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Viedellingl Effect="anea Nuisance
Parameter it Molt=FCenter Studies

Wpical Setting: Treatment-' and Contrel Arm

For treatment arm: T o mhar of events

P' person-time

A" event rate

XC PC AC

Eor controll arm:




Medellingl Effect in Mult=-Center

Studiess Asypical Example
EroadfyviEicie Usa gf Liclgcelife sifief Flezif s
Airizicic AL Gitar Neofprizteie 99)

Center Treatment Control ‘

events  person- events person- RR
T time _ 1 XC timePC

g ¥ i . (95% CI)
39 1 43 2.21 (0.21-23.4)
44 44 1.00 (0.27-3.75)
1.54 (0.45-5.31)
1.36 (0.45-4.14)
2.25 (0.60-8.47)
2.61 (0.85-8.01)




Viedellingl Efectin Viult=Center
studies: Typical Issues

Combination of Information
ValidfCombinatien: Honmoegeneity: or

IHeteregeneity

Moedelling of [Heteregeneity.
s Observed Heterogeneity: covarnates
» Unebsenved Heteregenelty: mixtures




Viedellingl Effect="anea Nuisance
Parameter it Molt=FCenter Studies

parameter off Interest:
risk ratio: @ =1" I A°
AUISANCe parameter:
A% event rate in control arm

poisson log-likelihood (for one center):
-A'P" +x " log(A"P") -A°P® +x° log(A°P*)




Viedellingl Effect="anea Nuisance
Parameter it Molt=FCenter Studies

AP +x" log(A'P") -A1°P® +x" log(1°P%)
becomes using 02t

[A° or A" =61°

-0A°P" +x" log(@A°P") -A°P® +x" log(A“P%)




KEeeping| the: parameter of Interest
lixed ane maximiZing e e
RUISERCENPIEINELEIE:

RO % 2 AR
Ay 7
P~ +6P

replacing A% by its estimate 7

01 P +x" log(04 PT) - 1 PC+xClog(i PC)




|eads) te) the! beauitl simple
PlrefileCegHikelliieed "

x' log(8) - (x' +x%)log(P® +6P")

... building the profile over all centers:

> X log(®) - (' +x°)log(RE +6,P)




AGVaRIZGES

AUISance parameter eliminatead
Profile Iikelihood IS simple (1IN this case):

Zx log(@) - (x' +x)log(P* +6P")

beneﬁual et enly for effect structures, Ut alsoe: for
covariance: structures (Simplification; of: EIsher
Ifermatien)




Preblems Ioeked at: NeMeEEROUS CaSE

6. =0 for all centers 1 =1,...,k:

> X 10g(6) - (X +x)log(PC +6RT)

=1
Score equation for profile MLE gives:

k y A
DX o wi(6)
g e =

N\

v,

il iz Wi(g): AL
2% N W () A
1=1




Prehlems lepked at: NemMeFgEeneUs
GISE

o2 L e
0= . W, (0) = c

3w @ 0

Clese connection te Mantel-IHaenszel:
s arms balanced then: PMLE = MH

» Non-sparsity: PVILE ana MEFclose

a Sparsity: PMLE more efficient
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Viedelling Effect-IHetereogeneity imrvitio=
Center Studies:
Uplo)ejsapy/elel pletefojefeinlelny

Allewing e Unekserved heterogenelty leads to
mixtures of profile log-likelinoeds

Ylog[ [0 (R +0RT)1 ] Qo)

Where mixing distiHpuien: can be parametric

0f non—parametric

s stroeng| results on NPMLE pessible using convex theory.
a estimation with EM o glehallascent algerithms




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies:

URBRSEREa S EICOEEREIL,

Comparisen Withretherr appraechies; such: as

a approximating nemmal (preblem: Uuse empircal
estimate of thnalfvamnance)

> log | #( (z ~log6)/a;) Q(d log )

where z, obs. log-rate ratio and o} =1/x/ +1/%’

x multi-level approeachi (ala Murray Altkin)

> log [ [exp(-02°R )J@ART)Y exp(-A°RE) (AR ] Q(dA°)




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies: Observed
rleiefoejenleiny/~CoVelifieiie i fEiion

Ofiten additenal tral infermatien: IS  availanie: s.a.
study: date; treatment medifications, patient
characteristics

SUppPEeSsE Infermation s captured in a covariate
\/ECLOr

z. for centeri: (GLM-type formulation)
Hi > exp(ﬂo +ﬁlzi)




Viedelling Effect-IHetereogeneity imrvitio=
Center Studies: Observed
rleiefoejenleiny/~CoVelifieiie i fEiion

Log-likelihend PECOmES

k
2 % 1096, = (%' +x7)log(R" +6,R") using 6=exp(5, + 'z
=

X (B +B2) ~ (X +X)logIPE +exp(f, + 2P ]

Streng results possihle:

s Hessian hasi simple structure

a Hesslan has lewer beund: (lower bound algerthm pessikle)
a Guaranteed convergence to VILE
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Capiure-Recapture: Procedures hased
ColRRG PIStHpUIeRS

Basic objective off CR:
estimate population size: s
I particularr of Interest in ﬁ:

areas Wwhere: direct o
counting Is difficult such as;

s a wildlife pepulation
(historic genesis)

= hew many peeple drive a
car witheui license?

= fIGW many. practicing P
physicians are alcohol dep.? y/

= hew may cases of a disease ‘} Ui T
remain undetected? o v.m‘ N O e

Adjustment for undercount




Chapmm  WRat
HuaHinm  * WRayong
. | Koh Samet o
' Koh Chang ®

Gulf of Thailand

« Koh Phangan
*Koh Samu

tl- \ I':.-. h..

? ’\L v Thani
Phukelmﬁﬁ
Andaman L‘.

Sea =N
*

Koh Turatao 7
Malaysia




Capiure-Recapture: Procedures hased
ColRRG PIStHpUIeRS

Basic objective off CR:
estimate population size: s
I particularr of Interest in ﬁ:

areas Wwhere: direct o
counting Is difficult such as;

s a wildlife pepulation
(historic genesis)

= hew many peeple drive a
car witheui license?

= fIGW many. practicing P
physicians are alcohol dep.? y/

= hew may cases of a disease ‘} Ui T
remain undetected? o v.m‘ N O e

Adjustment for undercount




HeW many. cases /. In &
cJojoLllziile)r)?
Seme mechanism Identifies /7. cases

D) prebanility: off veing net identiiied oy
the mechanism
TThen:
N=Np, + (1-py) N
= Unohserved + ohsernved cases
~ NPy #1

= L et

= Nn/(1-p,)

(Hoemwitz- Thempsen)




HeIVIZEIIeIMPSeREARPIOACH
SEEmS easy,, oui:...

IRclusion propanility’ eften UiRkneya
and censequently,

appreaches dilier il the way: they,
estimate: the Inclusion: prekanility,

OIF IRl OthEer Words;, hew: they.
model 7, &




PDEVelepments

Inclusion Probability ‘
to be modelled ,g
Modelling Multiway Modelling the
Contigency Table Counting Distribution

2 x 2 Table log-linear Simple Mixtures of
Independence Modelling Distributions Simple
Distributions

Lincoln-Petersen Poisson Binomial
Estimator




e Cotinting DIstrluien

... occurs when the mechanism can catch multiple
Identifications (s.a. police identifies and expells an
lllegal iImmigrant several times)

Count of Frequency of observed

identifications1 counts with |
identifications




Frequency

Distribution of Observed and Predicted Counts of Sources
for fictional data of multiple identifications

1000

900
800
700
600

Blue = fitted under model
Red = observed

500
400
300
200

100
0

0 1 2 3 4 5 6 7
Number of Idenfications




The Counting Distrlkubion: A
RISIEHC EXample

McKendricks™s cholera data

Village i lndia haa
NeUSEnolds wWithrcholera
CASEs /1,=52, ,=16; 1,=0,
n,=1

McKenadrick ignered the
NOUSES WIth NOo Cases

Constructed an estimate
(moment) vased upoen a
PoISson assumption for the
counts

ﬁ\ House affected, /m cases




Fhe counting distibUtien: &
ECEn ExXampleNiomISCiecning

Lloyal & Eremmer
(2004, Applied
Statistics) Screening
eI heWEll cancer

38,000 men screened
I Sidney’ at 6
CONsecutive days by
means oii Self=tesing
for bloed I stoeols

3,000 tested positively: at
least once and cancer
status evaluatead

196, Were: confirmed
positive te have: hewel
Camncer

IHOW, many: ol 35,000
URceniirmEd negative
nave howel cancer?




e colnting distiputien: a recent
ExaImpIEIGmMISCEcning

o0+ [ confirmed
firequency /7, off those = 45. positive

testedi negativerat all 40-
6 times with bewel ? 35 |

CanCcer Is unknewn Q 301

an estimate. oft /7, o 25
mIght e construcied = 20-
fifem the distrbution 15-
[y My g 107

of counts g'

O 1 2 3 4 5 6
Count tested positive




Simple Distipiitienal CotntVeaels
Poisson (for unobservable counts)
f(y,0) =e’9’/y!,y=012..
truncated Poisson (for observable counts)
1

f(y,0) 4 e 0’ Iyl y=12..

Predicted Probability of a Zero:
Po = f(y,0) = e’




Simple Distibutienal Count Viodels

after @ Is identified ...
... probability of a zero count:

p, = f(y=0,0) = e

Y7
1-p, 1-e”°

— N =




VE=EStimation In’ Zere-lirtncateo
PoeIssen Viedels

Step 1: suppose ﬁ would be available

— = |n
n+n

0

/\

Step 2: suppose & would be available




ENEAIGeHbLRI

Step 1 (M-Step): suppose ﬁo would be available




VE=EStimation In’ Zere-lirtncateo
cotntMeaels

general count distribution
f(y,0),y=0,12,..

assocC. zero-truncated distribution

1
1 1(0.0) f(y,0),y=12,..




ENEAIGeHbLRI

Step 1 (M-Step): suppose ﬁo IS given:.
6 = MLE, based upon nAO n,n,,..
Step 2 (E-Step): suppose 0 is given:
f (0,0)

. Po
E(n,|&;n,Nn,,...)=n = =
i 1-p, 1-1(0,0)




Moere fiexisle and renust
APPIE2CHFRIEUG R MILUIES

Simple: counting seurces, distrhutiens stch
as Binemialland Poeissen reguire
assumptiens sUch as hemoegeneity: of
identification: prokanilities thatare seldem
met I reality;

allewing the identrfication prekalility te
Vany Inrunehsened: sub-populaticons willkve
moere realistic




e mixtlre approachiin a nutshael

mixture density
f(y,0) =1(y,4)q+... + T(y,4)q,

f (y,A) Is component density
(Example: f(y,A)=e"AY/y! )

0 = (ﬂj Zk] is mixing distribution
Gi - O




Nested EM-Algertam
Step 1 (M-Step): suppose ﬁo IS given:.

A\

¢ = MLE of mixing distribution 8 =

provided by EM algorithm for mixtures

Step 2 (E-Step): suppose 0 is given:

ﬁo = E(n, |§’;nl,n2,...) =N

Vo

* f (0,6) i e +...+0,.e "
1-£(0,0) 1-(qe ™ +..4q.e ™)




gcUITY

Ministry. oHBublic | H‘e

" collects routinely, data o)
use via the ONCBron drug
users visiting treatment

- [nstitutions

|

In a pilot study (Bo -

Busaba, Chukiat et al. 2004
_EUJE) CR-Poisson m|xt req
\Model applied td [data fi om! /

20[0)2 (Iast quarter) |

Major emphasis; on heroin and
metamphetamin. users

hnlng




Application: suivelllance study en

diitigruse iRtailiand
3000 1,

Count distrlbution
(Counting nUMEr of 2500

A - L1 Heroin
VISItS)) ol MErein; USers 20001

n = 7,048 observed 15007
erein; users (2004, 4) 1000+

2001

O
o 9 13 17

Number of visits




Counting contacts te treatnent
RstittitensS e URCEMMON

Previeus moedelling dene: primarily: by,

practitieoners With puklications; in

Addiction, Addiction; Research & Theony, Journal of
Drug Issues, Jourmnall eff Quantitative Cirminelogy,

Moedelling uses primaiily: simplerPoissen

simple ter understand, torapply andiuse, and te
communicate

NGWEVEL: ofiten net apprepriate

petter: semi-parametrc Mmoedels for counts
suchi as Poisson mixtures




Some results

1=, 048 (ggs2ryea))

N=17,2/8

N=pl=180), 280 (rilclel=y] )
RO |

BSENEU/NICEERE06S

Estimating the Number of Heroin

Users:

g;

log-likelih.

AIC  BIC

1 275

1,00

-15462

-30927  -30934

7543

2 0,88
9,40

0,75
0,25

-13214

-26434  -26455

10226

3 041
2,97
6,80

0,69
0,22
0,09

-13134

-26279  -26313

13350

4 021
2,13
5,84

0,70
0,19
0,10

12,20 0,01

-13120

-26255 -26303

17278

AIC = 2 x log-likelihood — (2k — 1)2
BIC = 2 x log-likelihood — (2k — 1) log(n)



frequency (log-scale)

Pllet sttdy for Bangkek; 2004 (4)

count distributions of treatment episodes for heroin users

1000,00

100,00

10,00

1,00

0,10

(0,01

(0,00

(empirical = black; simple Foisson = red; Poisson mixture = blue)

r— 11 1 1 1 1T T T T T T T T 1
1T 2 3 4 &6 7 8 8 10 11 12 13 14 15

count of treatment episodes



take
ziplojinlel
10)0) ¢

Estimating the Number of Heroin

Users:

g;

log-likelih.

AIC  BIC

1 275

1,00

-15462

-30927  -30934

7943

2 0,88
9,40

0,75
0,25

-13214

-26434  -26455

10226

3 041
2,97
6,80

0,69
0,22
0,09

-13134

-26279  -26313

13350

4 021
2,13
5,84

0,70
0,19
0,10

12,20 0,01

-13120

-26255 -26303

17278

AIC = 2 x log-likelihood — (2k — 1)2
BIC = 2 x log-likelihood — (2k — 1) log(n)



PO USESE

d) JENSEN'S
INEGUZIILY,

19) ME2NN O}
eV IEE @i
UENTIXING
aIstikeUbeR
=isaimple
MEZNR

V. A Monotonicity Property
for the Population Size Esti-
mator

Result: Bohning and Schén (JRSS C'2004)

N MLE of population size w.r.t. a trun-
cated Poisson mixture with k components,
k=1,2,... Then:

Ny > Ny

likely, the more general statement is
also true:

Niy1 = Ni






Concluding Remarks

Open Problems and Research
Questions

e Standard errors and confidence inter-
vals

e Suitable modification of resampling tech-
niques

e Validation studies

e Comparison to other approaches (Pollock-
Norris or Zelterman)

® ... Mixtures of binomials




Ve eCeRt WoKK IR PErSPECLVE

truncated mixture of Poisson: distrbutions

or ...

mixture: off truncated: Poisson distralbutions




truncated Poisson mixture
(cltlzifrplo)el=lh

K

> q; Po(y,4,)

]=1
k

1-» q; Po(0,4,)

j=1




mixture of truncated Poissons
(PrmalNeeel)

Po(y, ;)

J1 Po(0, 4;)




Hustration: dual model (ring) and prirmal model (+)
Lse equal welgnts and cormponent means 1 and 4

o
(W
|

Mixture Density
o
|




truncated Poisson mixture
(Aualhmoedel)

¢lose 1o the originallprokiem, easy: te
Understand and te; communicate

But technical difficult, because: of non-
INEarby




mure of tilncated PoiSsons
(Primalimedel)

v~ POt

Y, 4;)

o '
; '1- Po(0,4;)

Iess close tor the ergina
UL convex: prebleny Wit

preklem
il streng results

avallapleron NPMLE ane
estimation

glokal ML




HewW: aierdualrand prmeal medel
felfeiicie]?

Behning and Kuhnert: (2005, JASA)
Both share the same: likelihood surfaces

MICES can be explicitly, transtermed 1nte
each ether

A/\

N=N




el




Help
protect
New Zealand.

Protect New Zealand
Tiaking Aotearoa
www.protectnz.org.nz

New Zealand's remoteness
and small population mean
that less than 10 percent of
the world's pests and
diseases exist here. The
future of New Zealand's
environment, economy and
way of life depends on
keeping these pests and
diseases out.

Our aguaculture, agriculture,
horticulture, farestry and
tourism, even our health
could be seriously affected
by the introduction of just one
new pest or disease.

So please read this guide
carefully. It is a quick
reference list of goods you
must not bring or must
declare when entering
New Zealand.

For details of certificates
needed and Import Health
Standard requirements
to be met before any
restricted item can be
brought into New Zealand,
contact MAF Quarantine
Service on 0800 222 009.
You can also visit
www.protectnz.org.nz

or www.maf.govt.nz

Don't be
caught

red
handed.

Your quick guide to items you
must not bring in to New Zealand.
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|dea O Preject

pIrti cCehertSsT eff animals (I different surveillance
streams) are monitered for ecculence o BSE

I particular, prevalence Is small; potentially
conort Is disease-firee

I CoRESE terestimanerpREVaIEREE; thIS Pre]ect
Wants e answer: the: guestion:

Wihen can a particular cohnolt
considered to be dISEase liee?




|dear e Project
BASICEIARCIPIE GIrtErSEqUenaiNNIz

Interest IS In a prevalence parameter

and associated null hypothesis
H,: 7 =0
(implying, birth cohort is disease-free)




sequential trial (ST): animals are tested
In discrete calendar or sequential time

Y, result of testing animal t
(y, =1 test 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 no type-I error




Y,,Y,,Y,... series of BSE-tests:
waliting time T for first animal testing positive:

Pr(T =t|z)=n(1-7)"
has geometric distribution

sequence of tests probability

T
1 1 T

2 (1-7)x
3 1-7)°r
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Rationale of the ST:
since

Pr(T >0|x) = Zﬂ'(l—ﬂ')t_l =1
t=1

unless 7 =0, there exists some positive time
waliting time s > 0 such that

Pr(O<T <s|z)=1-p
for given arbitrary small g >0




Rationale of the ST
Instead of waiting for all times (T = o)

to conclude with 7 =0,
we wait until time s < oo such that

Pr(O<T <s|x)= Zslﬂ(l—ﬂ)t_l =1-p4

to conclude with 7 =0, necessarily.




NOW,

Pr(0<T <s|x)= iﬂ(l—ﬂ)t_l =1-(1-7)

and equating
1-(1-x) =1-p
leads to

A~y =p




|dea e Preject: Seluiion

1-7) =

from where the stopping time S

__log(p)
log(1— 7)

IS deduced

S_




Preliminan/sResulis

project has focus on
power function:

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




Result: pewer functien IS
MERELIGRENRCHEZSING

=00

= (7)) < p(7,)




VIeReLeRICILY, Off PEWEN fURCLIeNR




IMpPoIANE CONSEGUENCE

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

(design prevalence) 7, needs to be

specified: it follows
o(7,) < o(7)




Power Is also monotone In the
WallINGRIITESS

power function

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

(now as function of s)
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Wihat s the walting time’ s e
E2CI POWEIR B

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

~_log(B)
log(1— 7)

S_

IS found




Wihaat Isithe walting| tine: s 1o
CECIIFPOWEIR B

Design
prevalence: 1 in
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PeWer=0,999
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* EC: Opinion in requirements for BSE/TSE Surveys, 2001




WhlchEpeWErRhaVeWereached
Wl ITENS .

power =

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




Wiais poWeR IS reached given
Welltlple) tiale S5 %

Design =10)0)0)¢) =1.000C
prevalence: 1 in

110/0)0) 0:999955 1:00000

110)0)010) 0.652139 0:99995

110)0)0]0) )z 0:095165 0.65212

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




Situation 1In Denmark

'SE Database: public register fer BSE-
testing

a Controlled by the Danish Veterinarny and Feoed
Administration

s Develepment, service andi maintenance: dene
By private: conmpany.

» Information on all animals tested for BSE
since 01-Jan-20041:




Sitvation: 1N Denmark

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

x Animal ldentification NUmioer
s Age (at deatn)
s Birth- and death-date

a Cause ofi sulmission like clinical suspect,
emergency: slaughter, healthy:slaughter,...

n Result ol BSE-testing (£/-)




Situation in Denmark: ldentification

of Positive Cases

Dotplot of Birth-Date of Cases
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Sitbation: Inr Denmark

Rows: BIRTHMONTH Columns: BIRTHYEAR

1
2
3
4
5
6
V4
38
9

1999

0

0

0
17012
14821
12748
14380
14285
13397
12441
11660
11654

2000

11154
11235
13852
11285
9766
8292
9131
9078
8342
8112
1236
6781

122398 114264

2001 2002

5936
5636
6808
6016
4744
3745
3732
3167
2646
2212
1791
1348

988
692
356
152
/6
21
11
3

47781 2299

All

18078
17563
21016
34465
29407
24806
21254
26533
24385
22765
20687
19783

286742




SittatienRiin Dermearks achieved
POWER gIVeRMWaIRGERIMEr S=Z66742

Prevalence POWWE Prevalence POWWE
1in 1in
1£0]0]0]0)« 130000 60000 0,9916

20)0]0)0) 170000 740)6]0)0) 0).9e54

100)0)0) 0).999 50000 0).IJ( 2%

210)0]0)0) 0.9997 <10)6]0)0) 0).9587

50)0]0)0) 0:9565 £110/0]0]0)0) 0:9462

* EC: Opinion in requirements for BSE/TSE Surveys, 2001
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Thank you!




