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Team Collaboration

« Animal Population Health Institute, CSU
« Canadian Food Inspection Agency

« Ontario Ministry of Agriculture and Food
« United States Department of Agriculture
« University of Guelph, Ontario

 Input from experts from other countries
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NAADSM Characteristics

Stochastic

State transition

Spatial and temporal

Built-in economic components
Herd based
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Applications

 Emergency planning and preparedness
— Exercise design
— Discussion, awareness forums
— Training
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Applications

« Developing plans for emergency response
procedures and strategies
— North American FMD vaccine bank issues
— Lab capacity
— PRV vaccine

* Learning and discussion tool in emergency
preparedness
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Applications

* Model disease spread under different
conditions
— Compare levels of spread and detection
— Test population variation — density and production
types
« Control Strategies

— Compare the effects movement control, mass
depopulation, vaccination
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Limitations

 Vector borne diseases
« Slow spread (BSE)

« Wildlife diseases — populations don’t exist as
agricultural units
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Using NAADSM

Population Data
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« Characteristics of herds - location, type of

operation, animal number, status

Set up starting units

‘AFile [ Edit “ %l %l %l %l Kl

Sort by: | Order T Sortarder % Azcending  Descending
Filter by: | [Mo filker) |
o, Order 1D Production type Unit zize Latitude Longitude Status Days left in status =~
1 1 Swine [H4] > |13 41.30023 -91.36638 Susceptible Unspecified
2 2 Swine [H4) 15 4328833 -96. 31611 Suzceptible Unzpecified
3 3 Swine [H4) 20 42 93333 9613111 Suzceptible Unzpecified
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Using NAADSM

Disease Parameters

State characteristics: latent period, subclinical,
Infective, vaccine immune, natural immune, for each
operation type

Probability of spread, given contact between
Infectious and susceptible

Use distributions rather than point estimates
Describe herd situation, not individual animals
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Disease

I Froduction twpes

Cattle

Swine [H4]

[v Transition the disease in units of this production type

Latent period:

IEattIe latent period j Edi... New..
AR Clear Remove
Infectious subclnical perod:
Cattle shedding subclinical j Edi... New...
R Clear Remove
Infectious clinical period:
Infectious clinical period j Edi... New...
SR Clear Remove
Irmmune period:
Irmnune IZIEfiI:Id j Edit... Mew...
A Clear Remove
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Using NAADSM

Contact

 Direct, indirect movements and airborne
spread

* Frequency, distance
* For each type of operation
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Using NAADSM

Detection parameters

 Time before disease Is identified, based on
two factors:

— Days that the herd is in the contagious period

« The longer, more clinical animals, more chance of the
producer and veterinarian identifying signs of disease

— Days since disease outbreak was first detected

« Expect more awareness of foreign disease after first
case in area/country has been identified
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Using NAADSM

Control
e Vaccination, Destruction, Movement control,

 Define circumstances, available resources for
vaccination and destruction
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Operational Cost

« Appraisal, C&D, Indemnification, Euthanasia,
Carcass disposal, Vaccination
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Cost accounting

I Production tppes Cattle

Swine [#4]

[+ Track direct costs for this production type

Destruction costs:

Cost of appraizal [per unit]:

Cost of cleaning and disinfection [per unit]:
|ndemnification [per animall:

Euthanaszia [per animal]:

Carcazz dizpozal [per animal):

Waccination costs;

Cost of zite setup [per unit];

B azeline waccination cost [per animal]:

Humber of animals that may be vaccinated
before the cost increazes:

Additional cost for each animal vaccinated
bevond the threshold [per animal]:
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Using NAADSM

* Run multiple simulations

« Change parameters - situation or control
activities - run again if desired

* Analyze output - number of herds and
animals In different statuses, costs associated

with activities
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=1l

@fne _% Edit “ B 3l g

status: pleted/abort:

Lozt accaunting I

El %@l | “ I.t‘-‘«ll production types

|Cumulative number of units

|Cumulative number of animals

* Analyze output -
number of herds and
animals in different
statuses, costs
associated with
activities

[v Detection

Clinical detections* 2817 196124

Direct traces [successfully traced)” E3[49) 3314 [(3129)

Indirect traces [successfully traced]” o o

|+ Destruction

Initially destroped 0 0 ﬂ
Detection 2815 196033

Direct traces 40 2446

Indirect traces 0 0

Ring ] ]

TOTAL 2855 198479 ;I
|+ ¥accination

Initially waccinated 0 0

| Ring® 1587 100485

[v Apparent Epidemic Curve -- includes only detected

Apparent Epidemic Curve

80
w 70
=
5 504
L
% 50
.
‘G 404
P I e S
£ 301
[SUNE I IR F P
= 20
AR T (111 A e B R e
u R
] 20 40 60 20 100 120 140 160 180
Dayz =ince =tart of iteration
[+ Reasons for infection - includes all infections
Iritiall infected 1 74 iI
Aibomne* 2797 1595032
Direct contact* 24 1350
Indirect contact® 55 3733
TOTAL 2877 200189 LI

|+ Actual Epidemic Curve -- includes all infections

Actual Epidemic Curve

S
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|» |—

18



United States Department of Agriculture

Animal and Plant Health Inspection Service

i
G

Using NAADSM

Review output

« Map, chart

« Statistics for all iterations
« Details for last iteration

« Summarized

Maximum, minimum, average, percentiles, for each variable for
multiple iterations

Calculated values for time to end of outbreak and time to first
detection for multiple iterations

Epidemic curve
Day by day statistics for all variables and daily units detected for

multiple scenarios
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Interpret output
— Determine what outputs are important — how do you define
success?
» Faster eradication
* Less expensive
» Fewer animal killed
» Fewer farms infected
» Confining disease to one geographic area or production type
— Interpretation requires knowledge of how the model works,
as well as inputs and assumptions

— Disease experts need to compare their opinion to model

output, raise areas for discussion, further investigation, etc.
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Communication of results
Model Reality
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Communication of results

Model

v Destiuction
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Initially destroyed u] 1] ﬂ
Detection 2815 196033

Direct traces 40 2446

Indirect traces 0 1]

Ring u] 1]

TOTAL 2855 198473 ;I
¥ V¥accination

Initially vaccinated u] 1]

Ring* 1587 100485

[v Apparent Epidemic Curve -- includes only detected

Apparent Epidemic Curve
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Predicting the global spread of H5N1 avian influenza

A, Marm Kilpatrick*?, Aleksei A. Chmura*, David W. Gibbons®, Robert C. Fleischers, Peter P. Marra", and Peter Daszak*
*Consortiurn for Conservation Medicne, New York, NY 10001; *Reyal Society for the Pratection of Birds, Sanchy, Bedfardshire 5G19 2DL, United Kingdorm;
and iMational Mussum of Matural History, and mithsonian Migratory Bird Center, National Zoological Park, Smithsonian Institution,

‘Washington, DC 20008

Communicated by Hans R. Herren, Millenniumn Institute, Adington, VA, October 19, 2006 {received for review April 26, 2006)
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The spread of highly pathogenic H5SMN1 avian influenza into Asia,
Europe, and Africa has resulted in enormous impacts on the poultry
industry and presents an important threat to human health. The
patbrways by which the virus has and will spread between coun-
tries have been debated extensively, but have yet to be analyzed
comprehensively and quantltatwely We integrated data on phy-
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commercial trade in wild birds (4), making this another potentially
important pathwayunless all imported birds are quarantined, tested
for avian influenza, and culled where necessary.

We determined the most likely pathways for the introduction
of H5MN1 into each of 52 countries by using global data on

country-to-country imports and exports of live poultry, trade in
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Fev. soi. tech. OFF. int. Epiz., 2006, 25 (1], 000-000

Use and abuse of mathematical models:
an illustration from the 2001 foot and mouth
disease epidemic in the United Kingdom

R.P Kitching ™ M. Thrusfield @ & N.M. Taylor ®

{1} Mational Centra for Foreign Animal Disaase, 1015 Adington St, Winnipaa, Manitoba R3E k4, Canada
{2} Departmart of Vaterinary Clinical Sciances, Roval School of Vatarinary Studiaz, University of Edinburgh,
Eastar Bush Veterinary Cantre, Roslin Midlothian EH25 3R, Unitad Kingdom

{3} Vetarirary Epidamiclogy and Econamics Rasaarch Unit, Univarsity of Aeading, P.O. Box 237,

Aeading RE 748, Unitad Kingdam

Summary

Foot and mouth disease (FMD) is a major threat, not only to countries whose
economies rely on agricultural exports, but also to industrialised countries that
maintain a healthy domestic livestock industry by eliminating major infectious
diseases from their livestock populations. Traditional methods of controlling
diseases such as FMD require the rapid detection and slaughter of infected
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The North American animal disease spread model:
A simulation model to assist decision making in
evaluating animal disease incursions

Neil Harvey ., Aaron Reeves”, Mark A. Schoenbaum*,
Francisco J. Zagmutt-Vergara™', Caroline Dubé ¥,
Ashley E. Hill®, Barbara A. Corso®*, W. Bruce McNab ',
Claudia L Cartwright*~, Mo D. Salman"

* Deparoment of Conpuring and Mfoemation Sclence, (riverdry of Guelph, Guelph, Oweario NIG 2WI, Camadu
® Amiscal FPopwiition Health Invtinee, College of Vetoyimury Medicine and Biomedion! Sclences
Colorado Ssare Unteersty, Fore Collins, CO SOS2I1681, USA
“Unived Sowres Dopearonent of Agrivaltwor. Anime) Plae Health Tnspotlon Senvive, Veterimary Sevvices
Western Regiomal Office, Mail Stop FEI3, 2150 Cenmtre Avenue, Budding 8, Fort Colling, CO S0526-5117. USA
! Canudban Food buspection Agewey, 59 Camelor, Ok, Omtanio KIA 019, Canada
© Unived Saaves Depwrsnent of Agricalrare, Auimnd Plant Hoalth Inspoction Senvi
Centers for Epudemiofogy awd Amimal Health, Mol Soop 2Wd 2750 Centre Avenu,
Building B Kot Collins, CO 808205117, USA
' Ovenario Minestry of Agncwltvee Foodd & Rurafl Affairs, 1 Stone Rod Guelph, Ontario NG 4¥2, Comade
e Stater Department of Agricwisire, Animad Mlant Health Inypec ion Service, Intemationad Services,
4700 River Rowd, Urit 65, Rivendule. MD 20740, USA

v, Veterimary Serviovs

Recvived 22 February 2007, receivad in revised Toom 2 May 2007, accepiod 15 May 20607

The Nw%:wm Ammal Disease Spread Model Project:
Montn # L

Simulation modds have the polentisl to play 8 signfficant rale in the dvelopmeant and
125ling of animal dsease contrl and aradicabion plans. The Noamn Amencan Awmel
Disessé Spread Model (INAZDSH) is one such model, ntended o simulate Me spread
ang contral of highly contagious forsgn animal dseases in suscaptle ivastock
populabons

Devedopment of VAADSM is now an inemational colaborative acivily involving
researchecs from e Animal Poputation Health Institute 3t CSU. the Cansdan Food
Inspecion Agency, the Dapanment of Compuling and ¥fomation Scende at the
University of Gueiph, the Cntare Ministry for Food and Rursl Affars, and USDA-APHIS-
Vetaninary Services, as well 33 subject manar expants fom 38 over the wond

AMONY the goals of the NAADSH project are the folicwsng

¢ Toprooucs a practcal mocekng applicahion sustabia for he study of highly
contagious foreign anemal disease spmad In the absence of an aciual outbraak

* Tooffara toolfor the evaluation of proposed dsease contrd stratagias,
pregacadness planning, and policy formason

* To 3o the assassmant of polential economic IMpacts of @sea3e and assonated
CONYol MEBURS

*  Tooffartraning In the use of sease models in genaml and of NAADSMIn
paticia 10 the soentfic and vetesnary medca comymuntas

NAADSH has the folowing key charackerisicy

o NAADSM I5 a shothaste srmudabon moda 1t attemipts S0 Imitads the random
Prooassas mEponsbie for disease spmad. Each simulatec outbmak 5 the and rasut
of aumqua seres of random &vents and prCesses

s NAADSH smmuiates spatel and temporal aspects of disease spread

o NAADSM 15 2 state fransibon mode: each naaty infected herd undergoes a
progression from a suscepttde stale through several infecied states %0 an mmune
(recoverad) state

o  NAADSH induses oosi accounting components. the dimct casts associated with
smuiated outtraaks may be estimated

o NAADSH has sufficent Nexidiity b0 alow it to be usedfor a varety of diseases
Questions concaming {eot-ang-mouth dseasa, ighly patiogenic avan Ifuenza
psoudonaties, chassical swing faver, and exobic Newcastie disaase am now being
300re5580 by researchars usng NAAOSH

Development of VAADSH |5 an 0n-Q0in) Drocess, ant continues 1o nvolve 3 broad,
intemationl poot of kvastock heallh expens, disease modelers. and other spedalisty
Naw capabiites to simulate enhanoed sunellance, dsease conlrol 20n2s, and
varabiity of witiin-hérd disesse prevalénce ae now being tested by he develooment
team. The serulaton of disease contol and survellance Zones will Impiove our abilty
10 fine-hune Me applicaion of condyol measures. implementation of amodal of cisease
moitality, enhanced radng capatilites modaing of dagnostic testng for disease
dalecton, and refining e timulated ¢ifects of vacanation are planned for sbsequent
VErsions
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