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%= ER (Diagnostic tests)
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™St (Scenario tree) 3ffirtes i » Sl EMIHT A
—e IHZH

no Susceptible
O species
exposed?

yes

Bird
Quarantined? T. | Norisc |

i

ke O Bird infected?
- — Ol
yes
Initial "e; Pet Birds
event exposed? s m
Importation :
of O Disease L © m
= present? no
commercial
pet birds
from
SR —o IRItm
no

]%‘ﬁt:’&ﬁfi ( Survey and sampling )
R (Population) — g gifT Bl 1?1?%4%@&«? PRI
FEADEAR - PECERS T RIRY R () - pfﬁﬁma#
HOEAE 7 5 b‘l’ﬁfi&’ﬁiﬂql J"xﬁduaﬁ 5 5k ﬁ;ﬁm«fﬁg
BERN AR 3 P URLEY R r{E*TIF\, A B LD S s
FRBLE MU 50 BRI [ S A PR (R G
95% » PRSI ¢
B ATHLERSFAEL(Simple random sampling ) = ¢ [ [ B CUESRE]
%Fﬁ%%~%TW@WO
B R (ETHD) ZRSFREL (Systemic random sampling) @ F = =
ﬁj PP (RS REGE (Bias) o [TUICEE A BEED 100 0 R S
(] 100 [tk 5 wARBE 3 REERSHSLL T B 32 T4 (717 -
27~ 37...) AVESERE
W) ehEASPREL (Stratified random sampling ) : ' {AEEF g [EH]] -
PRI ~ & % SR SR E S ST e o R .
B S U3A (B B (Cluster sampling) @ it/ s%— [ -
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B ZEHREL (Multistage sampling ) @ 58 |47 2 fsi{% U%@\ LU
73 E*LJF = le'lﬁTEVfi H ) é’lﬁﬁ (R

Stratified

Simple

Cluster Stages

Random selection in each group

1

O o %

Y HE IR ISR

bl 2 IVEREER R Te WPV LRE S (Precision) » H ELE VA A
BHR > v 2 TR TAROBERSRE  AORCR B T ﬁfd%[f“ [ KRR
o B PSS HUEHIBCE BRI = (W RIS R N TR o0 IR P
M ZESEIHA S 5 5 (Expected prevalence ) o qa*.' ! PSSR 7 S0 50%
> PRI TR DR S ﬁ"[ifﬁl

[

o
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Population 1,000,000
-1 0 0, - B
Precision (%) 3.0% Sample size to determine prevalence
Expected prev. 3.00%
Confidence
95% 99% 2000

sample size 125 216 /(AA’&H\A\L\\
10% 385 666 1500
15% 544 943 2
20% 683 1182 @

_.,.—‘.—-L_-_
25% 800 1385 2 1000
30% 895 1551 E
35% 971 1680
40% 1024 1772 500 =
45% 1056 1828
50% 1066 1846
55% 1055 1828 0 T T T T T T T T T T T T T T T T
60% 1024 1772 XRRRERRER
5% 971 1680 2 2e 2 o e 8 a
70% 895 1551 o
& Expected prevalence

75% 800 1385 i o
80% 693 1182
85% 544 943
90% 385 666

PR H grm Rl R B B TR 1)
(BSE) FEHIEs (5

KB WARHT R
P RS AR R
BSE [RFIRE {7 S AL S - A R AT iy - )
B> e BT & 50 [ELE > BSE FHHRE (7 3k 1 10 €55V~ (5/50
[0 el 3 6 7 [akRt S PR  PHREIR SR -
G f e b 4D A RS T EAR 4 o9 T) 446,000 F €

I'} 99% {5l 4] ~ 10095 = 0.001121% (5/44,600) Sz
FEEET > 5 AR 268,455 1 & » SR o SUBIH]
PRIk = ]

SAMPLE SIZE TO DETECT
PRESENCE OR ABSENCE OF DISEASE

ja[ t\’:

X sl | &

POPULATION SIZE 446,000
CONFIDENCE LEVEL 99%
SENSITIVITY 100%
EXPECTED PREVALENCE 0.0%
SAMPLE SIZE (n) 268,455

(1-(1- )" )(N - Jy(SeD - 1))

=

Se
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%‘EWB@F’J I'F‘, ( Qualitative risk asessment )

I'JpeGgE (Screwworm) £ 4“7Jw*£[f“ir“lia’% i R

(1)

(2)

(3)

il i—j%f%

e

W {{pisE (Caribbean ) {E%%i“ﬁiﬁ'%tﬁij’ﬁl??ﬁj Pl BBz (New world

screwworm ; NWS) 9]*

JSE I

' E‘;F”l 5] E\Jﬂﬁi

" af

B JRE

FoipT i—_ "

-

HFF

%4_:1‘ Iﬁ[ﬂﬂi'}s'/i__%‘

B R

® ri'fm

IFﬂ FEl e B

S~ BUTIR ISR R S 2

i Eﬁﬂ#‘j 1%

B ik v s P O i S
BT Ffl v)zf?\F Iﬁ, ,L]Sgg[ﬁ[ﬁ

#5 (Qualitative terms ) -

w73 RO~ 2RSS 5

&
Ll

lgu

‘JyJ]gﬁJE o FE %_ Z/[I %IF;},L o
[ e

° T’p“E % (Uncertainty ) ¢F R HE3 1 4

;yi/[lj\ ﬁ‘?ﬁlrﬁi’_ﬁ o

Negligible
Very Low
Low
Medium
High

Very High

So rare that it does not merit
consideration

Very rare but cannot be excluded
Rare but does ocour

Ocours regularly

Occurs very often

Events occur almost certainly

e
AR

"ﬂﬂ
&

Medium

High

The data available are solid and complete.
Multiple published references or reliable
databases and records ane available.
Different sources are generally in
agresment.

Some, but not complete data are
available. A small number of published
references or reliable databases and
records are available. |f personal
communication or anecdotal evidence is
used in combination with published
information, then it is from muttiple reliable
sources that are generally in agreement.
Mo published data are available. The only
evidence is in the form of personal
communications, anecdotal reports, or
unpublished data.

&~ Hifﬁyﬁ

19



(4)

H

LS A ?ﬁ—_’ﬁ‘%%’”ﬁl%fﬁi%kﬂé ( Acceptable level of protection ) -

JUENFRE RIS E o 53T E TR R

| INFESTATION WITHNEW WOELD SCEEWWORM | senmens Tllegal esaiane

I 1
Larvae Fliez or Larme

|
I I
| Livestock | | Othermammals | Humans Conveyances

|Bi1dmigatkm| | Pets | | B'crds|

]

) 12 [{E i RO (R

Legally Imported Mammalian Livestock Very Low to Negligible Very Low to N/A
Illegally Imported Mammalian Livestock Very Low Very Low
Domestic Mammalian Pets (Dogs and Low Very Low

Cats)

Humans Very Low Very Low

Exotic Mammals (research, wildlife, Negligible N/A

exotic pets, zoo animals)

Legally Imported Poultry Very Low to Negligible Very Low to N/A
Legally Imported Non-Poultry Birds Very Low to Negligible Very Low to N/A
Migratory Birds Negligible N/A

Smuggled Birds Very Low Very Low
Conveyances Negligible N/A

Hides and Skins Negligible N/A

Fly dispersal Negligible N/A

(5)
(6)

TF?‘I i?f}vg\:ﬁ?djp[l&%\[*rlﬁmﬁg\[ .

ez W A < REATG R IR LS (Low) » 4 i -

In summary, the consequences of an NWS incursion may be biologically and
economically severe. However, the most likely consequence - an incursion not
followed by an outbreak — would result in health consequences for the imported
infested host only, and would result in economic consequences related to
investigation only and limited control measures. All potential pathways for NWS
introduction from the affected countries into the free region were examined. Of the
12 pathways considered, 5 posed negligible risk of release, 6 posed very low risk of
release, and 1 pathway, pet mammals, posed low risk of release. For all pathways
with a greater than negligible risk of release, the risk of exposure (defined as
infestation of one native host in the free region) was very low. Overall, the risk of
NWS introduction into the free area from the affected countries is low.
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8.

9.

(7) BERIISENEFF R "S5 s -

B [ A “‘fzﬂi@i“ HYCS
rﬁﬁaa— [F‘,(Rlsk assessment ) 7 i* B P[5 T 3 JJ@TF e g 55
[BLOIE t » il (Zonelregion) fLE! T |5 o A H [ R
PR PIRREESF SR R EROPET I E RSBy B O
PRI % P 2 4155 - FERE OO TS - SO [~ F 1O 713
PR B o [RLERY LS BF"? R S RS T E IS R (2 S
PRI PR 1819 -
[ [ Wk B R | 55 B R
(1) HofpEHEds (Disease containment regions ) : AU [ ) -
PR R P [ (S BRR ER  ER
] ,iﬂ;ﬁ?m&rﬁgmgwﬁ E ﬁ[rggg;cﬁyg—; » Y S I Y
fr G A R () fl‘f’ff‘4 flE! (=47 JpsE) H)OD
[ = T
(2) &Jﬁ E’ﬁ‘ﬂﬁ?%@@?ﬁhiﬁﬁ ( Disease control or eradication regions )
PTG LR AR > S R R R ()
T R Bg LT e ~ 15 P o T f 7 ORI T I s %ﬂﬁﬁlﬁﬁﬁﬁi‘
AR B I L > R (1) 1-2 5 ) i%f’?é—“l'ﬁ[ ’ H{'J&”@ﬁ (LR et g
rﬁﬁ@ﬁ%ﬂﬂfaﬁﬁﬁ SR - AT I I 2 =t dnk
Ml = -

TeH B [~ (Regionalization) F]I#WI‘WFM&F@EJ 11 ,Fl I'Fﬁf““
lkjﬁ S 7] - R s U T bk }fﬁ G [ B
HE IHIFErE » X B BRI BRI 10 i R lﬁ[ﬂﬁ o
[ECOIE RU » it B it = Ay LA I (Regnon) EM =g
HAE (LRI i A GEPNERIE BN D o AT ﬂrlﬁ[ TRl
F/E&J@‘« o B RS 1) lﬁﬁﬁﬂ&@‘« VI o iy R
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SRUPERSF [T RG> 2 i ( OIE code B iy
i QFH—?B&J@‘« T O A7 » Bl [~ ol vt prio » &' i
I T %:EIT [FilF gk o
IW%‘«D”JFJ o P L GRS e O s O
PRSP 7 1 SRR o I 28 T S L R o X st
TR S B B WG S S e
fﬁﬁ?ﬁ'ﬁi’lﬁ«’iaﬁ;’% [IuEME (A group of adjacent countries ) - ﬁ £ RUS ISt
TG > B0 e EF PRS0 7 g 200 - SRS AR Y IE
= et g 53 ﬁm?ﬁﬁlﬁﬁ? Ik A

Receive request from foreign region
Lo Lo

=  Commodity for Export
= Recognition of Status

Regulation

Information

Collec . .
b <j> Risk Analysn;

Change

M ER A B RN 10 ZFIpS g ?F&[?"’DF:’I [’F“,iﬂ G @ (Risk of release ) :

(1)  $f A (Authority ) ~ 357 .}fﬁﬂ ( Organization ) B%?J‘(Fﬁﬁi‘fjﬁg;ﬁ%l

B YIRS %gﬁfﬁfﬁ‘ﬂwﬁﬁ%ﬁf%@? T AR (MBS
AR SRR S BT PRV R R e

(2) Eﬁf@‘f&”ﬁﬁkﬁ A L SR RN tl@péﬁ? RRTED ~ R
R

(3) T IR NE -

(4) = éﬁﬁ’ﬁﬂﬁ%i%ﬁﬁ[ﬁﬂ °

(5)  PBSINER < T p BT R 17 - D01 e IES 9 =By~ B i
A B A P R
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10.

(6) =T ﬁaaﬁﬁ E&:‘@‘m[‘lﬁﬁ[ﬁ R BRI GR 9] ~ 3]
B (BSOS - TR ﬁ‘”“"ﬂ i ﬁww

(7) Fﬁ]zggqftﬁ a@ﬁﬁfﬁjbﬁ@ﬁ PRI ) < 8 ot g A

L ,ﬁmﬁﬁ?‘“}ﬂfﬁlﬁﬂ mﬁ’fﬁﬁbﬁﬁr@?ﬁﬁ@o

(8) T ATEAEF L b« T ABERLRED % VR - S5 )+ T s
= 0 *J‘T'*Ji T fLT' L"#ﬁ\ R

(9) PRI B IR P PR SHEER - (Follow-up
investigation ) ~ vk ‘I‘%biﬁﬁl’ya °

(10) dfk@p=]s -

(11) B -

M St Iﬁ,lﬁlﬁﬁa@i P CREHTD 2 B
f-TRABHE T I EE il FME”?F‘HH%:" AL P TR
[ FTHARRIE 7 A R e Hn 198 PR EF B ERUTERL £y
f%maf@@%lﬁi @E&)ﬁ&ig,ﬁf‘ JER IR (SR BRARASOR R (B (50
g ) o il =1 R e TSR T EAI RIS 2 7 10-60 = (&
Mfr" [5@* lﬁﬁi' jéjtix [+ » " 4% http://www.gpoaccess. qov/fr/a‘,gsd) B R
EJJ[*[:[ES“" [N N B N TR A
http://wwwv.requlations.qov i 5 ) « ' ks [* [E ) [ AU IR gy g f 0 =1

_[

JT H:I 3]: EJJ:AEJ;U j«[ , F[ﬂ‘ I?"—L %E[g[%@?' [ ‘[’Ff‘l

i ) AT S A
“F'bﬁjﬂ""f SYRASYRR R AR T IR BN T i 5 AT TR R S
ﬁfg‘jﬂﬁf‘m%\'%ﬂﬁ, ( Conseguence assessment ) fi— ﬁ[ GREEREE= €S ?U?J’FLFI‘ fi
iﬁﬁ*}pfﬁé&%\[éf??—“fﬁ, » 2 RIYEE % % (Production) R®Y E,fo‘ﬁﬁj} » PR
SYACIY o e B I'“Flﬁé‘@%ﬁ TR 55:@‘?]3 lﬁl?ﬂf"T
(1) SHSPI  ro B E T iS5 % B R T L
NFEEp N%’ff ERIfTS {ﬁ?ﬁ’fl’?fﬁ% TR H R el I YR
ﬁT‘J‘E?
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http://www.gpoaccess.gov/fr/
http://www.regulations.gov/

(2)  ®phf<[= @'ﬁlﬁ%&ﬁﬁlfﬁb@«liﬁg[m I LR BLRE
TR CRRER ~ IR S ) .
] - ;:w@-%;ﬂ[ﬁ,;hﬁ Bl YT S TR
W R G ET (Supply shock) ~ BY AEER ~ it

BleEl g bTir T;’jl FoyiEr R (Welfare impact ) -

LS £ L B R SR o pRVe:72 JiNE @ﬂg_,’qiﬁﬁ Ny =
| RIS RIES ~ i T B Y ”Z’V%K’Tfﬁfﬁﬁ*lﬁl EFRRIES
(Low) ~ [[1%" (Mediun) 75l (High) 7 Va6 > 127 fgi

[EE oI = i

ALY T T - g[{%ljﬁéﬁ' FLH| (¥ 4% (Compensation options) » — I3
SEPHOT P Tl 2 I T » B 5 PRI R0 G P!

i |‘é|§1\ﬂ7vﬁﬂrmm[f.ﬂ?ﬁ |‘é|§i” Do ¥ EEH L) JE"@';J:’F’*;? = LEJ%PJ R
ANES T 1@13?[: THAR T SR O I T R PR o R

‘ﬂQPJ PR S TEEE A F"'rdj:*é”“ F [N B T 1R e e F ]
414 (Lostincome ) fﬂp HEl im I réJ ol SR ER P
bjﬁfm SRR AU =T N HICi el ST T U BRI X & R it
BRI o (R ETRI PR > ﬁ:ﬁ'?ﬁ JiH?

R LA T e aféﬂf?w%’ (1 1 S ’rﬁjg‘gﬁﬁ@j’%m
Gy iz BT S P 2 MRS RS RTINS i A
DN fiﬁﬁ?ﬁ"&’ﬁ TR (=18 2 Eﬁﬂﬁ‘ﬂﬁwﬁﬁ,@:ﬁ) 1ﬁ EX ]
YT+ 1 g S o Rl I Pl 2 TR IR T PR R
A QLS 5 BRI 1AL 5K RS
KR S S EDRER PR U YT LR -

11. =</ (Introduction to probabilities)
B (p) o (RN FF 2% Ot — 440 0-L VI - 0 Pkl
HTAEE L EAFNRYARE 5~ (] @R PORIH S g=(Lp) -
rﬁﬁea— (B | o et~ [ =D (IR I i pof e
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BUIF 2 CROm R RO (DR I [ bl - A
= IR (e 2 SR " B ) - VAR

TRRIE o (U0 P AR S ST (ROR Excel i S EUE ST ¢
Probability of at least one
infected animal in a group

True +

@ Determine the proportion
of true negatives
(predictive value negative)

Test detects?

e V5 I = TN/ (TN+FN)
eacis ] a(sp)/(a(sp) + p(1-se))

@ Raise to the number of

Mo:=q False § animals

= 1 Test detects? u [TN / TN+FN]H

[q(sp)/(a(sp)+ p(1-se))]"
# Subtract from 1
Tree- = 1-[TN / (TN+FN)]"

1- [q(sp)/(q(sp)+p(1-se))]

FPIIREE SR A BB S (Se) (SR - [N
U 3 D (R IEPIoss © SR SPridlt (Se) iy » - (e
BB D (IR PR S o R A (Sp) BB/ T

- o
AR <19% (001) RLUBFRR + v~ 7 B ITORIRRH -
SIS A T TSR SIS SR A (SRR - )

DPH AR~ Eh P IS
i s @ Calculate the PV-:

i q(sp)/(a(sp) + p(1-se)) =
95x.7/(.95x.7) + (.05 x .1)

p=05 it = .665 / (.665 + .005)
o =5
. @ Raise to the number of
q=.95 : False + animals:
.992510= g275
Test detects?
€ Subtract from 1
1- .9275 = .072

FIREAS N LR - BESRTe | et beetmbaetany I (Lt e
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TSGR B BB - A D S
3 7 Pl (R 5@a}ﬁﬁ$ [F% (S [ o

12. 73 fﬁjui—;ﬁl@?ﬁ@%fp‘lﬁﬁﬁ
FHA gy l?il}d”@f gl {4 (Variability ) e T 1% (Uncertainty ) » £}

[H7 Aghksl [Sﬂyj\ Fgé[ik[#d4 EI éﬁ@l ot : F/\I{E{,[ M;I?:nﬁ%ﬁgjrgg: ﬁ P |

* ﬁ[]iﬁﬁg (Process ) :
(1) = TEII@“}% ( Binominal process ) :
[“JFA(EJ: Fod r’ﬁJ ( Binominal distribution ) ~ B3 r”ﬁj ( Beta distribution )
eI Y r’ﬁJ (Negative binominal distribution ) » | «Ff FIhs el 14
g ()~ MR (n) R8sk (p) > = [WRNE Ui~ ffl - I
TEE57 0 25 5= o
binomial

= (n) — number of trials

= (p) — probability of success in every trial

= (5) — number of successes in a series of
trials

/ \< I
N/ L

negative binomial

L I r’ﬁJ : s= binominal (n, p) °
W B5)f : p=Beta(stl, n-stl) -

L I P |:n= s+negative binominal (s, p) -

(2) ?F,;}‘ﬂp 4 (Hypergeometric process ) :

Hypermetric (n, D, M) » n £5385& 80~ D £) Yf\“&iﬁg\r \V/ ‘ﬂﬁ%‘ﬂ

B
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http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/beta_dist.html
http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/beta_dist.html
http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/beta_dist.html
http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/beta_dist.html

M (population)

n (selected)

T SPSEPE - I SRR - B R IR 4@
I SRS BRI - pUFp 1 2T BRI 53 1 0
TR 3396 0 i S AT F'ﬂ?ﬁl@@ﬁfg R 2
PPURS EIPTBIRE » BT 2 R TR I 5006 - IS LY
A SR & T PR (M SRS B REBIIFOAE N (2
FH ) (R T B R

(F1- ‘ﬂ&F'JF;I PN R B g (<0.1 fﬁglfjgiﬁi’rﬁgg(r) R
15T A B LR BT A 7 AR - PRI SR i -
[ 15 s e o

Hypergeometric

i M,D ;
Inverse

) Not defined
hypergeometric

b SIS IE (Poisson process ) :
P T T A R 3R 2 puE R Poisson (A Q) e
*&lﬁﬁﬂﬁr REREEE:Z D EARSN = T SR (g [ e
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G P L BRLALZ B AT [y e R RL T
F[ ~ 0 F’rﬁ‘}ﬁ ) FI‘;EﬁFE (Fp ~ Eﬁﬁ&ﬂﬁ)

S 3 o (BT R SUAZ 53 ) (Poisson distribution ) ﬁﬁfJ’E'J °
gamma

tIfIIE

& MNumber of events o in time £
= Poisson (L8

#Lambda (L) — mean number of events /
per exposure unit
A=1/B
#Mean time betwesn events ()

Mean numper of events per time unit Num er of ohsenr tlons
- r

gamma Poisson

F{]l),;\&/:j: (p) s’[sfs[fj"J‘E\ﬂJ‘ » Poisson ( A7) 374 Binominal (n, p)
B R (M) S-S > Binominal (n, p)#§ X4 Hypermetric (n,
D, M) -

" rJfﬁE"%‘ﬂglq(M)gmiwﬂﬁp‘F‘B[ r%“ff \T(D/M)—’ISF{ /| |5k > Poisson
(A D FITH Hypermetric (n, D, M) o

13, EVE @ 5517 11 3 A

A e 53 T’TPJ: B R RN SRR SR AT AN SR
GESERR GRS e S IRTER i Ry e AR R

(0 2 PR TR R T PR = 55 fi e ST A e o il NS B 5 AR A

L%%{?@E'iﬁﬁ']ﬁ’?fﬁ °

TR AT IR 20T R *E*&%}Uo)ﬂﬁjﬁj.f%{*ﬁ@%‘
RO PSR 3 RS Rt RT  SEPHIREE) < 17 50 7 F RS ) (Normal
distribution ) ~ %fg¢-f& 55 ) (Log normal distribution ) ~ B>J | ( Beta

distribution ) ~ 15 = 3 "ﬁJ ( Uniform distribution ) ~ = Zfi 5} "FJ ( Binominal
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http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/lognormal_dist.html
http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/lognormal_dist.html
http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/beta_dist.html
http://boost.ez2learn.com/libs/math/doc/sf_and_dist/html/math_toolkit/dist/dist_ref/dists/beta_dist.html

distribution ) bF’I: MIPARl rr*J ( Negative binominal distribution ) -

EI T VR HBSETRERT I LB (I SR L -

14. FHE G
FRRBIPRIAI L S ANE S RGeS E D 3 LR A RS
HeEr F[fﬁﬁ’ﬁiﬁ%‘ﬁﬁ?ﬁlﬁw lﬂlﬂ’fﬁ{l‘iﬁ[ﬁﬁea— iy > 0 IR S
eRIER R WJ%F, ’ Eﬂ%?ﬁﬁiﬂ[ﬂ °
(1) A
W[ A LY R R = DA € SRR
fi- B 7
| F,Q;mj%'t %L 1“1 [E3 3
(2) Wl enbl e ™ EE R - R b e
BRI R A %ﬁﬁ?]ﬁ R
° OIE&)TF e (OIE disease card ; www.OIE.int) o
® =i 4\%&?@%‘1&[ ( www.cfsph.iastate.edu/ ) -
W BTN ¢ %% T R 1 A
® OIE&[F:pj#perh -
arc B G B -

B YRR T RS l**ﬁm ’
Scenario tree

No
*The risk associated with at least one ’_-

\mlLLL

B

mj‘en.'er.' animal b1 importing (’ommerﬂlﬂl = CPB for
pet birds from Taiwan to European Union [——* exportation
CPB quarantined?
No
selected

to export?|

Live CPB detected

at inspection? Yes
Yes CPB
survived? No

Commercial
Yes O
pet birds (CPB) 1 Yes
Yes Flock infected? I
e
exgosed?
Disease No
?
present? No
1 No
v

| No Risk
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http://www.oie.int/
http://www.cfsph.iastate.edu/

BN QU ST

B - www.regulations.gov

AP - www.biosecurity.govt.nz/regs/imports/ihs/risk -

PAFER - www.daff.gov.au/balira

www.defra.gov.uk/foodfarm/farmanimal/diseases/monitoring/risk

assess.htm -
@%Eﬁ_j

* www.pubmed.com -

* www.googlescholar.com -

* FAO website -

+ Google -

A I - T R
AR -
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http://www.regulations.gov/
http://www.biosecurity.govt.nz/regs/imports/ihs/risk
http://www.daff.gov.au/ba/ira
http://www.defra.gov.uk/foodfarm/farmanimal/diseases/monitoring/riskassess.htm
http://www.defra.gov.uk/foodfarm/farmanimal/diseases/monitoring/riskassess.htm
http://www.pubmed.com/
http://www.googlescholar.com/

ER S
@W@uﬁﬁ;“?ﬁvﬁﬂﬁfﬂﬁm&wzﬁﬂj‘“b*';gﬂﬂ L1 (Y

SR g R T R TR RS SO A I A S YR 2=
EE R N RN NG ﬁ%mbﬂﬁywwEP%WTM@’
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I Mandate and history

The European Union’s (EU) Scientific Steering Committee (SSC) was invited to carry out a
quantitative risk assessment (QRA) of the residual Bovine Spongiform Ecephalopathy (BSE)
risk in the following bovine-derived products: gelatine, tallow, tallow derivatives, milk
replacers containing tallow, di-calcium phosphate and meat-and-bone meat as a cross-
contaminant in animal feed. Hence, to prepare elements for discussion on the above
questions by the Transmissible Spongoform Encephalopathy (TSE) and BSE ad hoc Group,
a working group was established. This working group met, in varying compositions, at
several occasions in 2002 and 2003 and decided to involve stakeholders in the sector in
order to obtain additional field data and comments on the proposed risk scenarios.

The various draft reports prepared by the Working Group were regularly discussed and
amended by the TSE/BSE ad hoc group of the EU’s Scientific Steering Committee. In
September 2002, the SSC discussed the proposed methodology, adopted it and decided that
the proposed input values could be used for the QRA. The SSC also recommended that, in -
parallel, the methodology and typical input values could also be submitted for consultation
via internet to the wider scientific and industrial world.

This wider consultation resulted in a meeting in April 2003, which involved scientists from
the Commission’s Scientific Committees and Working Groups and representatives
(stakeholders) from both the industry and Commission Services. These scientists ratified the
content and assumptions about the QRA model input data as described in a first Interim
Report. The Commission forwarded that report to Det Norske Veritas (DNV) Ltd so it could
serve as a basis for their model in order to quantify the residual BSE risk. However, an ad
hoc European Safety Food Authority (EFSA) committee asked for improvements and
additions to the Interim report that required re-calculation by DNV. The resulting Second
Interim report was approved by the EFSA Biological Hazards Panel (BIOHAZ) at their
Plenary meeting and again forwarded to DNV in order to review the model for the
quantification of residual BSE risk. In the meanwhile EFSA established a QRA working
group which considered a draft DNV BSE risk report and advised some further
modifications which were incorporated and re-submitted by DNV in August 2004. These
calculations and their products have been merged within the Second Interim Report to give
this current version for consideration by the EFSA BIOHAZ Panel at their Plenary on
October 20-21% 2004. There it was decided that formal adoption and publication of this
working document will proceed after the opinions have been updated in order to allow the
inclusion of any agreed changes to this document made during the updates. In the meantime this
working document is published in order to be used as a reference in the updated opinions on:

- Tallow obtained from ruminant slaughter by-products.

- Gelatine from ruminant bones or hides.

- Di and tri calcium phosphate from bovine bones used as animal feed additive or as
fertiliser.

- Human BSE risk posed by bovine vertebral column including the dorsal root ganglia.

-  Mammalian derived meat and bone meal forming a cross-contamination of animal
feedstuffs.
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II. Introductory chapter

Quantitative risk assessment of food-borne pathogens has emerged as a powerful
methodology for estimating how likely, and at what level, an individual or population will be
exposed to a microbial hazard. The output of risk models is relatively complex and, ideally,
its interpretation and significance requires an integrated understanding of mathematics,
statistics, biology and systems knowledge. Elements of the methodology are given here in
the context of the quantitative assessment of residual BSE risk. Further general details of
different approaches can be found in “Risk assessment of food-borne bacterial pathogens:
quantitative methodology relevant for human exposure assessment (EC SSC Preliminary
report, February 21-22", 2002).

II.1. Deterministic and stochastic approaches towards BSE risk quantification

Current risk assessment models do not generally consider the effect of time, and are said to
be static. The typical static model considers the events that take place during a fixed period
of time, say one year, and treats differences between or within time periods (e.g. seasonal
variation) as variability. While parts of these static models may include dynamic modules -
such as estimating fluctuations in herd numbers or infectious titre - the output is usually a
static quantity - a titre estimate or herd size (EC SSC Preliminary report, February 21-22™,
2002). For this reason, a static model has been developed to assess residual BSE risk.

Two model approaches can be followed to quantify the residual BSE risk of ruminant-
derived products entering the food chain: the deterministic and stochastic or probabilistic
models. :

A) In the deterministic approach, a single value is attributed to each parameter in the
assessment. This value corresponds to the most likely value this parameter (commonly) has
or is assumed to have.

The deterministic modelling approach permits the risk manager to rapidly estimate (by linear
extrapolation) the risk under alternative conditions, such as higher/lower tissue infectivity
levels, larger/smaller batch sizes, complete/incomplete specified risk materials removed, etc.
However, the rigidity of the deterministic approach may result in unrealistic scenarios for
which the likelihood is almost zero. If the input values are replaced by a best, or average or
worst case assumption then there would be a linearly decreased or increased residual risk.
However it should be clear that combining all worst or average or best case assumptions in
one deterministic scenario may result in highly unlikely estimates of possible risk. This is
because the probability that all worst, average or best case assumptions become reality at the
same time is much less likely than if only one worst, average or best case event occurred.

B) In the probabilistic approach, the above problem is at least partly avoided. The model is
run many times and for each of the model runs, values for each parameter are selected ad
random from a specific distribution and combined (stochastic model). The number of model
runs should be taken sufficiently high to guarantee that all possible combinations of
parameters have eventually been selected a sufficient number of times to allow an evaluation
of the probability of occurrence of the corresponding risks.
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A major advantage of the probabilistic approach is that it helps to understand interactions
between parameters whilst taking into account uncertainties and that therefore it is a most
useful tool in decision-making. One should however be aware that the assumed probability
distributions in reality reflect both the scientific uncertainties in certain areas' and the fact
that certain field conditions vary according to a statistical distribution’. While the main value
of stochastic models is that they allow testing a high number of possible combinations of
different parameter values (and for many iterations, for example, 100,000), the outputs may
be heavily influenced by uncertainties associated with the basic assumptions adopted for
each parameter.

One should also be aware that, when introducing alternative assumptions, the resulting
residual risk would not necessarily increase or decrease linearly. Therefore, when
uncertainties are reduced by the acquisition of new data and information, the evaluation
should be repeated.

In this report hereafter, the probabilistic approach is followed because it is likely to result in
more realistic scenarios. The results allow the estimation of the most frequently observed
outcome (mode) for the chosen combination of input distribution. For the process of decision
making, the higher percentiles are in this context often more important than the lower ones.

The user should however be aware that the results heavily depend on the values of
parameters for which no definitive research results or field data are available. The species
barrier and a minimal infective dose are examples of parameters that have to be estimated
with a large degree of uncertainty because of lack of knowledge.

11.2.  Quantitative Risk Assessment (QRA) methodology

The basic methodology for the quantitative risk assessment of residual BSE risk is given in
Annex 1.

[1.3. Summary overview of the input data needed for quantitative BSE risk assessments

A comprehensive quantitative assessment of residual BSE risk posed by cattle-derived
products such as gelatine, di-calcium phosphate, tallow and milk replacers, and meat and
bone meal requires information for the following input variables:

D The species barrier.

2) The possible infectious load of the cattle by-products. (Tissue infectivity
distribution and typical tissue titres of the BSE agent.)

3) The prevalence of BSE positive animals that become slaughtered for food. The
yearly numbers of adult animals slaughtered determines the probabilities that, in a

' For example, is the species barrier 1, 10, 100, 1000 or 10000? Are the minimal infective doses 1000, 100, 10
or | mg?

2 For example, the risk reduction during production will not always be identical for all plants and within a
given factory, but is likely to be distributed around this value. In this respect, it should be noted that the
TSE validation studies carried out by GME involved only processes that could be considered to apply
generically to all of the GME member companies that produce gelatine.
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¢ Infectivity reduction by processing - impurities in tallow: In order to estimate the

- infectivity in raw tallow before filtration it is necessary to have an estimate of the level of
impurities in the raw tallow. This data was not given in the SSC report, and it seems that
no firm data are available. The UK Renderers Association suggested that a figure of 0.5%
might be reasonable. For the purposes of this assessment the level of impurities in raw
tallow has been assumed to be 1%. This is believed to be an upper estimate. It is further
assumed that all of this impurity is protein, which again would be a conservative
assumption.

o Infectivity reduction by processing: The reduction factors for BSE infectivity for each
of the processing steps are summarised in Section I11.7.5, Table 4. These are all modelled
as triangular distributions. Note that the reduction factors given for filtration in Table 4 are
misleading as they do not take account of the level of impurities in the tallow. Thus the
reduction factor for filtration to 0.15% should be 0.01/0.0015=6.7, rather than 1/0.0015.

e Daily consumption: consumption estimates are as given in Section II1.8 These are
modelled as triangular distributions.

* Additional inputs for exposure to cattle: Most of the data used for the calculation of
cattle exposure is the same as that for human exposure. Additional data relate to batch
sizes for DCP production and consumption estimates for both the use of tallow in milk
replacer and for DCP. Additional data was obtained from GME indicating that the yield of
DCP from fresh bones ranges from 15.9 to 17.6%.
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European Commission - Hea

ith and Consumer Protection

PROBABILISTIC MODEL FOR THE QUANTITATIVE ASSESSMENT OF RESIDUAL BSE RISK
DNV Consuiting, London

EC ref SANCO/D2/2004/812.373706
DNV ref 20067400

Date 23 June 2004

Rev Ver-5

fegend Einput required
D | units | data Jref _comments
{nfectivity data
Infectivity level in brain (clinically BSE infected P50 P99 input percentiles
D1 [bovine) ColD80/g 5 100 1.2 (A) See section 1.2 & IV.2
Incidence classes ()
D2 (H|GBR | country, BSE highly unlikely, zero incidence
03 (I)|GBR Il country, no BSE detected,
D4 {i)} GBR 1li country, BSE possible,
D5 (IV){GBR IV country, BSE confirmed,
BSE incidence range per 106 animals min mode max mode = most likely
D6 (M| no/10*6 0 0 [] no BSE detected
D7 {1 no/10*6 1 30 99 H.3.1 30 assumed as most likely value
08 {iVi _no/10*6 100 300 1000 originally spscified as >100, no limit
Non-d d pre-cl i | nmin mode max
Dg ()} no/10%6 2 3 4
D10 (i) noM0~e 2 100 400 1.3.2
Di1 (V)] __no/10*6 200 1000 4000
Infecti load for infected animal: min max all countries
D12 %, 1%, 100% 3.3 infectivity as a %age of maximum,
Incubating animals < 10% of max. load mean
D13 reliable surveillance % 90% 1.3.3 % of animals whose infective load
D14 unreliable surveillance % 50% is below 10% of max. possible load
{nfectious load for animals < 10% max load min max
D15 % 1% 10% 11.3.3
Weight of slaughtered bovine (live weight) mean constant value assumed
D16 kg 550 111.3.2 (B)
Byproducts, bones for gelatin, DCP and fats mean
017 Case 1:both skull and vertebra! column removed kg 37 average by-product yields per animal
D18 Case 2: only skull is removed| kg 50 4 (lissue weights)
D19 Case 3: skull or vertebral column not removed kg §8
Byproducts, fats before and after splitting mean
D20 case 1 kg 32 .4 average by-product yields per animsl
D21 case 2 kg B0 (tissue weights)
Byproducts, mixture of tissues mean
D22 no SRMs removed kg 188
D23 SRMs removed, except vertebrag] kg 180 .4
D24 SRMs removed. including vertebrael kg 167
Tissue weights and infectivity levels . mean %
D25 brain| g&% 500 100% estimated tissue weights from adult
D26 trigeminal nerve ganglia (TRG) a&% 20 100% beef cattle; percentage figures are
D27 spinal cord| g&% 200 100% ratios of estimated titre levels to
D28 dorsal root ganglia (DRG) 9&% 30 100% maximum titre levals
D29 Iteum| 0&% 800 10.0% {11.3.2 (B)
D30 spleen a&% 800 0.010%
D31 rest of head (excl skull and brain)| 9&% 6500 0.02%
D32 bone marrow, if infectious| a&% 2900 0.01%
D33 bone adnexal g&% 5800 0.01%
C of bone bypi mean
D34 |Probability of contamination for case 1 % 0.01% .5 |depends on skull, vertebrae removal
D35 |Probability of contamination for case 2 and 3 % 1.0% depends on skull, vertebras removel
D36 [Max. amount of brain tissue remaining % 5.0% all cases
D37 [Max. amount of spinal cord tissue remaining % 2.5% all cases
C ion of fat byproduct: mean
D38 [Prob. of contamination, tallow from fat, a & b % 60.0% fiLs depends on skull, vertebrae removal
D39 [Prob. of contamination, tallow from mix, case a % 100.0% |depends on skull, vertebrae removal
D40 |Prob. of contamination, tallow from mix, case b % 10.0% all cases
D41 |Prob. of contamination, tallow from mix, case ¢ % 10.0% all cases
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Batch sizes and Yeild

Batch for taliow from bones min max uniform distribution
D42 tonnes 125 1600 i.6.4
D43 |Yeild of Tallow % 10% 20%
D44 |Yeild of MBM % 40%
Batch for tallow from fat tissues min max uniform distribution
D4s tonnes 40 230 11.6.4
D46 |Yeild % 65%
Batch for taliow from mixture of tissues min max uniform distribution
D47 tonnes 160 1000 1.6.4
D48 Yeild % 15%
Batch for gefatine from bones min max uniform distribution
D49 tonnes 100 250 1.6.2
D50 |Yeild % 4.1% 4.3%
Infectivity Reduction by Processing
Impurities in raw taliow {bones and mixture) mean Assumed value
D51 % 1.0%
Impurities in raw tallow (fat tissues) mean Assumed vailue
D52 % 1.0%
Protein content of tallow impurities mean Assumed value
D53 % 100.0%
Tallow, saturated steam, pressure min mode max triangular distribution
D54 factor 1.00E+01 2.00E+02 1.00E+03 jil.7.3
Taillow, post sterilisation min mode max triangular distribution
D55 factor 1.00E+01 2.00E+02 1.00E+03  [IN.7.3
D56 |Gelatine, alkaline and acid min mode max triangular distribution
D57 factor 1.58E+04 3.16E+04 6.31E+04 IIL.7.1
Gelatine, heat / pressure min mode max triangular distribution
D58 factor 1.58E+06 3.16E+08 6.31E+06 lli.7.1
Baily Consumption .
Tallow (humans) min mode max triangular distribution
D59 _grams 0.5 1.0 10.0 11.8.1
Bone gelatine (humans) min mode max triangular distribution
[si:)) _grams 0.1 1.0 10.0 {1L8.1
Additional inputs for exposure to Cattle
Batch sizes and Yeild
Batch for DCP from bones min max uniform distribution
D50 tonnes 180 800 6.3 |
D51 jYeild % 15.9% 17.6%
infectivity Reduction by Processing
Dicalcium phoshate [ min [ mode | max ‘ln’angular distribution
D59 factor | 3.16E+03 | 6.31E+03 | 1.00E+04 |il.7.2
Consumption
Tallow {replacement calves) mean mean value, cumulative consumption
D80 _kg 24 14.8.3 60 days, max. 60% taflow
Tallow (veal calves) mean mean value, cumulative consumption
D61 kg 37.0 1.8.3 180 days. max. 50% tallow
Bone DCP Adult milk cattle mean value only
D62 g/day 85.0 111.8.2
Bone DCP Beef cattle mean value only
D63 glday 25.0 11.8.2
Cattle Feed Concentrate mean sd Intensive system
D64a kg/day 8.0 2.0 DNV, 1999
Cattle Feed Concentrate mean sd Extensive system
DE4b; kg/day 1.5 1.0 DNV. 1898
Meat and Bone Meal .
Proporstion of MBM produced from bovine min mode max individual vafues
D85 |material % 1.0% 40.0% 100.0%
Proportion of MBM contaminating ruminant feed Case a Case b Case c
DE6 % 0.1% 0.02% 2.0%
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IV.3 Calculation of Infectious Load

The first stage of the model is the calculation of the infectious load. It is in this sheet that the
user defines the scenario to be modelled in term of the Geographical BSE Risk (GBR status)
and whether or not the surveillance is reliable. The Infectious load sheets for GBR II, III and
IV are shown in Tables I-1 to I-6 in Annex I. Where sampled values are shown (e.g. the
infectivity in line I12) the value given is the mean value. These will take different values at
each iteration as the distributions are sampled randomly. The sheet is colour coded to
indicate where input is required (green), where values are transferred from other sheets
(blue) and the sampled values (yellow). :

e The definition of the infectivity for a clinically infected bovine is copied from the input
data to line I1, and the sampled value given in 12,

e The user selects the GBR scenario in lines I3 a; b or ¢ and the surveillance scenario in row
I7 or 18. All related values are then picked by the software so that the model automatically
runs for the chosen scenario.

e The number of detected BSE animals is selected from the selected triangular distribution
and the sampled value shown in 16. The numbers of non detected animals then depends on
the surveillance. If surveillance is reliable then there are no non-detected animals.

o The numbers of non-detected pre-clinical animals are again dependant on the GBR status,
with the data for the selected scenario shown in 13, and the sampled value in I14.

e The infectious load for pre-clinical animals will be less than that of a clinical case. This is
modelled by assuming that the infectious load will be less than 10% of the maximum for
90% of infected animals. Thus for 90% of infected animals the infectious load is assumed
to range from 1 to 10% (uniform distribution) with the infectious load for the remaining
10% of animals assumed to range from 1 to 100%. With unreliable surveillance it is
assumed that the infectious load will be less than 10% of the maximum for 50% of
infected animals rather than 90%.

e The total equivalent number of animals with full infectious load is then calculated for the
two groups(<10% load and >10% load), and summed (line 127). These values are all per
.million adult animals.

e The final probability of BSE infection is then calculated as the equivalent number of
animals with full infectious load per million animals.

The worksheets with calculated values are presented as Tables I-1 to I-6 in Annex I for GBR
II, III and IV countries with results for both reliable and unreliable surveillance. A
comparison of the infectious load for each of the country scenarios is given in Figure 3,
which shows plots of the distribution of the number of equivalent animals with full infected
load in each case.
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amount of infectivity (in ColDso per gram) from a hypothetical QRA is displayed together

" with the values for the three deterministic scenarios. A percentile distribution for the same
outcome is displayed in Figure 5. In this example, the 50™ percentile value (median of the
outcome distribution) is 6.0797, indicating that 5,000 of the 10,000 iterations (50% of all
outcomes) yielded an infectivity titer below 6.0797 ColDso per gram tissue.

Final considerations

One should however be aware that the chosen [assumed] probability distributions in reality
reflect at once both the scientific uncertainties in certain areas™ and the fact that certain field
conditions follow a statistical distribution”. While the main value of stochastic models
underlying quantitative risk assessment is that they allow to test a high number of possible
combinations of different parameter values, the reliability of the outputs may be heavily
influenced by uncertainties associated with the basic assumptions adopted for each
parameter.

The more input variables are defined as probability distributions, and the wider the expert
estimates for these input distributions are, the flatter and less defined the outcome
distribution(s) will be. Also, with a higher number of input distributions, the chances of
observing very extreme outcomes, i.e. outcomes that result from the simultaneous selection
(within ONE iteration) of extreme values for all input distributions, is reduced. This because
the chance of drawing values from the upper 1* percentile of each distribution, when 5
independent input distributions are specified, is (0.01)’=1x10"'°. If, however, such a rare
event occurs, it will be influential on the observed highest percentiles and the maximum
outcome value, yielding these seemingly unstable.

One should also be aware that, when introducing alternative assumptions, the resulting
residual risk would not necessarily increase or decrease linearly. Therefore, when
uncertainties are reduced by the acquisition of new data and information, the evaluation
(iterative modelling process) will need to be repeated.

References
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% For example: is the species barrier 1, 10, 100, 1000 or 10000? Is the minimal infective doses 1000, 100, 10
or I mg?

For example: the risk reduction during production will not always be identical for all plants and within a
given factory, but is likely to be distributed around this value.
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Appendix

Table 1. summary statistics after selecting 5000 values ad random from the given input
distributions with minimum=340, most likely value=500, and maximum=660.

All distributions were selected to be symmetric around the mean value.

Normal . Uniform Triangular BetaPert-
Resulting distribution distribution distribution Distribution
distribution SD=Range/6  (Min - Max) (Min, Mode, Max) (Min, Mode, Max)

Min 286 340 342 344
Mode 500 500 500
Max 712 660 657 656
Mean 500 500 500 500
5% Perc 412 356 431 400
50% Perc 500 500 500 500
95% Perc 588 644 568 599

=== Normal with SD estimate = Range/6 =™ Uniform between Min and Max
&= Triangular between Min, Mode and Max == BetaPert between Min, Mcde and Max
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Figure 1: frequency distribution after selecting 100,000 values ad random from the
given input distributions.

All distributions were selected to be symmetric around the mean value.
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Table 2: summary statistics after selecting 5000 values ad random from the given
input distributions with minimum=450, most likely value=500, and maximum=700.

All distributions were skewed, i e. shifted to the left (long tail to the right).

Normal

distribution Uniform Triangular BetaPert-
Resulting SD=Range/ distribution distribution Distribution
distribution 6 (Min - Max) (Min, Mode, Max)  (Min, Mode, Max)
Min 340 450 451 540
Mode 497 502 503
Max 666 699 699 681
Mean 500 556 550 524
5% Perc 431 462 475 465
50% Perc 500 575 542 519
95% Perc 569 687 650 605

=Normal with SD estimate = Range/6 " =®={Uniform between Min and Max
=#=Triangular between Min, Mode and Max == BetaPert between Min, Mode and Max

0.05 T
0.04
£ 0.03
=
o]
Qa
<]
a 0.02
0.01 \)\;
0 il T H
250 350 450 550 650 750

Cattle weight

Figure 2: frequency distribution after selecting 5000 values ad random from the given
input distributions.

All distributions were selected to be non-symmetrical. The normal distribution considerably
extends below the minimum value.
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Table 3. summary statistics after selecting 5000 values ad random from the given input
distributions with minimum=1, most likely value=100, and maximum=10,000.

All distributions were shifted to the left (long tail to the right), and differences were in the
range of log units (total rage: 4 log units).

Normal Uniform Triangular BetaPert- j gBetaPer

Resulting distribution distribution distribution Distribution Distribution
distribution  SD=Range/6 (Min - Max) (Min, Mode, Max)(Min, Mode, Max)(Min, Mode, Max)

Min -6647 2.57 11 1.5 1.24
Mode 204 126 130 4.6
Max 6411 9998 9951 8336 8599
Mean 100 5000 3367 1734 376
5% Perc -2643 500 302 118 5.7
50% Perc 100 5000 2964 1367 100
95% Perc 2839 9500 7772 4604 1748
&= Uniform between Min and Max =% Triangular between Min, Mode and Max

=¥=BetaPert between Min, Mode and Max

0.05 1

0.04

0.03

Probability

0.02

0.01

0 2000 4000 6000 8000 10000

Value

Figure 3a. Frequency distribution after selecting 5,000 values ad random from the
given input distributions. All distributions were selected with minimum=1, most likely
value=100, and maximum=10,000.

All distributions were shifted to the left (long tail to the right), and differences were in the.
range of log units (total rage: 4 log units).
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= Normai with SD estimate = Range/6 =¥ 10E(BetaPert) between Min, Mode and Max
0.5 1

0.4

©
w

Probability

©
N

O* T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Values

Figure 3b. Frequency distribution after selecting S000 values ad random from the
given input distributions. :

All distributions were selected with minimum=1, most likely value=100, and
maximum=10,000. All distributions were shifted to the left (long tail to the right), and
differences were in the range of log units (total rage: 4 log units). The normal distribution
extended heavily into the negative value range. The x-axis was truncated at 2000.
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worst case: 6040
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1000 best case: 0.006 /
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10.24 ]
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81.92 1
163.84
327.68 |
655.36 |
1310.72 )
2621.44
5242.88
6040.00

Upper bound; remaining infectivity (Cattle Oral ID50 / g)
Figure 4. Frequency distribution of remaining infectivity per gram material (in Cattle
Oral ID50) from a hypothetical QRA.

The X-labels are the upper bound of the respective category (interval). In this example, the
most often observed outcome was in the category between 5.12 and 10.24 (mode of

distribution).
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Figure 5. Ascending cumulative frequency distribution for example model.

The 50™ percentile value (median of the outcome distribution) is 6.0797, indicating that in
this example 5,000 of the 10,000 iterations (50% of all outcomes) yielded an infectivity titer
equal or below 6.0797 ColDs per gram tissue.
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Annex 2: QRA Data Tables

Table 1.1 - Infectious Load Data, GBRII Country, Reliable Surveillance

EC ref SANCO/D2/2004/512.373706

European Commission - Health and Consumer Protection DNV ref 20067400
PROBABILISTIC MODEL FOR THE QUANTITATIVE ASSESSMENT OF RESIDUAL BSE RISK Date 11 August 2004
DNV Consulting, London Rev Ver-6

Sheet 2 - Infectious Load

legend input required
transferred frorn other sheeols
{sarnpled from distribution, or calculated

Sampile Infectivity of Clinically BSE Infected Cow

Infectivity level in brain {clinically BSE P50 [ PSs T
11 |infected bovine), colD50/g 5 | 10 | copied from input data sheet, D1
12_{Sampled infectivity level, colD50/g 11.46 from distribution {(mean displ
Sample Number of Non-detected Clinical or Final-incubation Animals Entering
BSE animals
Select country scenario (YIN)? min mode max
i3a (1) ¥ 0 0.5 1 GBR lf country, no BSE detected,
13b ()] N 1 30 ] GBR Il country, BSE possible,
13c (V) N 100 301 1000 GBR IV country, BSE conrlmed
I5 |Data for selected scenario 5 H 0 . 1 G # csuntey, o BSE
16 IBSE animals, per 10”6 3 sampled from rnangular d:slnbuuon mean displayed
Select type of surveillance {YIN)? sampled no. of animals
7 reliable surveillance| ¥ 0.0 reliable surveillance
18 unrehable surveillance N 0.5 unrellable surveiliance
18 _[No. of non-d d entering SE| T 0.0

Sampie Number of Non-detected Pre-clinical Ammals Entering
non-detected pre-clinical animais

Pick from country scenario selected min mode max
110 [{)] Y 2 3 4 copied from input date sheet, D9
111 [{11)] N 2 100 400 copied from input data sheet. D10
12 ()] N 200 1000 4000 copied from input date sheet, D11
113 |Data for selected scenario 2 3 4 from tri istri . 8bove values
114 _|Non-detected clinical animals, per 1046 3.0 sampled from triangular distribution, mean dispiayed
Determine Total infectious Load for infected Ammals Entering
infectious load limits, and %age < 10% infectious load % < 10%
min max %
15 Y 1% 100% 80% reliable surveillance
116 N 1% 100% 50% unreliable surveillance
117 linfectious load for selected surveillance 1% 100% 80% 2
{18 [Sampled infectious load (> 10% max load) 50.5% sampled from umlarm distribution, above values
19 1% of animals > 10% of max. load 10% i suveiiancs
120 |Total number of infected animals entering 3 =
121 |No. of animals > 10% of max. load 0.3 =
122 |Equiv. no. of animals with max. clinical load 0.2 =
min max
123 lnfectlous load for animals below 10%, % of max. 1.0% 10.0% copied from input data sheet, Dxx
124 fecti load (< 10% max load) 5.5% for animals < 10% of maximum Joad
125 No. of animals < 10% of max. load 27 =120x117¢c
126 |Equiv. no of animals with max. clinical load [X] ={23x 124
Total equiv. no of animals with {full clinical load, non
|127 ldetected infected animals. per 106 animals 9.3 =122+ 126
Determine Probability of BSE Infection
128 [Probability of BSE infection [ 3.00E-07 | [=127710%

Graph of Equivalent Animals with Full Clinical Load

GBR I country, no BSE detecion,

100%
90%
80%
70%
60%
50%
40%
30%

Pearcentlle

_|===-equiv. no.
# mean

20% PR - - . . —— P -
10% e e | & PoO ::‘7’5
0% mea'n
0.4 1.0 10.0 100.0 - 1000.0 50.0% 0.29 prry
Equivalent no. of fuily infected animals, per million - =
v Y mecied ammats. p 21.6% 0.27 _|mode

This graph reflects the equivalent number of fully infected animals for the country scenario in question, with associated probability levels, For example, there is a
90% probability that the equivalent number of fully infected animals is less than or equal to the value highlighted in green.
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Table 1.2 - Infectious Load Data, GBRII Country, Unreliable Surveillance

EC ref SANCO/D2/2004/512.373706
European Commission - Health and Consumer Protection DNV ref 20067400
PROBABILISTIC MODEL FOR THE QUANTITATIVE ASSESSMENT OF RESIDUAL BSE RISK Date 11 August 2004
DNV Consulting, London Rev Ver-6
Sheet 2 - infectious Load
{egend input required
forred from other sheets
sampled from distribution, or calculated
Sample Infectivity of Clinically BSE Infected Cow
Infectivity level in brain (clinically BSE P50 P9g
11 linfected bovine), colD50/g 5 100 copied from input data sheel, D1
12_|Sampled infectivity level, colD50/g 11.46 from istrit (mean disp.
Sample Number of Non-detected Clinical or Final-incubation Animals Entering
B8SE animals
Select country scenario {YIN)? min rmode max
i3a [{D)] Y [1] 0.5 1 GBR li country, no BSE detected,
13b [{11)] 1 3o 99 GBR Il country, BSE possible,
13c {iv) 100 300 1000 GBR IV country, BSE confirmed,
15 [Data for selected scenario (] 0.5 1 OBR ¥ coyntey, ne BEE
16 [BSE animals, per 10°6 0.5 sampled from triangular distribution. mean displayed

Select type of surveillance {YIN)? sampled no. of animals
7 reliable surveillance N 0.0 reliable surveillance
18 unreliable surveillance X 0.5 unreliable surveillance
19_|No. of non-d d animals entering 3 0.5 st diahie survedtRnes
Sampie Number of Non-d ted Pre-clinical Animals Entering
non-detected pre-clinical animals
Pick from country scenario selected min mode max
o my Y 2 3 4 copied from input data sheet, D
111 (1)) N 2 100 400 copiad from inpul data sheet, D10
12 v N 200 1000 4000 copied from inpul data shest, D11
113 Data for selected scenario 2 3 4 pled from tri i above valuas
114_|Non-detected clinical animals, per 1046 3.0 sampled from triangular distribution. mean displayed
Determine Total Infectious l.oad for infected Animais Entering
Infectious load limits, and %age < 10% infi us load % < 10%
) min max %
15 N 1% 100% 90% relisble survelllance
116 Y 1% 100% 50% unrelieble survelllance
117 |Infectious load for selected surveillance 1% 100% 50% unrofiable swvesiance
118 led infecti foad (> 10% max load) 50.5% sampled from uniform distribution, above values
119 |% of animals > 10% of max. load 50% unrefinhle surveiiiance
120 |Total ber of infi d animals 4 =
121 |No. of animals > 10% of max. load 1.8 =
122 {Equiv. no. of animals with max. clinical load 0.9 =
min max
123 |Infectious load for animals below 10%, % of max. 1.0% 10.0% copigd from input data sheat, Dxx
124 |Sampled infectious load (< 10% max load) 5.5% for animels < 10% of maximum load
125 |No. of animals < 10% of max. load 1.8 ={20x 17c
126 |{Equiv. no of animals with max. clinical load 0.4 ={23x 124
Total equiv. no of animals with full clinical load, non
127 animals. per. 10°6 animals. 1.9 =122+ 126
Determine Probability of BSE infection
128 [Probability of BSE infection | 9.80E-07 i |= 1277 10*6

Graph of Equivalent Animals with Full Clinicat Load

2n

GBR # swyytry, 10 BSE detected,

unreliable swrveiliance
FaThoR

100% - 2.5% A5 __ |P25
90% 10.0% .28 P10
80% 20.0% .45
70% §- 30.0% .62
K 40.0% .79
2 60% n
s s50% § 50.0% X |F58
5 0% 60.07 X
= 30% | ==—equiv. no. 70.0% .30
20% ® mean ggg: :g =5
P90 2 :
! g:;, & 97.5% .97 P97.5
o 10 I
ot . 10e 1000 1000.0 :gg"ﬁ’ :g |:::?an
Equivalent no. of fully infectad animals, per million 44:50/: :37 Tode

This graph reflects the equivalent number of fully infected animals for the country scenario in question, with assaciated probability levels. For example, there is a
90% probability that the equivalent number of fully infected animals is iess than or equal to the value highlighted in green.
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Table 1.3 - Infectious Load Data, GBRIII Country, Reliable Surveillance

EC ref SANCO/D2/2004/S12.373706
European Commission - Health and Consumer Protection DNV ref 20067400
PROBABILISTIC MODEL FOR THE QUANTITATIVE ASSESSMENT OF RESIDUAL BSE RISK Date 11 August 2004
DNV Consulting, London Rev Ver-6
Sheet 2 - Infectious Load

legend input required
transferred from other sheets
led from distribution, or calculated
Sampile Infectivity of Clinically BSE Infected Cow
Infectivity level in brain (clinically BSE P50 P99
11 {infected bovine), colD50/g 5 100 copied from inpul data sheet, D1
12_{Sampled infectivity level, colDS0/g 11.46 sampled from lognormal distribution (mean displayed)
Sample Number of Non-detected Clinical or Final-incubation Animals Entering
l BSE ani
Select country scenario {YIN)? min mode max
13a (n) N 0 0.5 1 GBR Hl country, no BSE detected,
13b iy 3 1 30 98 GBR lil country, BSE possible,
13¢ (V)| 100 300 1000 GBR IV country, BSE confirmed,
15 [Data for selected scenario 2 H 1 30 99 DER H ot
I6_|BSE animals, per 1046 43.3 sampled from triangular dlslnbunon mean displayed
Select type of surveillance (YIN)? sampled no. of animals
7 reliable surveillance Y 0.0 reliable surveillance
18 unreliable surveillance N 43.3 unmhable sulvelllance
19_[No. of non-detected animals entering SE 0.0 ' 2
Sample Number of Non-detected Pre-clinical Ammals Entering
non-d d pre-clinical animals
Pick from country-scenario selected min mode max
110 () N 2 3 4 copied from input date sheet. D9
11 () Y 2 100 400 copied from input data sheet. D10
12 {v) N 200 1000 4000 copied from input data sheet, D11
13 |Data for selected scenario 2 100 400 from distribution, sbove values
114 [Non-detected clinical ani per 1046 167.3 sampled from lnangulard:smbuhon mean displayed
Determine Total Infectious Load for Infected Animals Entering
{infectious load limits, and %age < 10% infectious load % < 10%
min max a
15 Y 1% 100% 90% reliable surveillance
116 N 1% 100% 50% unreliable survaillance
117 |Infectious load for selected surveillance 1% | 100% 90% rishaisio survettancn
118 |Sampled infectious load (> 10% max load) 50.5% sampled from umlorm distribution, above velues
119 % of animals > 10% of max. load 10% rgliahiv s
120 [Total ber of infi d ing 187 =
21 [No. of animals > 10% of max. load 16.7 =
122 |[Equiv. no. of animals with max. clinical load 8.5 =
min max
123 {Infectious load for animals below 10%, % of max. 1.0% 10.0% copied from input dala sheet, Dxx
124 [Sampled infectious load (< 10% max load) 5.5% for animals < 10% of maximum loed
125 {No. of animals < 10% of max. load 150.6 =120x117c
126 [Equiv. no of animals with max. clinical load 8.3 =123x124
Total equiv. no of animals with full clinical load, non
127 |detected infected animals, per 106 animals 187 =122+ 126
Determine Probability of BSE Infection
128 |Probability of BSE infection T 1.67E-05 ] [=127710%

Graph of Equivalent Animals with Full Clinical Load

GBR H country, BSE possihie,

100%
90%
80%
70% §
£ 60%
5 50% 50.0% 14.3 P50
5 a0% 60.0% 7.
& 30% e 2QUIV, 110, 70.0% 20,
2% : : = mean g'o:;° gf'eo 0
0% .
13?’ e — "'sgi:f, ::.g; P97.5
01 1.0 0.0 100.0 1000.0 =2 2 mean
" . S Py 50.0% 14.39 _ }median
q no. of fully per million T 557 ode

This graph reflects the equivalent number of fully infected animals for the country scenario in question, with associated probability levels. For example, there is a
80% probability that the equivalent number of fully infected animals is less than or equal to the value highlighted in green.
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Table 1.4 - Infectious Load Data, GBRIII Country, Unreliable Surveillance

EC ref SANCO/D2/2004/S12.373708
European Commission - Heaith and Consumer Protection DNV ref 20067400
PROBABILISTIC MODEL FOR THE QUANTITATIVE ASSESSMENT OF RESIDUAL BSE RISK Date 11 August 2004
DNV Consuiting, London Rev Ver-6
Sheet 2 - infectious Load
= MY
iegend input required
transferred from other sheets
led from distribution, or
Sample infectivity of Clinically BSE infected Cow
[infectivity ievel in brain (clinically BSE P50 P99
11 linfected bovine), colD50/g 5 100 copied from input data sheet, D1
12 [Sampled infectivity level, colD50/g 11.46 from istribution (mean disp.
Sample Number of Non-detected Clinical or Final-incubation Animals Entering
| BSE animals
Select country scenario (YIN)? min mode max
i3a {1 N [ 0.5 1 GBR Il country, no BSE detected,
i3b i} 4 30 99 GBR ilf country, BSE possible,
13¢ {IV) 100 300 1000 GBR IV country, BSE confirmed,
15 |Data for selected scenario SEL 1 20 [E] GHR M cauniry, B8 posaitile,
16 |BSE animals, per 1076 43.3 sampled from triangular distribution, mean dispiayed
Select type of surveillance (YIN)? sampled no. of animals
7 reliable surveillance N reliable surveillance
18 unreliable surveillance| Y 43.3 unreliable surveiltance
19 _INo. of non-d d animals entering 3 43.3 g afizhie survesdiance
5 le Number of Non-d i Pre-clinical Animais Entering
non-detected pre-clinical animals
Pick from country scenario selected min mode max
110 {1, N 2 3 4 copied from input dala sheet, D9
111 {in) Y 2 100 400 copied from input dats sheet, D10
112 (V)] N 200 1000 4000 copied from input data sheet, D11
113 {Data for selected scenario 2 100 400 sampled from triangular distribulion, above vaiues
114 {Non-d d clinical animals, per 106 167.3 sampled from triangular distribution, mean displayed
Determine Total Infectious Load for Infected Animals Entering
|infectious load iimits, and %age < 10% infectious load % < 10%
min max %
115 N 1% 100% 90% reliable surveillance
116 Y 1% 100% 50% liable surveiliance
117 |Infectious load for selected surveillance 1% 100% 50% urrstable survedilance
118 [Sampled infectious load (> 10% max load) 50.5% sampled from uniform distribution, above values
119 |% of animais > 10% of max. load 50% unreiiable surveiHance
120 |Total number of infected animais entering 211 =
121 {No. of animals > 10% of max. load 105.3 =
122 |Equiv. no. of animals with max. clinical ioad 53.2 =
min max
123 |infectious load for animals below 10%, % of max. 1.0% 10.0% copied from input dale shaef, Dxx
124 pled infectious toad (< 10% max load) 5.5% for animals < 10% of maximum load
125 {No. of animals < 10% of max. load 105.3 =120x 117c
126 |Equiv. no of animals with max. clinical load : 58 =[23x 24
Total equiv. no of animals with full clinical load, non
| 127 detected infected animals. per 106 animals 59.0 =122 + 126
Determine Probabhility of BSE infection
128 |Probability of BSE infection | 5.90E-05 | [=i27/10%6
Graph of Equivalent Animais with Full Clinical Load
BER 1 country, BSE possible, unreliable surveiljance
. Bl : o
100% - m 2.5% P25
90% ¥ 10.0% X P10
80% 20.0% X
70% 30.0% R
2 so% 40.0% 40,
T 50.70 P50
§ 50% :gn: 51 .70 {P50
5 o . .
a :g,//: [=—equiv. no. 70.07 ;: .
9/ - # mean A =
fﬁ.,’," ) : T peo o0 1i7.87_|Po0
o [o7s% | 15677 _|PoTE
0.1 1.0 10.0 100.0 1000.0 57.8% 58,95 _fmean
’ . no. of fully i Y imals, per million ’ 50.0% 50.70 median
- 14.5% 17.80 }mode
This graph reflects the equivalent number of fully infected animais for the country scenario in question, with associated probability levels. For example, there is a
90% probability that the equivalent number of fully infected animals is less than or equal to the value highlighted in green.
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Question

[0 What is the likelihood of getting at least one
infected animal/bird by importing commercial
pet birds from Taiwan to European Union?
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Harzard identification

[0 Several animal diseases (Al, ND...) listed by
OIE were identified because of posing primary
hazards associated with initiating trade in
animals and animal products from foreign
regions.

[J One of these diseases, low pathogenic avian

influenza (LPAI) is recognized as a hazard of
primary concern.

2010/10/1

Introduction of avian influenza (Al)

O Al is caused by an orthomyxovirus virus that infects
wild birds (e.g. ducks, gulls, and shorebirds) , domestic
poultry (e.g. chickens, turkeys, ducks, and geese) and
pet birds (such as canary and parrot) .

[0 Al are divided into two groups based upon
pathogenicity:

B |ow pathogenic (LP) Al
B highly pathogenic (HP) Al.

OO Definition of LPAI is following OIE definition (OIE,

2008).

2010/10/1 4
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Scenario tree

*The risk associated with at least one
infected animal by importing commercial

B

Disease presented?

[0 Disease status in Taiwan =

pet birds from Taiwan to European Union RN exﬁiﬁ;ﬁ'on B OIE disease report " AL
o D 0 3 H5N2 LPAI outbreaks were 7
Live | CPB detected | Lo2XPo"™? reported on 21 January 2010, v,
atinspection? = 8 February 2010 and 4 March g
Yes CPB
oo [ Commersial | mred? No 2010 respectively. Q =
Vo FIOT S _ ves B 1 broiler farm. g e
5 | oo = B 2 layer farms. azm
Isease No
present? JNO O Final report was reported on A
5 2 April 2010. The last event
No Risk was resolved.
2010/10/1 5 2010/10/1
Flock exposed? Commercial pet birds (CPB) infected?
I Disease control and [0 Birds were checked by clinical inspection.
surveillance: Yes. S
0 Assumption:
B Poultry were slaughtered. = g preac
: = egr B Yes ( prevalence: 20%), or
B Negative Al testing results 5 mae B ldentificati issed b ¢ subclinical
of surveillance. = . I ?nttl_ ication was missed because of subclinica
. = . Tavwan infection.
[0 Biosecurity of breeding <SRN O —
establishments: Good.

O Identification of individual
bird: No.

O Disease prevalence: 20%.

201071072 Information was from Taiwan government documentation

2010/10/1




CPB detected at inspection?

O All (50) breeding establishments for exportation were
registered.
B Two establishments applied for exportation of birds.
O Canary (1).
O Parrot (1).
0 Virological tests of Al were conducted on these
establishments every 3 months and before the export.

B 20 (oropharyngeal/cloacal or fecal) swab samples were tested.

O RT-PCR (Se: 91%; Sp: 98%)
0 Virus isolation (Se: 93%; Sp: 99% )
[0 Disease prevalence: 20%.

Information was from government documentation and papers =

2010/10/1

CPB detected at inspection (ont) ?

True +

True +

p=0.2 0.2
1-Se=0.09 1-56=0.07 Se 0.91 0.93
Bird infected? Sp 078 o2
False + False - n 20
p— 2
g=0.8 Test detected? False + N 0.77616
FN 0.00126
NPV 0.998379
NPV*n  0.968079
Sp=0.99 True - P=1 0.031921
P=1-(TN/(TN+FN))*n=0.032
2010/10/1 10

CPB for exportation quarantined?

[0 The birds shall be quarantined for at least 21
days before exportation.

O The birds are tested before the exportation
according to the requirement of importing

country.

Information was from government documentation
2010/10/1 11

Release Summary

O No new LPAI outbreak has been detected since last case
reported on 4 March 2010.

O Taiwan is able to effectively control LPAI in domestic flock
and has conducted intensified surveillance program for poultry
and pet birds (the results were negative for H5/H7 Al).

O The breeding establishments have good biosecurity system to
avoid contact.

O The diagnostic tests are good to work and the probability that
at least infected one of 100 birds intended to export is low.

O The birds shall be quarantined for at least 21 days before
exportation and tested according to the requirement of
importing country.

2010/10/1 12




Release Summary (cont)

0 The risk of introducing LPAI into
EU from the import of live pet birds

B

CPB for

Yes
= = exportation
from Taiwan is low. Sositve || auarantined?
No cPB
selected
Live CPB detected to export?)
at inspection? < Yes
Yes CPB
survived? No
Yes Commercial
—— pet birds (CPB) ‘
Yes infected?
Flock — Die
exposed?
Disease No
present? ‘@
l No
No Risk

2010/10/1

13

[d Thanks for your attention!

2010/10/1

14




09/2010

Introduction to Risk Analysis Workshop

09/2010 Introduction to Risk Analysis Workshop

The OIE and its Role in International
Trade

Presented by: Laurel Voelker, DVM
USDA/APHIS/ Veterinary Services

OIE-

World Organization for Animal Health

Formerly

“Office des International Epizooties”

09/2010

Introduction to Risk Analysis Workshop

Origins of OIE
International spread of diseases

Historically, diseases have spread across international borders

due to the movement of animals and animal products

09/2010 Introduction to Risk Analysis Workshop
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09/2010 Introduction to Risk Analysis Workshop

09/2010 Introduction to Risk Analysis Workshop

General Agreement on Tariffs and Trade
(GATT)

General Agreement on Tariffs and Trade (GATT)
Initiated following WWII

Provided “rules” for world trade as a “provisional and

agreement” organization from 1948-1994
Focus on tariff reductions

Still exists as “umbrella treaty for trade in goods”

Reference: Understanding the WTO: Training Module. accessible at www.

http://www.wto.org/ english/thewto_e/whatis_c/tif_e/tif_e.htm
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Origins of OIE
The need for international regulation

The 1920 Rinderpest outbreak in Belgium highlighted
the need to have an international body to regulate trade

in animals and animal products

In 1924 the Office International des Epizooties (OIE)

was created

28 countries

09/2010 Introduction to Risk Analysis Workshop

World Trade Organization

Came into effect January 1, 1995 as a result of Uruguay
Round of negotiations
Covers trade in:

Goods

Services

Intellectual Property

Reference: Understanding the WTO: Training Module. accessible at www.

http://www.wto.org/ english/thewto_e/whatis_e/tif_e/tif_e.htm
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World Trade Organization SPS agreement

A negotiating forum Agreement on the App]ication of Sanitary and Phytosanitary

Measures came into effect on January 1* 1995

A set of “rules” An annex of the agreement that created WTO

Agreements

To help trade flow as freely as possible Grace period for implementation ended on January1* 1997

A procedure for settling trade disputes Facilitates trade while protecting human, animal, and plant

health

e . Py L . Reference: Introduction to SPS Agreement Training Module, accessible at
Reference: Understanding the WTO: Training Module. accessible at www. °

) i http:/ /www.wto.org/ english/ tratop_e/sps_c/sps_agreement_cbt_e/cTs1p1_c.htm
http:/ /www.wto.org/ english/thewto_e/whatis_c/tif_e/tif_e.htm
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SPS agreement- Objectives

SPS Agreement

Allow members the sovereign right to maintain the level of
health protection they deem appropriate SPS Measures should be:

4 scientifically based
Ensure that measures are not unnecessary, arbitrary, v the least restrictive as long as they achieve the desired level of

scientifically unjustifiable, or disguised trade barriers protection
v non discriminatory

v consistent

SPS measures should not be used as unjustifiable barriers
to trade

Reference: Introduction to SPS Agreement Training Module, accessible at Reference: Introduction to SPS Agreement Training Module, accessible at
http://www.wto.org/english/tratop_e/sps_e/sps_agreement_cbt_e/clslpl_e.htm http://www.wto.org/english/ tratop_e/sps_e/sps_agreement_cbt_e/clslp1_e.htm




09/2010 Introduction to Risk Analysis Workshop 09/2010

SPS-Standard Setting Bodies

Plant health

Animal health

09/2010 Introduction to Risk Analysis Workshop 09/2010

OIE-

Focuses on animal health in international trade
Maintains a list of animal diseases that are important in
international trade
Sets standards
Specific diseases
Processes and procedures
Disseminates information reported by members
Disease outbreaks

Biannual reports

Introduction to Risk Analysis Workshop

THE OIE Today

WTO recognized body for standard setting in animal health

177 member countries

Introduction to Risk Analysis Workshop

OIE-

Does NOT assign disease status (except 4 specific diseases)
Approves reference laboratories

Shares information and research
Disease cards
Scientific and Technical Review

Specialty publications




09/2010 Introduction to Risk Analysis Workshop 09/2010 Introduction to Risk Analysis Workshop

Developing and Revising OIE Standards Terrestrial Animal Health Code and
Aquatic Animal Health Code

New/revised standards drafted by groups of independent The Codes aim:

experts from all regions. to assure sanitary safety of international trade in terrestrial

animals and aquatic animals and their products.

Draft texts circulated to OIE Members for comments.
to detail animal health measures for establishing regulations for

safe importation of animals and animal products.
Resubmitted to OIE Members for adoption at the annual

OIE General Session.

to protect against pathogenic agents without

imposing unjustified trade restrictions.
2 year process

Reference: OIE. The I na production and implementation Reference: OIE. The I tandards of OIE. Health Standards: production and implementation [cited 2010 July]; Available from:
[cited 2010 July]; Availe http:/ / www.oie.int/eng/en, m. hetp: / /www.oie.int
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OIE Listed Diseases-Terrestrial
Criteria for OIE Listed Diseases*

Species Group Number of Listed Diseases

Listing of diseases is based on: Multiple Terrestrial Species

. Apidae
International Spread

Aves

Zoonotic potentlal Bovidae

Morbidity/ mortality among naive populations Equidac

. . Lagomorpha

Emerging diseases
Ovidae/ Capridac

Suidae

tic Code, Chapter 1.2, Article 1.2.1 Total
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OIE Listed Diseases-Aquatic

Species Group Number of listed diseases

Amphibians

Crustaceans

Introduction to Risk Analysis Workshop

Sheep and goat pox
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Cong‘g pus bovine

-.\-‘ : --}-:-“ ‘pleuropneumonia (CBPP)

S

09/2010 Introduction to Risk Analysis Workshop

African horse sickness
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New world screwworm

Amblyomma
variegatum/Heartwater
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What does OIE say about risk analysis?

Member countries may authorize imports into their territory
under conditions that are:
In Terrestrial / Aquatic Animal Health Code (AHC)

Less stringent than the AHC

MORE stringent than the AHC, if:

ence: OIE. Terrestrial Animal Health Code. [cited 2010 July]; Available from: http: / /www.oie.int/eng /normes/mcode
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Koi Herpesvirus
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OIE Risk Analysis Framework

Terrestrial Animal Health Code, Section 2

Slightly different version for aquatics

Details import risk analysis, but applicable to:
Domestic diseases

Introduction and spread
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OIE Risk Analysis Framework

09/2010
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THANK YOU!

Veterinary Services




09/2010 Introduction to Risk Analysis Workshop

Veterinary Epidemiology and Public

Policy

Katie Portacci, DVM, MPH, DACVPM
Team Leader, Risk Analysis
USDA- APHIS- VS- CEAH

09/2010
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Key provisions of SPS

Harmonization

Equivalency Transparency

Regionalization Risk Analysis

09/2010 Introduction to Risk Analysis Workshop

09/2010

Introduction to Risk Analysis Workshop

e

Veterinary Epidemiology

population
* Assumes that disease does not occur in a randomly

® Identify causal relationships between potential risk factors and outcomes

such as disease or productivity losses

® Describes the interaction of the host—agent—environment

relationship

We must understand the epidemiology of a disease in order to
assess risk, control spread, conduct surveillance, etc.

o

® The study of the distribution and determinants of disease in a

a

Regionalization

° Previously the presence of a disease in a country meant that

the entire country was considered infected

¢ The concept recognizes that zones within a country can be

recognized as free from disease

® Zoning applies to an animal subpopulation defined primarily
on a geographical basis (using natural, artificial or legal

boundaries).
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/

Compartmentalization

® Recognition of production systems with different health

status

* Compartmentalization applies to an animal subpopulation
defined primarily by management and husbandry practices
related to biosecurity.

09/2010
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BIOSECURITY
BORDER
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Free

Not Free

09/2010
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a

Role of epidemiology in regionalization

® Demonstrating disease freedom

* Survey design

Understanding the distribution of disease

Interpretation of diagnostic tests

® Se, Sp, predictive values
¢ Herd level Se and Sp

Link with risk analysis
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s
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a

Risk assessment Role of epidemiology in risk analysis
® The evaluation of the likelihood of entry, establishment or ® Animal health risk analysis cannot be done without
spread of a pest or disease and of the associated potential epidemiology
biological and economic consequences ¢ Understanding of the means of transmission of disease
SPS Agreement ® Pathways for disease introduction
® Effect of mitigation measures
J \ %
09/2010 Introduction to Risk Analysis Workshop 11 09/2010 Introduction to Risk Analysis Workshop 12

Harmonization

® The establishment, recognition and application of common

sanitary and phytosanitary measures

® International standards

/

Role of epidemiology in harmonization

* Development of international standards
e Criteria for disease freedom

* Example Rinderpest
® Definition of sampling units
e (Criteria for stratification

e Sample sizes

95% probability of detecting evidence of rinderpest if present at a
prevalence of 1% of herds or other sampling units and 5% within herds or
other sampling units
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Equivalence Role of epidemiology in equivalence
® Recognition that different SPS measures may achieve similar ® Develop methods to compare the effect of mitigation
results measures
® Develop criteria to define the appropriate level of protection
* Allows for flexibility in the organization of veterinary ® Focus on outputs rather than approaches
services, surveillance systems, etc.
09/2010 Introduction to Risk Analysis Workshop 15 09/2010 Introduction to Risk Analysis Workshop 16

Equivalence of surveillance systems

Surveillance component Sensitivity (SE) of each component

Country A Country B Country C
Passive surveillance 0.6 0.7 0.6
Survey 0.95 0.90 0.73
Slaughter surveillance 0.75 0.75 0.5
Overall system SE 0.995 0.992 0.947

1-((1-SE1)*(1-SE2)*(1-SE3))

Transparency

* Countries must notify WTO of changes in SPS measures
that may have a significant effect on trade

® The concept applies also to the way SPS measures are
adopted

e Scientific basis

® Discase reporting
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Role of epidemiology in transparency

® Disease reporting is the basis for trust

® Discase surveillance systems are the basis for good disease
reporting
® Passive surveillance

e Active surveillance

09/2010
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a

The challenge

SPS measures under the
spotlight

Increasing demands on the
veterinary infrastructure
Need to demonstrate the
animal health status

Effective surveillance systems
and control measures central

to the process

However...

Reduction of public spending
Veterinary services often not
top priority

Decreasing budgets for
veterinary services

Weak infrastructures

Difficulty to obtain funding

for surveillance

09/2010
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Conclusions

® The SPS Agreement has changed the way in which trade
decisions related to agricultural products are made

® Many countries still face implementation problems

° Epidemiologists play a central role in achieving
compliance with the SPS Agreement
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USDA 22t B
— — Vefermargz Serf'lces
— | e\

Introduction to Risk
Analysis

Barbara Corso, DVM, MS, Dipl ACVPM
USDA, Animal and Plant Health Inspection
Service, Veterinary Services

Centers for Epidemiology and Animal Health

Concepts
e

e What is risk?

e What is risk analysis?

e What is risk assessment?

e Risk analysis process

09/2010 Introduction to Risk Analysis Workshop

What is Risk?
C ]

e the likelihood of the occurrence and the likely
magnitude of the biological and economic
consequences of an adverse event to animal
or human health in the importing country

during a specified time period
- OIE Terrestrial Animal Health Code 2008

09/2010 Introduction to Risk Analysis Workshop

Present everywhere
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Elements of Risk
]

e Probability (likelihood or chance) of an
adverse event (the hazard)

e Consequences (or impact)
e Uncertainty

e Ability to manage

o (Benefit)

09/2010 Introduction to Risk Analysis Workshop

Reactions to risk
C

e Known risk - well-known; direct evidence

Reactions to risk based mainly on instinct,
experience, evidence and judgment; usually low
uncertainty

(e.g., rock climbing)

e Perceived risk — not well known; no agreement

Reactions to risk based mainly on emotions, trust,
beliefs, and judgment; usually high uncertainty

(e.g., irradiated food)

09/2010 Introduction to Risk Analysis Workshop

If in doubt, . Don’'t have a
keep it out Risk clue? Let it

Analysis I
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What is risk analysis?

e Organized way to answer those
three questions...

and also

e What can be done to change
the risk?

e Who do we need to inform?

e \What do we need to tell them? How do we
best do that?
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And risk analysis is...

|
e the process composed of

- Hazard identification,

- Risk assessment,

- Risk management, and
- Risk communication

e OIE Terrestrial Animal Health Code 2008

09/2010 Introduction to Risk Analysis Workshop

10

Why do one?
|

e Provide guidance when a decision needs to
be made
- Risk related to trade
e Import or export of animal or product

- Risk related to domestic diseases
e Eradication or control program beginning, ending or
changing direction
- Risk related to introduction or spread
e Change in regulations
e Change in recommendations (i.e., vaccination)

09/2010 Introduction to Risk Analysis Workshop

11

When to do one?
C ]

e When contemplating change to way of doing
business

e When importing a new product or species

e When importing from a new country or zone

e When the health status of a country or zone
changes

e During the process of regionalization

e To promote the export of commodities

09/2010 Introduction to Risk Analysis Workshop

12

Risk Analysis objectives
|

Increased understanding/agreement
Promote dialogue and transparency
Identify uncertainty & research needs
Encourage consistency

Share resources, including information
Meet international obligations

Better decisions!
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Risk Analysis should:

e |dentify hazards

e Characterize risks

e Recognize uncertainty
e Summarize conclusions
e Recommend options

e Document the basis for
recommendations or decisions

09/2010 Introduction to Risk Analysis Workshop

Risk Analysis in Animal Health

® Could the event happen?
: * How?
Risk Assessment
* How likely is this?

* What are the
consequences?

* What could go wrong?

® Conveys results:

Risk Communication *Parties involved
*Policy makers

Risk Analysis

l « Transparency

* Makes decisions based on:
Risk

Risk Management

Economics

Other impacts

« Offers alternative solutions

09/2010 Introduction to Risk Analysis Workshop

What is hazard identification?
C ]

e |dentification of source for potential damage,
cause of adverse event

e |dentify pathogenic agents associated with
the product

e Determine diseases / agents present in the

exporting country or zone; validity of SPS
measures

e Establish priorities

09/2010 Introduction to Risk Analysis Workshop

16

Hazard and risk
]

e Hazard is inherent to the product or activity

e Risk is an indicator of the combined
importance of the likelihood and
consequence of an “undesirable event”
which could bring out the “hazard” in a way
that could adversely impact the risk receptors
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What is risk assessment?
]

Evaluation of the likelihood of entry,
establishment and spread of a disease and
the associated potential biological and
economic consequences and its impact on
public health

09/2010 Introduction to Risk Analysis Workshop

18

Risk assessment ...
C ]

e Part of a risk analysis...

e Consists of

- Release assessment

- Exposure assessment
Consequence assessment
- Risk estimation

e Different types

- Qualitative
- Quantitative

09/2010 Introduction to Risk Analysis Workshop

19

Risk assessments need to be...
.

e Consistent

e Scientifically based

e Flexible

e Transparent

09/2010 Introduction to Risk Analysis Workshop

20

Pros and cons of types
|

Advantages Faster, Notion of the probability of
Applicable to a broader
scope of circumstances More information for decison-
Does not run risk of creating  making

a false impression of

precision

But Less satisfying, less precise =~ Requires more time,
Does not provide a numerical Requires good quality
probability of occurrence of quantitative data,
an adverse event, Not possible to apply in all
Less precise information for  jr.cumstances
decision-making

occurrence of an adverse event,
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Process:
Risk Analysis consists of

- Hazard identification,

- Risk assessment,
e Release assessment
e Exposure assessment
e Consequence assessment
e Risk estimation

- Risk management, and
- Risk communication

09/2010 Introduction to Risk Analysis Workshop

22

Release assessment
C ]

e Describes possible pathways for the
introduction of a disease agent into new area
- Biological factors
- Country factors
- Commodity factors

Requires good data, in a variety of areas
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Exposure assessment
|

e Describes the pathways leading to an
outbreak

- Volume, use, expected distribution of the
commodity

- Density and distribution of susceptible animal
populations

Immunity
Vectors
Seasonality

e Must define “outbreak”

09/2010 Introduction to Risk Analysis Workshop

Scenario tree

—m

yes Susceptible
species
exposed?
e Survives o
c processing? o m
ves o Detected at
inspection? m
no

yes .
animal Py
c infected? ves m

o o L ——eommm

infected? no

-
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Consequence assessment

e Direct consequences

- Production losses caused by disease or death of
animals

- Public health consequences
- Cost of control and eradication ****
- Compensation ****
e Indirect consequences
- Trade losses (domestic and international)
- Environmental consequences

09/2010 Introduction to Risk Analysis Workshop

26

Consequence

Release assessment assessment

Exposure assessment

Exporting country Importing country

09/2010 Introduction to Risk Analysis Workshop
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Risk estimation

e Integration of the results from:
- Release assessment
- Exposure assessment
- Consequence assessment

e Qualitative or quantitative?

- What is the risk?
- How do events rank relative to each other?

09/2010 Introduction to Risk Analysis Workshop
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Risk estimation - quantitative

Not a point estimate but a range
of probabilities

The result reflects variability and
uncertainty

PROBABILITY

RIPC PRI R

Prob of Value <= X-axis Value
o
o

0.03
45
o
7
o
o
1
3
1
6!
1
9
2
0.225
0.24
0.255
0.27
0.285
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Risk estimation - qualitative
|

e In methodology
- Need to define terms — negligible, low, medium,
high
- Should address uncertainty in some way
e Report results as outlined in methodology

e Clearly, understandably

09/2010 Introduction to Risk Analysis Workshop

30

Risk communication
C ]

e Often assumed to be important after
assessment is done and decisions are made

e But is also important throughout the process

e Two way communication between assessors
and other interested parties
- Listen as well as speak

09/2010 Introduction to Risk Analysis Workshop
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Principles of risk communication
G

the process by which information and opinions
regarding hazards and risks are gathered from
potentially affected and interested parties during
a risk analysis, and by which the results of the risk
assessment and proposed risk management
measures are communicated to the decision-
makers and interested parties in the importing and
exporting countries. It is a multidimensional and
iterative process and should ideally begin at the start
of the risk analysis process and continue throughout.

09/2010 Introduction to Risk Analysis Workshop
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Risk communication
C ]

e Can include

- Information acquisition from stakeholders,
including risk perception and priorities from their
points of view

- Information exchange, delivery of results with and
to decision makers

- Information to stakeholders describing how risks

were assessed and decisions made, and plans for
how risks will be controlled and monitored
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Risk communication
]

e Explain in terms of components
- Methods
- Inputs
- Assumptions
- Uncertainty

09/2010 Introduction to Risk Analysis Workshop

Risk Communication
C

Official Sector

Decision making body

Beneficiaries

importers, consumers,

producers Risk recipients

producers, general public

09/2010 Introduction to Risk Analysis Workshop
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Risk communication
]

e Different stakeholders may have different
views and concerns about different pieces

e Different stakeholders may face different
components of the risk
- One group may experience the impact if it goes
wrong, another may has more influence over the
likelihood, and a third affected by response

09/2010 Introduction to Risk Analysis Workshop
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Risk management
G

e the process of identifying, selecting and
implementing measures that can be applied
to reduce the level of risk
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Risk management
]
e Risk evaluation

- Appropriate level of Protection
- Do we need to do something about the risk?

e Option evaluation

- Evaluate

- What mitigation is appropriate?
e Implementation
e Monitoring and review

OIE Terrestrial Animal Health Code, Article 1.3.2.6

09/2010 Introduction to Risk Analysis Workshop
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Risk management questions
G

e \What can be done to eliminate or reduce the
hazard?

e How effective are the options?

e How feasible are the options?

e \What impacts do the options have?

e What is the level and type of uncertainty?
e What is the best option? Why?

09/2010 Introduction to Risk Analysis Workshop
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Risk management
G

“Members shall ensure that any sanitary or
phytosanitary measure is applied only to the
extent necessary to protect human, animal or
plant life or health, is based on scientific
principles and is not maintained without
sufficient scientific evidence...”.

09/2010 Introduction to Risk Analysis Workshop

40

Recognizing Uncertainty
.|

e Natural variability

e Missing information

e Vague information

B o Conflicting information
e Dated information

| e Incorrect methods

F—— Errors
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Variability and Uncertainty

e Variability is not reduced with more or better
information

e Uncertainty may be reduced:

Modeling or measurement errars,

Gaps in information
Out-of-date information

Incorrect assumptions

09/2010 Introduction to Risk Analysis Workshop

RA getting started
.

e Clarify the objective, scope, customer

e Understand the audience and intended use of
the final product

e Agree on a work specification to meet the
expectation for the product:
- Time (urgency, complexity)
- Cost (personnel, funding, other resources)
- Quality (thoroughness and transparency)

09/2010 Introduction to Risk Analysis Workshop

What makes a good Risk Analysis?

e Meets the specified need
- Timing
- Quality
- Comprehensiveness

e Objective, unbiased treatment of evidence
e Well-organized and easy to read

e Clearly links evidence to conclusions

e Describes uncertainty

09/2010 Introduction to Risk Analysis Workshop

Risk analysis and decision making
|

e Risk analysis is about using the results
Informing prior to decision

Making a decision

Supporting that decision

Implementing it
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Risk analysis and decision making But also remember...
| .|
e Get to the point e Risk analysis is one piece of input
e Deliver your message in 30 seconds! e Others may be social, political
- Charts and graphs are good - Industry interests
- Fill in details after that - Public interests
- Budget realities
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Describe the concern which has created the
need. Understand the background and
expectations. S u m m a ry

Identify E_stlr_nate the Estimate the magnitude DR concl_usmns
likelihood of and describe

hazard(s of the consequences ;
occurrence uncertainty

Risk Assessment

Mitigation Risk
requires requires
Risk Management assessment mitigation

Evaluate mitigation options for:

-Efficacy Identify mitigation
-Feasibility options

-Impacts

- ’ Evaluate recommendations against the current
Decisionmaking . -
environment and values to select an option.

Develop recommendations
and describe uncertaint

e Risk analysis reduces subjectivity
e |t provides a documented process
e And, along with other input...

e Allows a more informed decision making
process

But:
e Requires training, good quality data
e and good communication




09/2010 Introduction to Risk Analysis Workshop

PROPERTIES OF
DIAGNOSTIC TESTS

09/20
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Prevalence studies

® Determine the frequency and
distribution of an infectious agent

® Frequently by measuring antibodies
® Problem: false positives and false

negatives
Cristébal Zepeda. Centers for Epidemiology and Animal
Health USDA-APHIS /Animal Population Health Institute,
Colorado State University
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Screening tests Properties of tests
® Used to distinguish apparently healthy ® Accuracy
animals from infected animals ® Sensitivity (Se)
® Specificity (Sp)

® Usually, a confirmatory test is required
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Classification
of results

Reality

Not
Infected infected Total

TP FP

FN

09/2010
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Test

True prevalence

® Proportion of animals that are truly
infected

Infected

infected Total

I+
™ FP
FN = = N

1+

Classification
of results

reality
not
infected infected Total

18 15 33
T+
78 116
TN T-
93 14
|- N

TP FP

09/2010
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test

Apparent prevalence

® Proportion of animals positive to the

T+
N
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Classification
of results

reality
not
infected infected Total

18 15 33
TP FP T+
38 78 116
FN TN T-
56 93 149
I+ l- N

09/2010
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Accuracy

® Proportion of animals correctly
identified by the test

TP + TN
N

10
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Sensitivity (Se)

® Probability that a test correctly
identifies infected animals as positive

TP
I+

I+=TP +FN

11
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Classification
of results

reality

not
infected infected Total

18 15 33

TP FP T+
78 116
TN T-
93 149
I - N

12
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Specificity (Sp)

e

® Probability that a test correctly
identifies NON-infected animals as
negative

TN
I-

I-=TN + FP

09/2010 Introduction to Risk Analysis Workshop

Classification
of results

reality
not
infected infected Total

18 15 33
TP FP T+
38 78 116
FN TN

56 93
1+ I -

09/2010

Introduction to Risk Analysis Workshop

Positive predictive value
(PV+)

® Proportion of test-positive animals that
are truly infected

TP
T+

T+=TP +FP

09/2010
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Negative predictive value
T (PV-)

® Proportion of test-negative animals that
are truly not infected

IN
T-

T- = TN + FN
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reality
not
infected infected Total

18 15 33
TP FP T+
38 78 116
FN TN T-
56 93 149
I+ l- N

Classification
of results

09/2010
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Effect of prevalence on the
predictive value

Se and Sp =95%

09/2010 Introduction to Risk Analysis Workshop

Effect of prevalence on the
; predictive value

Predictive value
%

Prevalence %

09/2010
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Relationship between PV+
and specificity

PV +

Specificity %
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Relationship between PV-
and sensitivity

09/2010 Introduction to Risk Analysis Workshop

Choosing a test

Use a test with high Se and high PV-
to:

BY-- ® Reduce the number of false negatives
® Avoid the introduction of a disease
Sensitivity % !
Choosing a test Testing in series

Use a test with high Sp and high PV+ to:

® Confirm a diagnosis
® Avoid the unnecessary slaughter of animals

7\

® The results of all tests must be positive

® A second test will only be applied if the
result to the previous test was positive

® You wish to increase specificity (Sp)
and the positive predictive value (PV+)
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Testing in parallel

® The results of all tests must be negative

® A second test will only be applied if the
result to the previous test was negative

® You wish to increase sensitivity (Se)
and the negative predictive value (PV-)

09/2010
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Test batteries

® Apply all possible tests

® The greater number of tests, the greater
probability of a false positive

09/2010 Introduction to Risk Analysis Workshop
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Conclusions

® Before interpreting test results:

® Know the characteristics of the test

® Know the epidemiological reality you
are dealing with

® Accept that 100% accurate test does
not exist

09/2010
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SDA

US

=
APHI
a‘ PATHWAY ANALYSIS

\

Barbara Corso, DVM, MS, Dipl ACVPM

USDA, Animal and Plant Health Inspection
Service, Veterinary Services

Centers for Epidemiology and Animal Health
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WHAT IS PATHWAY ANALYSIS?

“A pathways analysis is a systematic assessment of
the ways in which an exotic disease agent might
enter a country or region and establish an outbreak
or persistent focus of disease, and an assessment of
the quality and reliability of the relevant data for
each arm of the pathway.”

Vete[in}:@&wices Risk Analysis Team USDA APHIS v
s "77:;;{‘\3"?;;" |~y —_— VeterinarzServices
09/2010 Introduction to Risk Analysis Workshop 09/2010 Introduction to Risk Analysis Workshop
PATHWAY ANALYSIS CAN BE ORGANIZED
PATHWAY ANALYSIS
By pathogen (FMD, CSF, ...)
: : N : : By transportation route (passenger
Exporting Region . Importing Region baggage, truck, train.. )
N\ a . .
T % f&__» i s VA By product (frozen meat, live animals,
& :
s — -~ other)
Or any combination of the above
t t t Will consider all the same factor however
you organize it...
/ /
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PATHWAY ANALYSIS—

Select the pathogen, route, and product
Degree of threat to the importing region
Degree of occurrence (prevalence) in the exporting region
Describe how the pathogen can move from the exporting
region to the importing region
Movement path should be biologically reasonable
Determine probabilities of the pathogen moving along the
steps of the pathway
The final probability should fit with experience
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PATHWAY ANALYSIS (MOVEMENT)—

How can the pathogen move from the exporting
region to the importing region?

Movement patterns and volumes from exporting
region to importing region
Movement types (air, sea, land)
Movement methods (containers, break—bulk)
Movement volumes (amount over time)
Illegal or improper movements
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PATHWAY ANALYSIS (SURVIVAL)—

How well can the pathogen survive (or thrive) during
transport from the exporting region to the importing
region?

Pathogen survival (or spread) during movement

Animal or product production methods (canned, fresh,
dehydrated, ...)

Time in transit (how long to get from the last point of exposure
to the first point of exposure, ...)

Physical conditions (temperatures, shipping and packing
materials, ...)
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PATHWAY ANALYSIS (RISK) —

How likely is the pathogen to move along the steps of
the pathway?

Assign a probability to the likelihood

Probability estimates should be based on observed
cases or information (if possible)

Subjective probability estimates should be justified
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PATHWAY ANALYSIS (MITIGATIONS)—

How well do mitigations reduce the risk?

How much do they reduce the risk at a particular point
in the pathway?

Cleaning and disinfection measures
Additional processing

Quarantines

Export certificates
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A PATHWAY MAY BE PRESENT IF

The disease agent exists somewhere in another
country or region, and exports from that
country or region may result in an outbreak

The agent may cross the country/regional
border, whether in imported livestock, produce
or other goods, tourist baggage, air or water, or
due to intentional release, or other route

The agent may reach a susceptible host in the
new region or country, within the agent
survival time
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DESCRIBING THE PATHWAY:
GENERAL INFORMATION NEEDS— SCENARIO TREE
Biology and epidemiology of the disease
Characteristics of the disease agent nitial
Routes of entry into the country or region er:/IeIr?t ves
Routes of exposure to the country/region’s livestock :
industry Importation Disease
comn‘:ircial present?
pet birds
from
country x m
USDA ﬂ/v‘f Veterinafy Services USDA 52“/_—,'-!: Veterirbf@%rvices
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SCENARIO TREES

Initial
event

Importation
of
commercial
pet birds
from
country x

APHIS
USDA 2%

yes
—0
ves Birds
(pet)
exposed?
Disease —@ m
present? no

-
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SCENARIO TREES

Initial
event

Importation
of
commercial
pet birds
from
country x

yes
—0
ves P Bird infected?
yes -
Pet Birds e
exposed? o m
Disease —0 m
present?

no

-
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SCENARIO TREES SCENARIO TREES
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PATHWAY ANALYSIS (SCENARIO TREE)

—> Air Transport
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No Risk
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FRAMING THE QUESTION LLETS TRY ONE......

What is the likelihood that the Pest/Agent will be Country of import
introduced to an unaffected population/region Country of export

. o
from an affected population/region’ Agent of concern

Commodity carrying agent
Population at risk
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Surveys and sampling

Basic criteria

Cristébal Zepeda. Centers for Epidemiology and Animal
Health USDA-APHIS /Animal Population Health Institute,
Colorado State University
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Definition

Survey

Epidemiologic study to determine
population characteristics from a
representative sample
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Advantages and disadvantage

Advantages Disadvantages |
# Inference of reality @ Always have a margin
without examining the of error
entire population
@ May lead to

erroneous conclusions
if they are not well
designed

@ Cost

@ Have a demonstrable
statistical basis
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Terminology

®Population at risk
@ Study population

@ Sampling frame

@ Sampling unit

@ Sampling fraction
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Sampling methods

@ Simple random sampling

@ Systematic random sampling
@ Stratified random sampling
@ Cluster sampling

@ Multistage sampling
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Stratified
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Stages

.H

Random selection in each group

09/2010

Populations

@ Populations are dynamic

®Population structure affects
disease distribution

® Important to define the population
at risk

O o %
Populations Sampling objectives
Types: Determine prevalence Determine presence
or absence
® Separate ® Contiguous @ Larger sample size M sSir;ealler' sample
= open # Allows to estimate ¢ Only allows to
= closed the proportion determine if
affected disease is present
® More expensive or not
@ Cheaper
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Prevalence
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Presence or absence
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Examples
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Qualitative Risk
Assessment: Screwworm

Barbara Corso, bvMm, MS, Dipl ACVPM
USDA, Animal and Plant Health Inspection
Service, Veterinary Services

Centers for Epidemiology and Animal Health

Methodology 1. what risk(s) are

we assessing?
.

Risk Assessment: Introduction of
New World Screwworm into the
United States, Mexico, and
Central America from the
Caribbean
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In more detalil....
]

e The purpose of this analysis is to determine
the current risk of introduction of New World
screwworm (NWS) into the United States,
Mexico and Central America from the
affected countries in the Caribbean.
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Methodology 2: Organization
|

e Hazard analysis
- Characterize hazard

e Then four parts of assessment:
- Release assessment,
- Exposure assessment,
- Consequence assessment,
- Risk estimation
e Ended there - Risk Management and Risk

Communication are part of analysis, not
assessment
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Methodology 3: type of risk
assessment and terminology

Risk assessment terms and
definitions

* Qualiaive or quaniative? _Tem pewon
°® |mp0rtant terms and definitions Negligible So rare that it does not merit
. . consideration
e For quantltatlve - Acceptable Level Of Very Low Very rare but cannot be excluded
Protection
. . . . . Low Rare but does occur
e For qualitative — define qualitative terms
Medium Occurs regularly
High Occurs very often
Very High Events occur almost certainly
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Low

Medium

High

Uncertainty terms and definitions

The data available are solid and complete.
Multiple published references or reliable
databases and records are available.
Different sources are generally in
agreement.

Some, but not complete data are
available. A small number of published
references or reliable databases and
records are available. If personal
communication or anecdotal evidence is
used in combination with published
information, then it is from multiple reliable
sources that are generally in agreement.
No published data are available. The only
evidence is in the form of personal
communications, anecdotal reports, or
unpublished data.

Hazard Identification
e

e Describe pathogen, hosts

e Symptoms of infestation

e Lifecycle and environmental needs

e Diagnosis, treatment and control
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New World Screwworm

e Cochliomyia hominivorax

e Obligate parasite of warm blooded animals
during its larval stages

e Eat live tissue

e Most cases result in production losses,
secondary infections and weight loss

e May cause death within 7-14 days, from
toxicity and / or secondary infection
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0s/k7576-1.htm
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Figure 1: NWS Affected and Free Countries

-y

RN i
Hhe Bél}k:“.ms \tlantic Ocenn
Gulf of Mexico 5.
L] Turks & Caicos
o
Cayman Is PuertoRico Anguilla
Jamiica - [, wAniian &
- & Barbuda
St Kitts & Nevi Ve micuns
Caripoery S Dominica¥
W Martinique
St Luciad
4 »Barbados
< Ur‘.‘l\.’ldil
Darien Province etherlands Antilles
Pacific Ocean (Panama) = - = e
7= Trinidad &

Tobago

Legend
Screwworm Status:
B M Workd Screwwom Caribbean Affected

09/2010

Introduction to Risk Analysis Workshop

12

Release and Exposure factors

e Release and exposure for all pathways

- General discussion of release

e Likelihood that imported commodity will contain the
hazard and bring it to the importing country

e General sketch of how that could happen

- General discussion of exposure

e How susceptible hosts in importing country would be
exposed

e Define “outbreak”

e General environmental requirements, host distribution,
requirements for fly to infest, etc.
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Release, Exposure, and Risk
Estimations

e From general to specific

e For each pathway
Describe pathway
- Estimate likelihood of release

If likelihood of release is not negligible, estimate
likelihood of exposure

Justifications outlined for each pathway

09/2010 Introduction to Risk Analysis Workshop
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Livestock pathway - release
e

e Discussed epidemiology in domesticated
livestock
- Ininfected Caribbean countries
- Past incursions anywhere attributed to domestic
livestock
e Legal imports
- Volume of imports

Livestock are common hosts of NWS larvae, but livestock movements between the
affected Caribbean countries and the free region are very infrequent. No past
incursions are linked to livestock from the Caribbean.

For countries in the free region that do not import livestock from the affected NWS
countries, the risk of NWS release via livestock is negligible. For the countries that
do import livestock, the risk of a NWS incursion release due to livestock is
considered very low (very rare but cannot be excluded). The uncertainty surrounding
this estimate is low
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Livestock pathway - exposure
.|

e Required mitigations
e Likely destination (areas with other livestock)
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The United States is the only country that has imported more than one livestock animal
from the affected area in the past three years, and U.S. mitigations for detecting and
eliminating NWS infestation on an imported animal are effective. Although imported
livestock are likely to go into an area with many livestock hosts, much of the United
States is an unsuitable environment for NWS for at least part of the year, and imported
animals are likely to receive prompt veterinary care.

The risk of exposure of a native host to NWS due to an incursion on legally imported
livestock is very low (very rare but cannot be excluded), with low uncertainty.

09/2010 Introduction to Risk Analysis Workshop
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Pathway release and exposure risk
determinations

Legally Imported Mammalian Livestock Very Low to Negligible Very Low to N/A
llegally Imported Mammalian Livestock Very Low Very Low
Domestic Mammalian Pets (Dogs and Low Very Low

Cats)

Humans Very Low Very Low

Exotic Mammals (research, wildlife, Negligible N/A

exotic pets, zoo animals)

Legally Imported Poultry Very Low to Negligible Very Low to N/A
Legally Imported Non-Poultry Birds Very Low to Negligible Very Low to N/A
Migratory Birds Negligible N/A

Smuggled Birds Very Low Very Low
Conveyances Negligible N/A

Hides and Skins Negligible N/A

Fly dispersal Negligible N/A
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Consequence Assessment: for all
pathways

e
Biological

Range from incursion with no outbreak to

domestic cases with many susceptible hosts

exposed; could involve domestic animals, wildlife,
humans

Historical evidence — no outbreaks confirmed
from Caribbean

- Most likely outcome of incursion would be no
domestic outbreak

But there is a chance of an outbreak
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Consequence Assessment
G

Economic

- Even without outbreak, economic consequences:
costs associated with identification, surveillance,
administration, for example.

- Small outbreak: add clinical examination of potentially
exposed animals, treatment of affected hosts and
contaminated environment, surveillance to
demonstrate freedom

- In case of a larger domestic outbreak, could escalate
up to full response including implementing emergency
task force, release of sterile flies
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Risk estimation - summary
.|

In summary, the consequences of an NWS incursion may be biologically and
economically severe. However, the most likely consequence - an incursion not
followed by an outbreak — would result in health consequences for the imported
infested host only, and would result in economic consequences related to
investigation only and limited control measures. All potential pathways for NWS
introduction from the affected countries into the free region were examined. Of the
12 pathways considered, 5 posed negligible risk of release, 6 posed very low risk of
release, and 1 pathway, pet mammals, posed low risk of release. For all pathways
with a greater than negligible risk of release, the risk of exposure (defined as
infestation of one native host in the free region) was very low. Overall, the risk of
NWS introduction into the free area from the affected countries is low.
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Risk Communication
C ]

e Results communicated to customers
- Detailed written report
- Verbal report as well

e Also presented to screwworm researchers
and program personnel at a meeting in
Panama
- Presented in person by one of project leads

09/2010 Introduction to Risk Analysis Workshop 2

Questions?
.|
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RISK ASSESSMENTS FOR DOMESTIC
REGIONALIZATION

Katie A. Portacci, DVM, MPH, DACVPM
USDA-APHIS-VS-CEAH-Risk Analysis Team
With Chris Kopral and Ryan Miller

Veterinary Services

USDA
—:_ AsTBR :(

Outline

What a zone/region? (OIE’s definition)
Applications domestically
Containment zone example
Eradication zone example

Conclusion
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Zone/region

a clearly defined part of a territory

e containing an animal subpopulation with a
distinct health status

with respect to a specific disease

for which required surveillance, control and
biosecurity measures have been applied

for the purpose of international trade

OIE-2010 Terrestrial Animal Health Code, Chapter 4.3
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Example of a region

Bluetongue

http://www.warmwell.com/bluetongueall.html (updated: April 30, 2010, accessed: May 13, 2010)
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Uses of regions domestically

* Improve trading opportunities
* Improve resource allocation

Two Types:
* Disease containment
— Rapidly reduce disease spread
* Disease control or eradication

— Establish risk-based surveillance
— Focus control efforts
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Disease Containment Regions:

* Responding to an outbreak

* Pre-determined region size through an
emergency response plan

* Mitigation measures dependent on agent of
concern
— Stop movement
— Vaccination
— Cull

09/2010

Introduction to Risk Analysis Workshop

Political boundaries

Arkansas

Mississippi

Guif of Mexico
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Risk Radius

Arkansas

Mississippi

Gulf of Mexico
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Disease Control or Eradication

Grids :
Regions:

* Long-term regions

* Specific boundaries based on the region and
agent (must be enforceable)
— Geographic

P ISSIES PRI

— Political
— other

* Mitigation measures used to maintain
boundaries

Guif f Mex, co
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How to establish control or

eradication regions Eradication Region Example I: bovine TB

— Is the problem justified by geography? }\ |United States Tuberculosis Zone Status|
— Is all disease agent contained in the livestock population in the : US TB Status 2= of Aprl 2005
region? [..- L= Lol Adarce I woatmea Accre ]

— How could the agent leave the region?
— Is risk of disease leaving region sufficiently mitigated?

Veerinary Services
APLIS-USDA
Spatial | pidemisogy
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Release Assessment

Identify the status of the population

Estimate the likelihood of disease agent being introduced

I
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Exposure assessment

Likelihood of infected pathway spreading in the free zone

? * Spatial analysis
. Y 4 |:| ¢ Evaluate Cattle mo
mitigations
Infected e ?
Wildlif
* Evaluate —
v b " widite | surveillance
Iil =
14
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Cattle movement
Pros and Cons of method
;. .: I : Mamber of Traces {in & Out) ° Co n
i — Time consuming
i | — Limited by data and software available
— Inconsistent
—— ] e ° Pro
3T — Detailed
— Accurate
;h ..-:=‘.:'r :\ Veterinary Sx'r\licus - 1
{ L
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Eradication Region Example Il- Agent B Disease Management Area- using
Al . existing political boundaries
* Wildlife in a small geographic areas are the &P
last reservoir for Agent B in the United States
* Wildlife periodically infect cattle in the area
* Data not available on specific testing and *low
“ —
populations * Fa
* Need to be consistent, transparent, and
repeatable
*Is the problem based on geography?
*What about adjacent counties?
17 18
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The proposal Step 1: Fill out an application
« What surveillance has i s O—
b e e n d o n e ? 212, Geo:r‘a;:(u::[vidmllﬁw or name:
* What do you know T
about the risks? N
2.2, (cattle and bison):
° H OW a re yo u 2.21 ::LTII;::I!::H of herds, whose primary residence les within the unit, at the time of this
. . 2.2.2. Number of herds tested fo_r _brucdlosis aurir_lg _the 12 months p«ior_ to this ._lpnlica_liog:
Co nt ro I I I ng rIS k? 223 Ilavjan\::erds tested positive for brucellosis in the 12 months prior to this application?
* How will you manage 22 :i:Z:;li":fl?li}‘::ﬁ?ﬁ%‘i‘!f&‘ffﬁ?ﬁim.,c,d[s,mum.,z, ot aimal that et posive
t h e a re a ? 2.2.6 Me:ﬁal‘:l"r‘ll;':llf:‘[tmal number of animals):
19 2.2R N..;.l:r;m'::;i:::r\‘r;aiu!- 20
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infection is present
| bl
Step 2: run the model] 1
For Each Unit (—h
=
* What is the probability that Agent B is =)
S I N
present?
— Prevalence
Probability of
. g . infection from o= = = =
* What is the probability that Agent B will be e =
introduced s
— Via wild wildlife
. . . . %herds that % herds that
— Via cattle co-grazing or new additions !
21 peir ) (Coepen 2
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probability that at N
i Results- for each unit
Normal(0.0748760, 0.0025925) Expon(0.0014117) Shift=+0.7737320
— I
ey =2, R
o
2 o
K ]
in the Unit T T
) (B @ — T
S C'”'"‘”"‘"“"""‘”“> C"’“"‘"'”""“""“"") . Probabllljcy ML BRI . Probability that Agent B is already
introduced into at least one herd via
S present (Herd-level prevalence)
cattle movement OR wildlife
Mean=.07 Mean=.77
= =
23 24
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Step 3- Map results

* Example of map output- relative risk

25

Step 4: Communicate with
Management

* Evaluate why risk is high
* Evaluate alternate mitigations
* Re-evaluate every 1-2 years

26
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Pros and Cons method

* Con
— Inflexible for new pathways and pathogens
— Limited by spatial scale
— Limited by lack of data

* Pro
— Rapid
— Transparent
— Consistent
— Relative risk comparison
— Minimal data needed

27
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Conclusions

Regions can be used to control disease

Risk assessment framework can be applied,
with modifications

Methods vary by data, time, need

* Transparency and scientific defensibility must
be maintained if applied for trading purposes

28
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The End
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a ™
OIE Principles- Regionalization

® Exporting country should: E = E O
e Establish and clearly define region

Terrestrial Animal
Health Code

Regionalization in International Trade

The “ 11 Fa Ctor” Exa m ple ® Explain basis for the region

® Provide supporting documentation

Presented by: Laurel Voelker, DVM
USDA/APHIS/ Veterinary Services

_‘/ |Veterinary Services —
— PR
e\
APHIS = USDA
\\ Reference: OIE. Terrestrial Animal Health Code 2010, Chapter 4.3 Zoning and Compartmentalisation [cited 2010 July]; Available from:

hitp:/ /www.oie.int/eng/normes/mcode/en_chapitre_1.4.3.htm J

® Provide access for evaluation

® Provide certification and oversight of the region
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4 N 4 ™
OIE Principles OIE Principles

e Importing country: ° Regionalization may not apply to all diseases

® Needs to be satisfied its animal health status will be protected

* May need different regions for different diseases

° Recognize the region when appropriate measures

recommended in the Code are applied by exporting country

Reference: OIE. Terrestrial Animal Health Code 2010, Chapter 4.3 Zoning and Compartmentalisation [cited 2010 July]; Available from:
hitp:/ /www.oie.int /eng /normes/mcode /en_chapitre_1 4.3.him j
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Background--US Regulations Import Regulations and Disease Status
® Foot-and-Mouth ® Exotic Newcastle
® Import restrictions for animals/animal products largely Disease disease
based on animal health status of the exporting region ° Rinderpest ° Highly pathogenic avian
e (Classical Swine Fever influenza H5N1
® Status determined by USDA evaluation o African Swine Fever e Screwworm
) ] ) ¢ Swine Vesicular Disease * Contagious Equine
® Status and process for changlng status in regulatlons Metriti
® Bovine Spongiform CLrts
APHIS Encephalopathy e African Horse Sickness
EE——
v
\_ \_
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4 ™ -~
Background--US Regulations
® Region odity fo
g R(-Cngnitio;1 of Status
® A country
® A part of a country
® Parts of several countries combined into one area
® A group of adjacent countries Coll ot Regulation
Information Changc
/ \_
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Receive request from foreign region
& &
=  Commod Y for Kport
= Recognition of Status

Collect

Information

Regulation
g

Changc
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-

Receive request from forcign region

Commodit

Collect RE gulation

Information

Change
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e
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The “Eleven Factors”

Authority, organization, infrastructure of veterinary services in the region
Disease status of the region

Disease status of adjacent regions

Active disease control program in the region

Vaccination status of the region

Separation of the region from adjacent regions of higher risk

Movement controls and biosecurity in the region

Livestock demographics and marketing practices within the region
Disease surveillance in the region

Diagnostic laboratory capability

Emergency response capability

Reference: “Application for recognition of the animal health status of a region.”  Electronic Code of Federal Regulations Title 9 Pt. 92.2. [cited Aug 2 2010]

Available online at
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Authority, Organization, Infrastructure of
Veterinary Services

° Legal Authority

¢ Communication
® Quarantine

® Movement control

® Quality Control

® Disease control

e Standard Procedures

® Resources
® Personnel

® Financial

~
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Disease status of the region

® Disease History ® Current status

® [ocations ® Reservoirs

® Populations Affected e Control measures

e Control Measures
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e

Disease Status of Adjacent Regions

® Current Status ° Special Circumstances

® Distance from region
. . under evaluation
® Disease History

¢ Other separation from

region
FMD outbreaks 2000
e Control plans in place

e Surveillance at areas of

high risk
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Extent of Active Disease Control
Program

® Most important if:

® Disease present in region

® Disease recently eradicated
e Considerations

e Plans

® Communication

® Program effectiveness
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/

Vaccination Status

® Current/historical status
° Type

° Distinguish vaccination from infection

Control of vaccine usage

Plan for emergency vaccination

09/2010

Introduction to Risk Analysis Workshop
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Separation from Adjacent Regions
of Higher Risk

Geographical or manmade barriers
Access routes (highways, ports)
Import practices

Border control

\_ J N )
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~ Control of movement of animals and A 4 - - i
_ _ _ Livestock Demographics and Marketing
products from regions of higher risk
c e Number herds/flocks ° Likely source of animals for
® Import requirements ’\) export to u.s.
® Geographic distribution * Herd type
) ' ° Geography
® Pre-import testing o Manasement
° Marketing practices g
® Border inspection
® Marketing regulations
® QQuarantine
® Traceability
o \ /
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N a ™
Disease Surveillance Laboratory Capability
* Type of surveillance o Tests
® Plan and rationale e Turn-around time
® Follow-up investigations ® Throughput
® Test characteristics ® Quality control
e Communication ® Record-keeping
° Reporting requirements ¢ Communication

° Biosecurity
¢ Capacity
J \ /
09/2010 Introduction to Risk Analysis Workshop 2 09/2010 Introduction to Risk Analysis Workshop 2

N -
Emergency Response Capacity
° Authority
® Plans
° Training
® Resources RlSk Of Release?
® Infrastructure
° Reporting Procedures

/ \_
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Vaccination

Legal Authority
/Organization

Risk of Release

Status
Adjacent
Regions

09/2010 Introduction to Risk Analysis Workshop
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Ve
In Summary:

Does the region have the hazard(disease agent)?

Can the region keep the hazard out?

If the hazard enters, will it be detected and controlled?

If it is detected, will it be reported?

‘e("’“

-

09/2010
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e

After the risk assessment..

° Policy makers determine
if: Status

® Animal health status of the
region should be changed

Change

YES { \ NO
® There are any special
Negotiate

circumstances that require

mitigation

09/2010 Introduction to Risk Analysis Workshop
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a

Rulemaking

® Remember.. Animal health status is written into U.S.

regulations

° Rulemaking is the process of creating a new regulation or

modifying an existing regulation
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Rulemaking, Step 1.:
Proposed Rule

® Proposed language of new
regulation

° Supporting documents

® Risk assessment

® Can be accessed at:

09/2010

Introduction to Risk Analysis Workshop
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Step 2:Public Comment

® Anyone can submit a ° Typically comment on:

comment:

® Feasibility of the proposed

¢ Individual U.S. citizens rule

® Industry groups e Contents of the risk

¢ Corporations assessment

* Foreign Governments ® Validity of risk assessment

. . conclusions
e Foreign Citizens

® Many others

09/2010

Introduction to Risk Analysis Workshop

e

Step 3: Final Rule

e Text of the new regulation
o Effective dates

e Published with:

L4 Response to comments

® Description of changes

09/2010

Introduction to Risk Analysis Workshop

V2

www.regulations.gov
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Receive request from foreign region
8 8

=  Commodity for Export

®  Recognition of Status

Collect

Information

Status
Change

09/2010

Introduction to Risk Analysis Workshop
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-

Maybe........

e Citizens (usually industry groups) can and do challenge a

rules in court

® Congress can pass a LAW that supersedes our regulation.

09/2010 Introduction to Risk Analysis Workshop

o

e

Other Conditions

e Health certificates
° Import Permits
® Testing for other diseases

® Food safety requirements

09/2010

Introduction to Risk Analysis Workshop 36
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Thank You!
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Economic Analysis in the
Risk Analysis Process
Presented by:

Kristyn Stone, PhD
Agricultural Economist & Risk Analyst

Veterinary Services

> — =i\ ot =
v BMUcieg

| o
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Economic Analysis - Essential to
Understanding Risk

|

» Puts probabilistic outcomes in perspective

e Provides a basis for comparing different sources
or types of risks

» Expected costs of uncertain pest or disease
events can be estimated (likelihood-weighted
economic consequences of pests or diseases)

» Estimates for a variety of disparate events can
be expressed in common monetary units

Veterinary Services

> — =i\ ot =
v MG
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Economic Overview

I

Price Supply 2

Supply 1

Demand 2

Demand 1

g2 gt q? Quantity

Veterinary Services

> — 2 My P =
v MG

| o

|
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How Trade Occurs

I

* The exporting nation faces excess supply and
the importing nation faces excess demand.

e Price is lower in the exporting nation and
higher in the importing nation.

* When trade occurs, prices reach equilibrium in
the world market.

Veterinary Services

> — 2 My P =
v MG
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Trade and the World Market

Veterinary Services
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~ BMTieg

IMPORTING TRADE EXPORTING
COUNTRY SECTOR COUNTRY
PRICE SUPPLY PRICE PRICE SUPPLY
PN EXCESS
H SUPPLY
AN or
o T R
: : DEMAND DEMAND DEMAND
Domenr Q QUANTITY — QT QUANTlTYDom;;Q QUANTITY
Supply Supply
Quantity
Quantity Traded
Traded
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USDA
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P
IMPORTING TRADE EXPORTING
COUNTRY SECTOR COUNTRY
PRICE| \ POMETC SUPPLY PRICE PRICE SUPPLY
EXCESS
MARKET SUPPLY SUPPLY
pT pT pT
| | | i\ MARKET DEMAND
| EXCESS : i
DEMAND 3 DEMAND { DOMESTIC DEMAND
Do QUANTITY — Q7 QUANTITY,, oo QUANTITY
Supply Supply
R — Quantity
Quantity Traded
Traded
Veterinary Services
PR, _—— 6
v N
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Domestic Impacts of

Veterinary Services

— AN
~ MNP e

Disease

I

» Typically, disease impacts are represented as a
supply-side shock.

* Domestic demand may be shocked if there is
consumer reaction to the disease.

09/2010 Introduction to Risk Analysis Worksho 8
w
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Reactions of Trading
Partners

» Reaction depends on the disease and the
country.

e Implementation of:
— Embargoes

— New export requirements
e Certification program
e Testing protocols
e Processing protocols

Veterinary Services
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Economics in Risk
Analysis

b Consequence assessment
— Based on biological consequences

— Consider two primary impacts:
e Production
e Trade

— Potentially impacts to consumption

Veterinary Services

3 — 2 T ot =
- BMTCT
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Approach to Estimating Economic
Impacts — Quantitative vs. Qualitative

Veterinary

3 — 2 My P
w S

e Deciding which approach to use depends on:

— Knowledge of industry being assessed
— Data constraints
— Time constraints

Services

o)

10
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Quantitative Analysis

Supply shock model
Estimate trade impacts
Price and quantity changes
Welfare impacts

Veterinary Services
N "
= E}JI.'I' c (I"‘. 7
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Veterinary

3 — 2 My P
w B

Qualitative Analysis

Anecdotal

Surveys of producers (those impacted)
Industry overview

Historical economic data

Historical outbreaks

Search of the literature

Services

o)

| o

|

12
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Assigning Values in a Economics Informing
Qualitative Analysis Regulations
» Categorize as low, medium, or high

Identify potential regionalization schemes
Identify obstacles to disease response
Analyze response scenarios

Analyze relevant compensation options

e Consider:
— Sector income
— Aggregated income of several sectors
— Size of the sector in relation to agricultural GDP
— Impact to the sector in relation to sectoral GDP

Veterinary Services Veterinary Services
N 13 I 14
— AN = BN
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Compensation Options Why Compensation
* Depending on response option chosen, « Private incentive is not to report disease
compensation program may be needed. — Too many negative consequences for the producer
— Compensation means paying money to livestock - Producer reporting is essential to disease
producers for losses realized. . .-
Considerati control of highly pathogenic diseases
* Considerations: _ — Government & industry want producers to report
— Why compensation? their suspicion of diseases
— What will be paid? « Consequently reward producers for reporting
B Sou_rces of funds _ — Compensation minimizes the externality between
— Optimal level of compensation private and government-industry desires

Veterinary Services Veterinary Services
. L LU = 15 - L L . 16
— NS = BN
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Potential Compensation ltems

» Value of the animal
— Cost to replace with like kind
¢ Replace 4 yr old dairy cow with another 4 yr old dairy cow
 Incorporates future income stream of breeding animals
» Costs associated with cleaning & disinfection
— Supplies
— Labor
— Sometimes U.S. pays some of C & D costs

e Lost income associated with business disruption
(downtime)
— U.S. doesn’t pay for lost income

Veterinary Services

— 2
~ BMTieg

17
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Sources of Compensation Funds

« Government (taxpayer)

e Industry

— Tax on livestock inputs

— Tax when animals/output are sold
e Consumer tax on final products
 International support

— World Bank

— IMF

Veterinary Services
A B *®
- BN
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USDA
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Optimal Level of
Compensation

» Needs to be great enough to encourage reporting

e Moral hazard

— Greater the compensation, less incentive to practice good
biosecurity
¢ May increase future disease prevalence

» For disease index herds pay full value

» For other herds payment becomes a function of
biosecurity level practiced
— Low biosecurity results in reduced payment

» Not an income transfer to producers

Veterinary Services

— AN
~ MNP e

I

19
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Summary

e Disease outbreaks disrupt supply.
e May impact trade and domestic consumption.

« Severity of impacts depends on the disease and trading
partners.

e Choice between quantitative and qualitative analysis
will depend on many factors.

e Economics can help inform regulations.

* Need to consider compensation once response option is
chosen.

Veterinary Services
A G 20
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Probability
Introduction to proba bilities @ Likelihood of occurrence of an event
# Described as a number between 0 and
1
= 0 implies that the event will not occur
= 1 implies that the event will occur
Cristébal Zepeda. Centers for Epidemiology and Animal
Health USDA-APHIS /Animal Population Health Institute,
Colorado State University
09/2010 Introduction to Risk Analysis Workshop 09/2010 Introduction to Risk Analysis Workshop
Nomenclature Nomenclature
@ The probability of an event A occurring is @ Probability of A and B occurring
written = p(A~B) - A intersection B
= p(A)
@ Probability of A or B occurring
® The probability of an event A NOT occurring = p(AUB) - A union B
is written
= 1-p(A) @ Probability of B given that A already occurred
= This is know as the complement of p and is called = p(B|A) (conditional probability)
q
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Venn diagrams

P(AUB) = p(A) + p(B)

09/2010

Introduction to Risk Analysis Workshop

Venn diagrams

p(AUB) = p(A) + p(B) - p(AnB)

09/2010 Introduction to Risk Analysis Workshop

Probability rules

@ If two events A and B are independent
(the occurrence of A does not alter the
occurrence of B) the probability that A
and B occur simultaneously is

= p(AnB) = p(A) x p(B)

09/2010

Introduction to Risk Analysis Workshop

Venn diagrams

p(A n B) = p(A) x p(B)
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Venn diagrams

What is the probability of A or B occurring?
p(AnB) =p(A) xp(B) =.4x.2=.08
p(AUB) = p(A) + p(B) - p(AmB) = .4 + .2 - .08 = .52

09/2010 Introduction to Risk Analysis Workshop
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Probability calculations

@ Probability of an event occurring (p)

# Probability of an event occurring in “n” trials
pn
# Example: The prevalence of a disease is 20%, I

select 4 animals. What is the probability that all 4 will
be infected?

.2 X.2Xx.2x%x.2=.24=0.0016

09/2010

Introduction to Risk Analysis Workshop
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Probability calculations

# Probability of an event NOT occurring
q =(1-p)

# Probability of an event NOT occurring in “n” trials
(1-p)"

# Probability of at least one occurrence in “n” trials
1-(1-p) "

09/2010 Introduction to Risk Analysis Workshop
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Exercise

@ The prevalence of a disease is 0.2, I select 4
animals. What is the probability that at least
one of them will be infected?

= Recall that:

p(x 21)=1-(1-p) "
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Exercise

a) Probability that none of them are infected

= (1-.2*=0.8*=0.4 = 40%
b) Probability that at least one is infected

s 1-(1-.2%=1-.4=06=60%

09/2010

Introduction to Risk Analysis Workshop

Yes=p

Animal
infected?

No=q
=1-p

True +

Test detects?

False +

Test detects?

Probability of at least one
infected animal in a group
@ Determine the proportion

of true negatives
(predictive value negative)

= TN/ (TN+FN)

@ Raise to the number of
animals

= [TN/ TN+FNJ?

@ Subtract from 1
= 1-[TN / (TN+FN)]"

09/2010 Introduction to Risk Analysis Workshop

Probability of at least one

True + infected animal in a group
Test detects? @ Determine the proportion
of true negatives _
= _ (predictive value negative)
Animal qa(sp)/(a(sp) + p(1-se))

No=q - False + @ Raise to the number of
=1p animals

[a(sp)/(a(sp)+ p(1-se))]"

# Subtract from 1
1- [a(sp)/(a(sp)+p(1-se))]"

Test detects?

09/2010

Introduction to Risk Analysis Workshop
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Exercise

@ Assume a disease prevalence in an
animal population of 5%, a diagnostic
test with a sensitivity of 90% and a
specificity of 70%. Determine the
probability of including at least one
infected animal in a group of 10
animals, given that they all tested
negative. (it may be useful to draw a
scenario tree)
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Results

Truet @ Calculate the PV-:

a(sp)/(a(sp) + p(1-se)) =
95x.7/(95x.7) + (.05x.1)

= .665 / (.665 + .005)
= .9925

@ Raise to the number of
False + animals:
.992510= 9275

@ Subtract from 1
1- .9275 = .072

1-Se=.1

Animal
infected?

Test detects?

Interpretation

@ Despite all animals were test negative,
there is a 7.2% probability that this lot
will contain at least one infected animal

@ Approximately 7 of each 100 test-
negative lots will contain at least one
infected animal

09/2010
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Binomial distribution

@ Used to calculate the probability of obtaining
(x) successes in (n) trials

@ Three conditions:
= Each trial has only two possible results
= Each trial is independent

= The probability of success (p) is constant
(therefore, the probability of failure (1-p) is also
constant)

Binomial coefficient

® Used to calculate the number of ways
of obtaining (x) results

€ Example: How many ways are there to
obtain (x) infected animals, with a
prevalence (p), if I select (n=3)
animals?




Binomial coefficient Remember...
Inf_ected Nurpber of
animals options l’ll — o (n . 1) » (l’l . 2) XX 1
: ' PREXE 751=75x T4x T3 x...x3x 2 x1
‘ > o} Aokl A=3x2x1=6
(1-p)xpxp
=1
1 3 pl)f ()l;p) i g:p;
§1-g) X ?l-p) xpp OI = 1

0 1 (1-p) x (1-p) x (1-p)
Binomial coefficient Binomial distribution
# Calculated as: @ Probability of obtaining exactly (x)

e Jl successes in (n) trials

(xj T X(n-x)!

n —X
p(x) = (xjpx(l -p)'
=3C, = =1
[3) Po31(3-3)!
3) 3|
=3C, = =3
(2} Po2(3-2)!
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Example

@ What is the probability of obtaining exactly 1
diseased animal in 3 trials? (prevalence =

09/2010 Introduction to Risk Analysis Workshop

Binomial distribution

@ The distribution is the sum of the

animales enfermos

0.2) probabilities of obtaining exactly
3 0,1,2...n infected animals
plx=1)= [1 j.Zl(l — i
3!
= ———— |x.2x(.8)* " (n
(1!(3—1)!) ) ( (1= py~ =1
=3x.2x.64 =0\ X
=0.384
Distribucion binomial
n=3, p=0.2
°° Exercises
3 04
B 03 -
3 02-
® 01
0 | _
0 1 2 3
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Exercise 2

@ Assume a prevalence of disease in an animal
population of 1%, a diagnostic test with a
sensitivity of 95% and a specificity of 60%.
Calculate the probability of including at least one
infected animal in a group of 10 animals given
that all were test negative.

09/2010
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p=.01

Results

True + @ Calculate the PV- el VP-:

Test detects? q(sp)/a(sp) + p(1-se) =

99 x .6/ (.99 x.6) + (.01 x
05
.594 / (.594 + .0005)
=.9992

False + @ Raise to the power of the
Prueba number of animals:
e .999210= 992

@ Subtract from 1
True -
1-.992 = .008

1-Se = .05

Infected
animal?

09/2010 Introduction to Risk Analysis Workshop
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Exercise 3

@ Assume a prevalence of disease in an animal
population of 6%, a diagnostic test with a
sensitivity of 90% and a specificity of 95%.

# The animals that tested negative to the first test
are subjected to a confirmatory test with a
sensitivity of 95% and a specificity of 99%

@ Calculate the probability of including at least one
infected animal in a group of 25 animals given
that all were negative to both tests.

09/2010
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Test detects?
True +

1-Se=.1

Animal
infected? 1-Se = .05

Falso +

Test

?
detects? False +
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Exercise 4

(qxsp,xspy)+(px(1-se)x(1-se,)

.
@ A disease has a prevalence of 10%. 15

. 94x.95x.99 ” animals are selected randomly from the
- _((.94><.95><.99)+(.06><(1—.9)><(1—.95)] population. What is the probability of
0.88407 2 selecting exactly 3 infected animals?
- _(0.88407+0.0003j
» _(0.88407 j”
— 10.88437
=1-0.99966
=0.0084
Result
p(x=3) = 13 (1- 0.1y For numbers hell is not below
zero, in the negative numbers...
= — ;| 0.001x (.9) ... but in the paradoxes, the
315 -3)! anomalies, in the painful
=455%x0.001x0.28 spectrum of probabilities.
=0.128
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It's over!
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Distributions used in risk
analysis

Cristébal Zepeda. Centers for Epidemiology and Animal
Health USDA-APHIS /Animal Population Health Institute,
Colorado State University

09/2010
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Stochastic processes

@ Allow to incorporate variability and
uncertainty

= Binomial process
= Hypergeometric process
= Poisson process

09/2010
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Binomial Process

@1t is NOT the same as the binomial
distribution

# The binomial distribution is one of the
distributions that describe the binomial
process

09/2010

Introduction to Risk Analysis Workshop

Conditions for the binomial process

@ All trials are identical

@ Each trial has two possible results

# Each trial is independent

@ The probability of success is constant
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Binomial process

#®Has three variables:

= (n) — number of trials
= (p) — probability of success in every trial

= (S) — number of successes in a series of
trials

09/2010 Introduction to Risk Analysis Workshop

Distributions of the binomial
process

binomial

n p

negative binomial beta

09/2010
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Binomial distribution

@ Used to find the number of successes
(s) if the probability (p) and the
population (n) are known

= For example the number of diseased
animals in a population with a known
prevalence

®Format
= S = binomial (n,p)

09/2010 Introduction to Risk Analysis Workshop

Binomial distribution

skl

0.25

binomial distribution
n=70 p=0.05

0.2 -
0.15 -
0.1 1
0.05 -

12
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Beta distribution

@ Used to find p when n and s are known

= For example a sample of 100 animals is
taken and 17 test positive

#® Format:

= p = Beta(s+1, n-s+1)

09/2010
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Beta distribution
e

Beta distributions for a prevalence of 17%

09/2010 Introduction to Risk Analysis Workshop

Probability calculations using the
beta distribution

€300 animals are sampled and 18 test
positive

# What is the prevalence?
Beta (s+1, n-s+1)
Beta (1841, 300-18+1)
Beta (19, 283)

09/2010
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Beta(19, 283)

X<=0.041726
5.0%

X <=0.087391
95.0%

_/

0 0.02 0.04 0.06

0.08 0.1 0.12
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X-axis

Prob of Value <

Beta(19,283)

% 0.0417
o 0.0457
o 0.0486
o 0.0509
o 0.0530
o 0.0549
o 0.0567

% 0.0585 "~

% 0.0602
% 0.0619
% 0.0637
% 0.0655
% 0.0674
% 0.0695
o 0.0717
o 0.0743
b 0.0773
o 0.0812
o 0.0872

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.1

Uses of the beta distribution

® Determine sensitivity and specificity

@ Determine prevalence (even with 0
successes)
= Beta (0+1, n+1)

09/2010

Introduction to Risk Analysis Workshop

Negative binomial distribution

@ Used to find n if s and p are known

= For example number of samples needed to
detect s positives

@ Format
= N=s+negative binomial (s,p)

09/2010 Introduction to Risk Analysis Workshop
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Negative binomial distribution

@ What sample size is required to detect
with 95% confidence at least 1 infected
animal, if the expected prevalence is
10%?

= N=1+ negative binomial (1,0.1)
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1+binomial negativa (1, 0.1)
, el Hypergeometric process
< E - 10% 1 T
30 15% 2
E %8 @ Has three variables:
30% 4
NI O R S R 2 35% 5
- = M- population
1+binomial negativa(1,0.1) gg:ﬁ ; L] D' number Of dlseased
IR e — pS N = N- number of trials
o 08 + . 00
Pl S i #®Format
© 041 80% 16 .
$01] o 1 = Hypergeometric (n,D,M)
301 90% 22
i00‘;3}1}6}2}4}3}2}4}0}4}8‘5‘6‘6‘4‘7‘2‘ 95% 29
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Distributions of the
Hypergeometric process hypergeometric process
A 4t

M (population)

n (selected)

Hypergeometric

Inverse
hypergeometric

Not defined
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Hypergeometric process

@ Unlike the binomial process, the
probability of success changes in each
trial depending on the result of the

previous trial

@1t is equivalent of conducting sampling
without replacement

09/2010

Hypergeometric process

@ In small populations the change in (p)
is more noticeable

4/15

|
- 0.26 4114
,_l_‘ ,_l_‘
- 313 - 413
|_|_|

| | |
[ | [ ] [
B o B o B e

0.08 0.33

Introduction to Risk Analysis Workshop

09/2010

Hypergeometric distribution

Introduction to Risk Analysis Workshop

09/2010

Hypergeometric or binomial?

@ As a general rule if the sample size is
much smaller than the population
(n<0.1M) the binomial distribution
approximates closely the
hypergeometric
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Hipergeométrica vs Binomial
n=30, D=100, M=1000

0.3

09/2010
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Poisson process

A 0.25
0.2
0.15
01 @ Models the number of events o occurring in
0.05 . .
0 an interval (t) of space or time
0 1 2 3 4 5 6 7 8 9 10 ;
: — # Has 3 variables:
@ Hipergeométrica @ Binomial
= Lambda (1) — mean number of events by unit of
Hipergeométrica vs Binomial
n=60, D=10, M=100 exposure
o = Total exposure (t) — May be time, volume or
0.25 another measure
0.2
0.15 = Number of events (a) in exposure period (t)
0.1
0.05 ~
0 4
0 1
@ Hipergeométrica m Binomial
09/2010 Introduction to Risk Analysis Workshop 27 09/2010 Introduction to Risk Analysis Workshop 28

Poisson process

# The probability of occurrence in an interval is
constant and continuous

® The number of events occurring in an interval
is independent of the number of occurrences
in any other interval

@ The interval (t) is measured in space (liters,
kilograms, meters, etc.) or in time (second,
hour, year, etc.)

Distributions of the Poisson

process

gamma

Exposure
time
t

Mean numper of events per time unit Number of observations

gamma

Poisson
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Poisson distribution

#® Number of events o in time ¢
= Poisson (1£)

#Lambda (A) — mean number of events

per exposure unit
r=1/p

09/2010 Introduction to Risk Analysis Workshop
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Poisson distribution

@ Example. An inspector in a slaughter
house finds 3 chickens with hematomas
per hour at the slaughterhouse. How
many will she find in an 8 hour shift?

sLambda (1) — Mean number of events by unit
of exposure A=1/p=3

sMean interval between events ($)=0.33

@ Mean time between events (B) (hours)
sNumber of events « in time ¢ = Poisson (A{)
=Poisson(3x8)
09/2010 Introduction to Risk Analysis Workshop 31 09/2010 Introduction to Risk Analysis Workshop 32
Poisson (24)
S Approximations
< 15% 19 B A ——
20% 20
e A @ Poisson (\£) approximates the binomial
3% 22 distribution (n, p) when p is very small
5 9 13 17 21 25 29 33 37 41 40% 23
45% 23
50% 24 & . . .
Poisson (24) 55% 25 @ Binomial (n, p) approximates hypergeometric
s PSR (n, D, M) when M is large
% 08— 70% 27
§ 75% 27
v w Z @ Poisson (A approximates hypergeometric (n,
S S % 30 D, M) when M is large and D/M is very small
3 95% 32

o

=ttt
5 9 13 17 21 25 29 33 37 41




09/2010 Introduction to Risk Analysis Workshop 09/2010 Introduction to Risk Analysis Workshop 3
Distributions of ignorance Uniform distribution
| . b . Uniform (.2, .7)
@ Uniform distribution
= Requires a minimum and a maximum 006
0.05 —
: T § 004 -
@ Pert and triangular distributions RN
= Require a minimum, most likely and & 002
. o
maximum ot
0
0 023 028 033 038 043 048 053 058 063 068 08
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Triangular distribution
Triangular (.2, .5, .7)

0.2 0.3 0.4 0.6 0.7

Pert distribution

Pert (.2, .5, .7)
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Conclusions

@ The binomial, hypergeometric and
Poisson processes are the building
blocks most frequently used in risk
analysis

@ The models should be coherent,

ensuring that each iteration is plausible.
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Quantitative Models

Tim Clouse
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Topics

Differences between qualitative and
quantitative models
Commonly used probability distributions
— Types
— Why and when to use
Design
Layout and documentation
A\
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Qualitative and Quantitative Methods

+ Qualitative and quantitative methods are two
ends of a continuum

. Qua]itative methods discuss th.e issues,
likelihood, and consequences in non-
numerical terms

* Quantitative methods use specific numerical
values and explicit probability distributions for
likelihood and consequences

» Both are valid
» Most risk analysis is a mixture of both
. \%Ieither is superior or preferred

Veterinary Services
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Comparisons
* Qualitative methods... + Quantitative methods...
e Applicable to a broader  « Likelihoods are explicitly
range of issues defined

e More flexible

¢ Not as constrained by
data availability

e May appear to be

e Results tend to be
unambiguous

¢ Policy-relevant
subjective variables/critical points

: more easily found
e May lead to ambiguous
interpretation e More data-dependent

¢ Less general applicability

5
Veterinary Services
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Qualitative vs. Quantitative Methods
* Qualitative « Quantitative
* Reasoned and logical * Links the steps through
discussion mathematical modeling
* Most common, faster * More time-consuming
* Applies to many problems + Model values rely on data
+ Results are expressed as or expert opinion
high, medium, low * Results are expressed
negligible numerically
K
\«’clcrhééScrviccs

09/2010 Introduction to Risk Analysis Worksho 6
USDA
Je=i|

Quantitative Methods

® Usua”y feature SpeCIfIC Distribution for p(infected)/G13
numbers--p(outbreak in one "G
year)

» Usually requires extensive
empirical data or explicit
expert opinions

* Yields an explicit, but
often complex, model,
description, and results

V5

Veterinary Services
P 1 i

Values in 10" 3

0.0001 0.0003 0.0004 0.000
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Probability Distributions for Risk Analysis

» Parametric and non-parametric distributions

« Parametric distributions assume an
underlying causal relationship that is
mathematically based

* Non-parametric distributions are based
directly on the observed information and
make no statements about underlying causal

relationships
)
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Probability Distributions for Risk Analysis

« Parametric distribution types

 Discrete or continuous (as the sample size
increases, discrete distributions become
similar to continuous ones)

* Bounded or unbounded (for continuous
distributions--all discrete distributions have

bounds)

— May need to constrain to eliminate meaningless values (age
\Iﬁ <0, BSE incidence >500/1 000 000

Veterinary Services
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Six Useful Distributions Normal (Gaussian) Distribution

1. Normal (Gaussian) * Models phenomena where causes are

2. Lognormal independent and additive (individual

3. Beta (and variants) weights, distribution of errors)

4 Uniform * Unbounded, so constraints may be needed

5. Binomial * Tends to be used as a first

' o approximation/default distribution
6. Negative Binomial
K K
\«’clcrhééScrviccs m}é&-rviccs
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Lognormal Distribution

* Models phenomena where causes are
independent and muiltiplicative (incomes,
disease incubation times)

* Minimum value is greater than 0
« Unbounded on the right, so constraints may
be needed

« Tends to look like the normal distribution
when the coefficient of variation (standard
deviation/mean) is small (less than 0.5)

)
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Beta Distribution and Variants

* Models variations in probabilities (not
phenomena)

* Flexible:

e (Can create a wide variety of shapes over a given range

e Can be used to approximate an empirical distribution

» PERT distribution--for modeling expert opinion

* Beta-Binomial distribution--for modeling
binomial success where the true value of p is

uncertain
5
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Uniform Distribution Binomial Distribution
« All values within a range are equally likely * Models phenomena where the likelihood of
« Makes the fewest assumptions about occurrence does not change over time or
underlying causes space (number of infected animals detected
* Most cautious approach, but tends to yield in a herd) _
the widest variance * Bounded and discrete
» Beta-binomial is often a better description of
reality, but needs additional data
K K
\«’clcrhééScrviccs \«’clcril'}é Services
T BN T BN
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Negative Binomial Distribution

« Models phenomena where the likelihood of
occurrence does not change over time or
space and the number of failures is of
interest (number of animals needed to be
tested in a herd to find the an infected one)

 Bounded and discrete

» As with the binomial distribution, the value of
p is often more usefully represented by a
zDeta distribution
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Designing and Documenting Quantitative
Models

« Start with a pathway

+ Keep models simple at first and expand as
needed

e Put sources, formulas, and comments in the
spreadsheet

» Use Excel’'s Labels instead of spreadsheet
Ireferences
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Quantitative Model Example

£

Microsoft Excel
Worksheet
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What are your questions?

* Tim Clouse

« timothy.l.clouse@aphis.usda.gov
« (970) 494-7292 (voice)
* (970) 494-7269 (fax)
* (970) 494-7200 (main)
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