDERRIaK

Rows: BIRTHMONTH Columns: BIRTHYEAR

OO ~NOOUIPSAWNEPE

1999

0

0

0
17012
14821
12748
14380
14285
13397
12441
11660
11654

2000 2001 2002

11154
11235
13852
11285
9766
8292
9131
9078
8342
8112
7236
6781

122398 114264

5936 988
5636 692
6808 356
6016 152
4744 /6
3745 21
3732 11
3167 3
2646 0
2212 0
1791 0
1348 0
47781 2299

All

18078
17563
21016
34465
29407
24806
217254
26533
24385
22765
20687
19783

286742
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SIUUEHERNANDERIMEIKE ECHIEVED
POWERGIVERNVAIRNCNIINENS=Z5 6742

Prevalence POWEN Prevalence POWEN
11n 1n
110)0)0)0) 1110)0)0)0) 610]0]0]0) 0.9916
20]0]0]0) 1110)0)0)0) 7£0]0]0]0) 0,984
210]0J0)0) 0.99069 30000 0),. Y722
2100)0]0) 0).99Y7 90000 0,957
510]0J0)0) 0).996/8 110)0)0]0]0) 0), Y457

* EC: Opinion in requirements for BSE/TSE Surveys, 2001 -
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NOREPENECIIEIEAENOSHERESNG
Test positive/negative Is not equivalent to
presence/absence of disease:

since
=Pr(T+|D)Pr(D)+Pr(T+|ND)Pr(ND)
=ar+(1-0)1—-rn)
and, If every healthy cattle is correctly diagnosed
<

where « Is the test sensitivity

)



NORFPERECHEIEUROSHENESHNG
T waiting time for first animal
testing positive: - as before -

PrO<T <s|z,a>0)=> (1-7,)"'x,
t=1

=1-(1-7.) =
also, Pr(T >s|z,a > 0)
=1-Pr(0<T <s|7m,a>0)=0A-ar)’



NOREPERECHEIEUROSHENESHNG

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

«, sensitivity for age group a
T, waiting time for first animal
testing positive In age group a



NORERERNECINEIEGNOSUCRESHINE

suppose the trial has at some given time
frequencies s,...,S, Inage group 1,..., A

Pr(there Is a waiting time T, s.t. T, <s_)
=1-Pr(T, >s, for all age groups a | «,, 7)



NepHoerisget oflzlefrlggiie igsiliple):
ST U ERNANDERITENK

ACENEleUP EEGUERCYASS SENSIUVIYACH
3 113197 0.0469
4 11119439 0.2818
5 50888 0.5918
6 3218 0.8048
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SittialieRNRINDERRIEHE EChIEVE
POVWEINNCOIBIAUIIGNSERSIVILY,

Prevalence POWEN Prevalence POWEN
11n 1n
110)0)0)0) 0,997 610]0]0]0) 0). 697~
20]0]0]0) 0). Y127 7£0]0]0]0) 0).62.0)S
30000 0). 9088 30000 0. 5908
2100)0]0) 0). &S558 90000 0). 5249 0)
510100]0) 0). 765 10)0)0]0]0) 0) 5L

* EC: Opinion in requirements for BSE/TSE Surveys, 2001 -
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Fafelsan) gzl BYIY:

XEXP| —

where y,,7,, 7, are unknown parameters
and c 1s a normalizing constant



s & zlf, LY

gl
(2
—
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—

V1,7, V4 are replaced by their MLEsS:

y, =1.146, y, =0.024,7, =5.71 x107*,
and ¢ =1.1350



NOREPERNECIIEIEATNOSHECRESNG

with these values the likelihood for

j T (a')da'

a

the likelihood for

Za: jaaﬂ f(a')da'
a=2

giving



NOR-PEHECH IEERESHEESHRG

AYE

* £ anda S SENSIUVIbY G

Group ja_l (a’)da aZ:; ja_lf(a')da'
3 0.0469 0.0469
4 0.2549 0.2616
5 0.3100 0.5916
6 0.2130 0.8048
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RCEIPLIRUNENICIEICCERNEINE
IMpPeGARNRCoVaaIESHIENaICE SHEZn)

Rows: Surveillance Stream Columns: Age-Years

3 4 ) 6 All
HS 90511 107692 46161 3029 247393
Risk 22686 11747 4727 189 39349
All 113197 119439 50888 3218 286742
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NCENPONAURNONIELEGUEREILY
let s.. the frequency of animals in

age group a and covariate combination r,

also, let 7. denote the design prevalence
In covariate combination r



NcEIgeIIRciGEINAIC JOUIME

;POWGT 1— HH(l Q7T )"

r=1a=1

e



SittiaeINRFPERMAIRE ACHIEVEU PBWWEY:
plcaraarziiinie) stirveEllleiges sifeeing

Prevalence: 1 ROVWEN POVWEINIOL
In HS AdjUsting for S5 20 |USURENEIFSS
10000 50000 0),99YY2
2]0]0]0]0) 0,99yl 0,90
510/0J0)0 0,958 07615
010100 0,922 0I59118
10)0]0J0)0) OLBY86 03551417

Ratio for prevalence in risk group to healthy slaughter was estimated
conservatively as 20 56




Discussion

Statistical moedell (Independence,
NeMGYEREILY)

Cheice ofi statistical pewer
[Design! prevalence
SEnSItVity

Sl



Thank you!
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