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« Workshop intro 15 min
O Introduction to FMD modelling 15 min
O Model development 30 min
O Break 15 min
O FMD scenario 1: targeted vaccination 30 min
O FMD scenario 2: early reporting + ring vaccination +
guarantine 30 min
0 Break out session: define scenarios 30 min
O Presentation + discussion 15 min



Workshop Intro

* Convenors: Dr Masako Wada %

* Objectives
* Introduce the reason and concept of modelling
* Explain the functionality and data requirements of models in general
» Explain functionality of Interspread+
* Define and run scenarios in Interspread+ for FMD (Myanmar, Lao PDR)

* Expected outcomes
* Understand the concept of infectious disease modelling for decision making
* Grasp the functionality of simulation models and their outputs
* Know how to define control scenarios for a country
* Correctly interpret modelling outputs as decision support tool
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FMD UK 2001: what we’d like to do...

 ...is to predict events in space and time

* To understand where, when and why is
FMD virus transmitted in the country

* This is a retrospective reconstruction of
what happened in 2001 (Mark stevenson, 2002)

Yellow infected cases



FMD model NZ 2005

New Zealand Veterinary Journal 55(6), 289-296, 2007

ISSN: 0048-0169 (Print) 1176-0710 (Online) Journal homepage: http://www.tandfonline.com/loi/tnzv20

Application of modelling to determine the

absence of foot-and-mouth disease in the face of a

suspected incursion

C Heuer, NP French, R Jackson & GF Mackereth
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* Model structure
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What's the use of disease modelling?

* To support evidence-based decision making, when a real-life
experiment is not feasible

Let’s use
vaccination

...as opposed to ‘gut feeling’ decision making

* A model needs to be timely and robust,
even when information is limited
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Workflow — a big picture

1
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Data collection

Population
demographics, contact
network, incidence,
economic impact, etc

uuuuuu > S _
@ Sensitivity analysis Model development P ,_{
Identify parameters that Disease spread within and : «,ﬁ,hﬁ
i need to be improved between herds/villages £ YA

+ model validation
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Benefit = saved disease burden

Cost estimation

Policy evaluation

Which policy is preferred?
Cost = resources required for

% intervention




Intervention scenarios

* Vaccination (entire population)

* Partial vaccination (high risk areas)

* Ring vaccination (post-outbreak)

 Movement restriction (markets, traders, main hubs, borders)

* Reduce detection time: early reporting, fast confirmation, instant
response

 Early and effective treatment: reducing shedding time

e Combinations
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What is InterSpread Plus?

* A generic modelling framework to simulate
disease spread between individual farms

* Developed by Massey University for UK FMD Tt torn/
epidemic (2001)

https://doi.org/10.1016/j.prevetmed.2012.08.015

 Application for FMD, CSF, HPAI, El, SRS, etcin & e [
60+ published papers

 Web-based version also exists
(“InterSpreadWEB”)




InterSpread Plus model design

* Between-village spread * Within-village spread@
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Between-village FMD spread

e Use the actual village locations

* Parameterise FMD spread
mechanisms between villages

1. Animal movement
* By conveyor (traders or smallholders)
* Frequency
* Distance
* FMD risk (meat or grazing/fattening)

\ 2. Movement of fomites (vehicles,
. equipment, etc)

- ey 3. Airborne spread



Between-village FMD spread

e Use the actual village locations
* Parameterise FMD spread

mechanisms between villages
1. Animal movement
* By conveyor (traders or smallholders)
* Frequency

* Distance
* FMD risk (meat or grazing/fattening)

7 2. Movement of fomites (vehicles,
ik . equipment, etc)

. iy 3. Airborne spread



Movement survey (Lao PDR, Myanmar)

Distant movements by traders in Champasak,

Savannakhet and Xiengkhouang (Lao PDR) . ° Most animal movements were Iocal
 Smallholders moved cattle for
grazing frequently (daily, weekly)

* Traders picked up animals for
culling and sold meat in larger
villages, markets, or

slaughterhouses
- ﬁ*’{:ﬁ?#”‘f ) i e * Some long-distance traders movements
@ / X %Eh- .~ : e s - D”“ﬂ_ ]
¢ T i= T TR transect the country and were destined
E»l | to China (Myanmar, Lao) or Vietnam
@-. W.@m.
b d:::md @. (LaO)

* Live animals

Traders movementin -
central Myanmar




Between-village FMD spread

e Use the actual village locations

* Parameterise FMD spread
mechanisms between villages

1. Animal movement
* By conveyor (traders or smallholders)
* Frequency
* Distance
* FMD risk (meat or grazing/fattening)

2. Movement of fomites (vehicles,
T (- equipment, etc)
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“FMD local spread”

* FMD transmission without known movements
* Accounting for >80% of infection (UK, 2001)

g @ ocal spread

Week IMENCInG

FIG 13: Relative proportion of Infected Premises (1Ps) with new disease each week
infected by different methods of spread of virus (all cases with data, n=18486)

(Source: Gibbens, 2001)




Within-village FMD spread

e Use the actual village population structure

e Assume animals within a village mix
homogeneously
* Considering species difference and partial

Immune

immunity —
* Ignoring household-level cluster (no data) YWY W
* Parameterise FMD spread between animals LT TR YR TR TR T 1
« State changes V¥ Y¥YW
* Frequency of contact (X K. X X K
* Probability of transmission T2 T T2 O
&
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FMD state transition (animal level)
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FMD state transition (animal level)

Most parameters can be obtained from literature on FMD experimental studies
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FMD state transition (village level)

* Village state

* Susceptible: having a sufficient number of animals susceptible to
infection

* Infected: having >0 infected animal

* Herd immunity: having a sufficient number of animals with immunity

Vaccinate

|

Herd immunity )

H‘ Infected
H‘ Immune

" Susceptible l Infected \ " Susceptible

g e




FMD simulation

* For each infected village, the model

. |
simulates sequence of events for each S oo |,
day

 Stochastic parameter values are @ |
determined at random for each [T
for this farm
process 1!
Release Na
. movements if they
* Repeat the process for all infected o

. . . . v
villages until the last time period e g

movement, local,
* Run as many iterations as needed e

; End of farm list? ;

Yes

¥



Simulation model demonstration

e FMD NZ standard model
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Model validation

Mean kernel smooth density of simulated villages The actual and simulated cumulative number of
reporting FMD (with outbreak investigation) villages reporting FMD (with outbreak investigation)
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Model validation

Mean kernel smooth density of simulated
villages officially reporting FMD

The actual and simulated cumulative
number of villages officially reporting FMD
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Case study — Lao PDR

* In Lao PDR, virus circulation is 2015-01
evident, but there are only sporadic
outbreak reports

* Baseline intervention
* Voluntary vaccination
* Passive reporting

 Targeted vaccination (2016-2020)

Routine vaccination in cattle and buffaloes in
targeted villages in Champasak, Savannakhet
and Xiengkhouang
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2015 2016 2017 2018 2019
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Model input (population data)

ﬂlnterSpread Plus CFE v6.2 - 'C L] Vi”age data
File Edit Tools Help
=l & X | # * Village ID, province, district, target status, grazing
| Sections | :
= practice, presence of market, number of households,
_oEm cattle, buffaloes, pigs, goats, etc

(2 TimePeriodTrigger
E pidemicHistany

lao_village_champasakitxt - Notepad

B0 SetState

|"_‘| MavementType ile Edit Format View Help

E%E] Route 608008 Champasack Sukhuma non-target non-graze no-market 64 58 17 86 49 168 28 46 © © 583393,1619713;;

-1 FixedRoute 604052 Champasack Paksxong non-target non-graze no-market 116 109 18 148 @ @ 2 8 1 4 641350,1685894;;

=+ LocalSpread 606010 Champasack Phonthong target graze no-market 220 81 17 87 31 94 6 14 4 15 583433,1670033;;

:g ﬁ:;gz[ﬁp'e‘ad 608032 Champasack Sukhuma non-target non-graze no-market 142 101 1 6 42 111 60 82 @ @ 589972,1602320;;

-0 WithinF armboded 601001 Champasack Pakse non-target non-graze no-market 226 3 112 151 10 @ @ 585859,1672096;;

&0 WithinF amMadelState 601003 Champasack Pakse non-target non-graze market 243 20 3 16 3 11 6 133 2 14 586527,1671890;;

A0 Zone 601004 Champasack Pakse non-target non-graze market 270 24 4 44 2 22 2 13 © 5 586308,1671874;;
HumanRezource 601088 Champasack Pakse non-target non-graze no-market 199 0 © 44 © 22 © 13 @ 5 586078,1671138;;

#-{_] Resource 601009 Champasack Pakse non-target graze no-market 185 0 © 44 @ 22 @ 13 0 5 586368,1671474;;

§4C3 Depopulation 601019 Champasack Pakse target non-graze no-market 160 79 36 172 42 126 9 31 12 53 585195,1675094;;

-] Vaseination 601020 Champasack Pakse non-target non-graze market 350 38 8 39 8 22 3 28 1 8 583747,1674010;;

&0 Surveilance 601030 Champasack Pakse non-target graze market 416 101 15 50 42 111 9 108 7 42 582512,1675163;;

601035 Champasack Pakse non- target non- gr-aze market 270 24 4 44 2 22 2 13 © 5 588808,1672096;;

LOTAED Chamnacarl Dalben el o wrnlbats 102 OC 12 ©A 17 CC 14 T O 0 COEINT 1674230« «



Model input (traders’ pick-up movement

#-(3 FamFile
#-{] ContactLocations
@] TimePeriodTrigger
EpidemicHistory
@] SetState
=4 MovementType
MovementType2
MovementT ype3
MovementTyped
{1 Route
-] FixedRoute
®-(] LocalSpread
#-] AirbomeSpread
{2 Infectivity
] WithinFarmModel
@ WithinFarmModelState
®-(] Zone
HumanResource
#-(] Resource
#-(_]) Depopulation
B Vaccination
& Surveillance
& Tracing
#-{Z] MovementRestriction
{20 MovementStandstil
-3 Output
% Outputl
Output2
Output3

MovementTypel
Key Value
=2 MovementName trader_pickup

<=3 MovementTypeSourceD ata

=2 TimePeriodT igger

<3 MovementD atabaseFileName

=3 MovementD atabaseStartDate

<3 SourcednimalT ypes

<=3 SourceFaimStates

<3 NumberUseF armColumn

=3 NumberPerTimePeriod
NumberPerTimePeriod[F armClass]

=3 TemporalNumberPerTimePeriod
TemporalMumberPerTimePeriod[F armClass]
3 NumberOfDirectContacts

=2 DestinationType

3 ContactLocationControlName
DestinationProbability[S ourceF aimClass)
=3 RestrictOndnimals

=3 SourceMustBePopulated

3 DestinationMustBePopulated

=2 MovementDistance

=3 DestinationF armweightingColumnn

=3 RepeatThisMovement

=3 Repeatinterval

=2 POTOffsetRelativeTo

<3 ProbabilityOfT ransmission

ProbabilityOfT ransmission[S ourceF armState]
<3 ModelénimalMovement

=3 LotSizeOption

LotSizeNumber[F aimClass][AnimalType]
LotSizeNumber(][]

et * Traders’ movement to pick up
animals from smallholders in
the local villages (~30 km)

* Animals are mainly for
" slaughter

Yes
No
1,0,0.05,0.2,0.25,0.25,0.15,0.05,0

* Animals are retained in
traders’ base villages for
months until culling

by_number

Poisson 1



23 Infectivity
23 WithinF am

Model input (traders’ sales movement

[Soctions R MovementTyper

M- TimePeriodTrigger
-2 EpidemicHistory

B SefState

B3 MovementType

i MavementTypel

tovementType3
MovementTyped
-] Route

M- FizedRoute

-] LocalSpread

b

B

1-7] &ibomeSpread
-0 Infectiviy
23 WithinF armModel

Ea' withinF armbd odell
423 WithinF armiodelState
‘withinF armi odelState
WithinF armi odelState2
‘WithinF armh odelState3
WithinF armid odelState4
“withinF armi odelStated

&' HumanResource
-7 Resource
M- Depopulation

P13 Varrinatinn

=2 W ovementD atabaseFileMame

w3 M ovemnentD atabaseStanD ate
w3 SourcednimalT ppes

=2 SourceF amStates

w3 Numberl seFarmColurnn

=3 NumberPerTimePeriod
MumberPerTimePeriod[F amaClass]
w3 TemporalMumberPerTimePeriod
TemparaltumberPerTimePeriod[F armClazs]
w2 MumberD (DirectContacts

w3 DestinationT ype

=3 Contact_ocationControl ame

DestinationPrabability[S ourceF armClass]
DrestinationProbability(]

=3 R estrictO ndnimals

=3 SourceMustB ePopulated

w3 [estinationtustBePopulated

w3 MovementDistance

=3 DeslinationF armi eightingColurnn

=3 AepeatThish ovement

w3 Repeatinterval

=3 POTOFetRelativeTo

=3 Probability0fT ransmission

Probability0fT rangmiszion[SourceF armState]
=3 ModeldrimalMovernent

=3 | AtSizalnbinn

Key Walue

=2 Mavementt ame trader_pickup
w3 MaovementT ypeSourceliata probabilities
w3 TimePeriodTrigger always

MovementType?

Key Walue

=3 Movementlame trader_dropoff

X w3 b ovement TypeS ourceD ata probabilities
- ContactLocations =3 TimePeriodTigger always

buffaloes | cattle | pigs

Puigson 0.002

farm

1.0.95.0.05;0,market no-market

1.0,0.05,0.45,0.25,0.15,0.1,0,0,3000,20000,11 7000,750000,800000
househalds

No

* Traders’ movement to sell
animals to slaughterhouse or
animal products (meat) to
local markets (~20 km)

* Destination villages typically
have large human population
or a slaughter operation



Model input (grazing movement

23 Infectivity
23 WithinF am

MovementType?
Key

MovementTypel

Key Walue
=2 Mavementt ame trader_pickup
w3 MaovementT ypeSourceliata probabilities
w3 TimePeriodTrigger always

Walue

* Smallholders movement to

=2 b ovementh ame
w3 b ovement TypeS ourceD ata

7] ContactLocations =5 TimePeriodT figger

-1 TimePeriodTriggey
-2 EpidemicHiston
- SetState | Model P

trader_dropoff
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MovementTppe3

move grazing animals to
neighboring villages

B3 MovementType =3 "”FHE N
: B FamFile1
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Outy : Outputl
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Outputs

=2 Movementh ame

=3 MovementTppeSourcellata
Trioaar

grazing_season]
probabilities

ooncon]

MovementTyped

Key

* High season and low

=3 Movementh ame

=3 MovementTypeSourceD ata

=2 TimePeriodT rigger

w3 MovementD atabaseFile ame

=3 MovementD atabaseStartD ate:

=2 SourcefnimalTvpes

w3 SourceFamStates

=3 Murnberl seF ammColurnn

=2 NumberPerTimePeriod

7| MumberPerTimePeriod]F armClass]
MumberPerTimePeriodgraze]
MumberPerTimePeriodinon-araze]

=2 TemporalMumberPerTimePeriod
TemporalMumberPerTimePeriod[FarmClazs]

=2 MumberDfDirectContacts

=2 DestinationT ype

=3 ContactlocationControlM ame
DestinationProbability(S ourceF armClass]
DrestinationProbability[]

=2 Restrictdndnimals

=3 SourcetdustB ePopulated

=2 DestinationtMustBePopulated

w3 MovementDistance

w3 D estinationF armiweightingCalumn

=2 RepeatThisM overnent

=3 Repeati nterval

=3 POTOMseR elativeT o

=2 Probability0FT ransmissian
ProbabilityDiTransmission[S ourceF armState]
=3 ModeldrimalM overnent

=2 LotSize0ption
LotSizeMumber[FarmClazz]ldnimalT wpe]
LotSizeM umber][]

season

* Related to weather or rice
harvesting?

buftaloes | cattle

Paigson 0.03
Constart 0

fam
1.0.95,0.05;0.graze non-graze

1,0,0.05,0.45,0.45,0.05:0.0,1000,5000,15000,223000

N

Yes
by rumber

Paizson &



Model input (within village component)

WithinF armM odel5 tatel

= Value * Latent state

=3 Stateh ame latent
StateDuration[&nimalT ype]

Stateluration[buffaloes] Triangular 2 35 d N 0 i n fe Cti O U S n e SS

Stateluration[cattle] Triangular 235

Stateluration[goats] Triangular 356 ° HP- M
StateDuration[pigs] Triangular 2 2 4 N 0 CI I n Ica | S Ig n S
w3 MextStates subclinical

=3 DefinesF améslnfected Yes * Transit to subclinical infectious sate

w2 WwithinHerdl seB etaslsinfectious
WithinHerdProbability DT rangmizzion[F armiClagz]ldnimalT ype]
WithinHerdProbability DT ranzmizzion] ][] Conztant O
w3 BetweenHerdU seB etaslslnfectious
BetweenHerdProbability DT ransmiszion[F armClazs][Infecteddnim...
BetweenHerdProbability DT ransmizsion[ ][] Constant 0
B etweenF armProbabilityO T ransmission]FarmClaszs][dnimalT wpe]
SurvellanceProbabilityQ D etection[F armClass[animalT ype]

Digeazeortality[F armClass][bnimalT upe]

|
|
Clinical ‘l
J

: Subclinical . Naturally [ _
-»| Susceptible Latent infectious Non-detected Carrier \'mmum:
=
Detected
l:l Non-infected
Reported l:l Infected
D Infectious
[ norwe
immune - = —
infection
—_— Natural course
— Vaccination
—=  Surveillance




Model input (within village component)

WithinF armM odel5 tatel

e Subclinical infectious state

1 Key Yalue
= | =2 StateM ame subclinical ° H
StateDiurationfdnimal T ype] | nfe Ct I 0 u S
StateD uration[buffaloes] Triangular 12 3 . . .
= StateDuration[cattle] Triangular 12 3 [ N 0 CI | n |Ca | S |gn S
Statelluration[goats] Triangular 1 2 3
=2 Statellurationpigs] Trangular 12 3 . « . . .
= onenstat: o * Transit to subclinical infectious sate
| wid DefinesFarmaslnfected Yes
WithinHerdUseBetasIsInfectinw
withinH erdProbability0fT ranzmizszsion[F armClazs][Snimal T ype]
[ withinHerdProbabilityO T ransmiszion[[buffaloes] Constant 0.1
WithinHerdProbability 0 (T ranzmizzion(cattle] Constant 0.1
WithinHerdProbability 0T ranzmizzion(goats] Constant 0
' WithinHerdProbabilitu0 (T ranzmizzion([pigs] Constant 0.2 R e e e e = = 1
i “withinH erdProbabilityD T ransmission[][] Comstarnt 0.1 } }
BetweenHerdU seBetas|sinfectious % Clinical ‘l
B etweenHerdFrobahility0 T ransmizsion[FarmClazs][ nfecteddnim. . | +| Susceptble || Latent e Carrier paLiales —
B etweenHerdProbability DT ransmizsion)[buffaloez][] Constant 0.1 ™
BetweenHerdProbabilty I T ransmizsion(][cattle][] Constant 0.1
BetweenHerdProbabilityIfTransmizsion()[goats][] Constant 0 |:| Non-infected
BetweenHerdProbabilityOfT ranzmizsion(][pige]l] Congtant 0.2 [ ] infected
B etweenF armProbability 0T ransmizzion[FarmClazz][AnimalT ppe] [ ] infectious
SurveillanceProbability0 D etection[FarmClazz][Animal Type]
Dizeazetortaliy]FarmClazs][dnimal Type] [ ] nspove
Vaccine Subciini_c a NSP +ve
- =
— Natural course
— Vaccination
e Surveillance




Model input (within village component

WithinF armM odel5 tatel

* Clinical state

[l
JILE wfithinF armM odelState3

A
@i :
5 K Ve * Infectious

% w3 Statel ame clinical

| . [#] StateDuration[AnimalType] e U ° .

Stateluration[buffaloes] Foizzon 8.5 ° Cl I n Ica | S Ign S p rese nt

L=l StateDuration]cattle] Foizzon 8.5

oo 2 StaeDuslorizes Possen 127 * Transit to carrier or naturally immune
=3 Stateluration[pigs] Foizzon 8.5

w2 MextStates carrier 0.6 natural_imnune 0.4

=3 DefinesFamasinfected Ves S a te
w3 WwithinHerdU seB etaslsinfectious

. [¥] WithinHerdProbahbilityO T ransmission[F armClass][Animal T ype)]

<

IE(‘},

WithinHerdProbabilibyOFT rangmizzion][buffaloes) Constant 0.5
WithinHerdProbabilityO FT ransmission[[cattie] Constart0S o _______ ;
withinHerdProbabilityOFT ranzmizzion[][goats] Constant 0.2 1 |
=3 WithinHerdProbabilityOFT ransmission[][pias] Constant 1 j = }
WithinHerdF'lDbabiIit_l.JDlean:smissiun[][] Constant 0.5 }_. PR N [ — Subclinical Mot e ) Naturally ,,J
lr’-\B'BetweeererclUSEBetaslslnfechous g infectigus -
BetweenHerdProbabilityOFT ransmiszion[F armClazs][Infecteddnim...
BetweenHerdProbabilityOfT ranzmission[J[buffaloes][] Caonstant 0.5 petectes [ Nonnfected
BetweenHerdProbability DT ranzmizzion[[cattle][] Canstant 0.5 S |:| iioted
BetweenHerdProbabilityOFT ransmizsion[[goatz][] Constant 0.2 : [ intecious
BetweenHerdProbabilityOfT ransmiszion[][pigz][] Constant 1
BetweenFarmF’mbabiIityDfTlansmissiun[FalmEIass][.-’-‘mimalType] [ ] nspe
SurveillanceProbability 0D etection[F armClass][&nimalT ype] andie Subclinical [ nspove
SurveilanceProbability0fD etection([buffaloes) passive_teporting constant 0.5 immune ol
SurveilanceProbability DD etection[][cattle] pazsive_reporting constant 0.5
SurveilanceProbability DD etection[]goats] passive_reporting constant 0.05 : ::;::;Z:rse
SurveilanceProbabilityOfD etection[][pigs] passive_reporting constant 0.1 —=  Surveillance

Dizeazet otality[FarmClazz)dnimal T ype]



Model input (within village component)

WithinFarmModelState4
Key Value . .
=3 StateN ame carrier [ /
e Carrier/naturally immune state
StateDuration[] Normal 395 30 . .
StateDuration[pigs] Constant 0 L] N 0 | n fe Ct' O u S n e SS
=2 NextStates natural_immune

=3 DefinesFarmésinfected No ° o . .
<0 WitinHerdlseBetaslsnfectious No clinical signs

WithinHerdProbabilityOf T ransmission[F armClass][&nimalT ype]

WithinHerdProbabilityOf T ransmission[][] Constant 0 ° H 1 H H

2 ViHenF okt 8y OF rerens Difference is that virus can be isolated
BetweenHerdProbabilityOf T ransmission[F armClass][InfectedénimalT ype][Su... . .

BetweenHerdProbabilityO T ransmission[][][] Constant 0 fro m Ca r rl e r a n I m a IS

BetweenF armProbabilityDf T ransmission[F armClass][AnimalT ype]
SurveillanceProbabilityOfD etection[F armClass][AnimalT ype]
DiseaseMontality[F armClass][animalT ype]

*Pigs don’t develop carrier state

[WithinFamModelState | e e e e e e e

|

ey Walue % Clinical

g::::gzgim[ﬂnima”},pe] natural_immune | »| Susceptible |—=»{ Latent # ?:aﬂ{:s:l F Carrier F\qr:::::ar:g i
StateDuratian(] Canstant 1387

= MextStates suscephible _ |:| Non-infected
w2 DefinesFamdszlnfected Mo |:| Infected
w3 withinHerdU seB etaslslnfectious :[ Infectious
WithinHerdProbabilityDET ranzmizzion[F armiClaze]ldnimalT ppe]

WithinHerdProbabilibyOET ranzmiszion] ][] Conztant O [ ] nspove
=3 BetweenHerdl seB etaslsinfectious Vaccine Silbeinea) [ ] nspe
BetweenHerdProbabilityQi T ransmission[F armClass I nfecteddmim. . mine infection | ——

BetweenHerdProbabiliy T ransmiszion[ ][] Congtant 0 —»  Natural course
BetweenFarmF‘robabiIit_l,lDfTransmi$$inn[FarmCIass][.i\nimalT}lpe] —  \Vaccination
[] SurveillanceProbability 01D etection[F armClass][AnimalT ype] —+  Surieilfarnce
Dizeazeortality[F armClass][dnimalT ype]




Model input (within village component)

* Animal contact rate within a village

* Animals of same species
* cattle <> cattle
* buffalo <-> buffalo
* pig &> pig
* goat €<~ goat
* Animals of different species
* cattle <> buffalo
* cattle <2 pig
* cattle € goat
* buffalo €< pig ...

boctions |
(B8 Modsl by  vae
B4 FamFile =3WithinF ami odeiN ame withir_vilage_mods!
FarmFlIe'I. w2 TimePeriodT rigger always

D Ef:ntactl._uc:atlluns w2 withinHerdl seBetas Mo

: E::;:r:m;tfa ‘withinHerdB etalF armClassJinimalType]

{:l SefState withinHerdContactR ate[F armClasg][dnimalT ype]

{:l MavementType withinHerdContactR ate[][buffaloes] [IR=]

{:l Faute ‘WithinHerdContactF ate[][cattle] 0s

{“_—l FinedP aute WithinHerdCaontactF ate[][goats] 03

D LocalSpread WithinHerdContactR ate[][pigs] 01

{“_"| ibomneSpread =3 BetweenHerdl zeBetas Mo

D Infectivity BetweenHerdB eta[F armClazs|[InfecteddmmalT ype][Suzcephiblad. .

Ea WfithinF armbd odel BetweenHerdContactR ate[F armiClagzz][Infecteddnimal Tepe][Susc. ..

RS Tt bl odlel ] BetweenHerdCaontactR ate(][][] o1

-1 WithinF ambodelState

— Em o

* No data hence we use guesstimate for now




Model input (vaccination)

* |f vaccinated animals are exposed to FMD,
they will develop “neoteric infection” state
* No clinical signs
* Less infectiousness

e Voluntary vaccination

e ~20% of smallholders in ~40% of villages
voluntary vaccinate their animals
(cattle/buffaloes) against FMD

* Target vaccination

» Cattle and buffaloes in targeted villages in
Champasak, Savannakhet and Xiengkhouang are
vaccinated every 6 month

Vaccination2

Value

VYaccination1

voluntary_vac

= Value

=3 ContralM ame

=3 ActivationOption

=2 TimePeriodT rigger

w2 FamnSelectionOption

=3 SelectionZone

=2 SelectionZoneFarmS ortOrder

=3 SelectionProb

w2 AllowDuplicates

w3 FamClazzes

=3 FamnStates

=3 AnimalT ypes

=3 ActionResounce

w3 SharedR ezourcePriority

w3 aitingF armState

=3 ProcessingF armState

=2 CompletedFarmState

w2 DelayedFarmState

=3 TimePeriodT oD elayedState

w2 SurvellanceContol

=3 RemoveDetectedFarms
ImmunitpFunction[&nimalT ype]
ImmuriteFunction]cattle]
ImmumityFunction[buffaloes)
ImmunitpFunction[goats)
IrmunityFunction[pigs)]

w2 Partiall mmunityFunction

w2 Tirne O flrnrmunity

Tirmne Hmmurity[Animal T ppe]

TimeD fmmurity[catte)]

TimeD Hmmurnitp[buffaloes]
TimeD fimmunity[goats]

TimeD Hmmurnitfpigs]

=3 ProbabilityQf T ransmiggiontd odifier
w2 ProbabilityQfDetectiontodifier
ProportionQfanimalzlmmunelanimal T ype]
PropartionD fnimalzlmmune[buffaloes]
¥/l ProportionDf&nimalsimmunelcattle]
FroportionDanirmalsimmune[goats]
ProportionDdnimalzimmunefpigs]

BN

targeted_vac
time_period
iitial

E

whole

1.0
Mo
target

rez0urce

cattle buffaloes
unlimited_vac_resaurnce

tted
1

village_vaccinated

Mo

Table 1,7.90,180,0,.0.2.05.1
Table1,7,90,180:0,0.2.05.1
Constant 1
Caonstant 1

Constant 365
Constant 365
Constant 1
Constant 1
Constant 0.5
Constant 0

10
1.0
0o
0o



Model output — within village spread

* Number of infected animals within a village with voluntary vaccination

BUFFALOES CATTLE GOATS PIGS
|
2504
o)
1S)
< //—
o state
£ /
£ — latent
S 150- f )
w | - subclinical
o .
1= / — clinical
‘= 1004 lf :
(1] f - camer
) ;
o /’J —— natural_immune
) 1
504 / /
o -
g _J:?('g/\h /ﬂ-\}\
0+ S B S N\ ————————— ——
0 50 100 150 0 50 100 150 O 50 100 150 0 50 100 150

Number of days since the introduction of the first animal with acute FMD infection within a village

Showing one particular village for one particular iteration



Model output — within village spread

* Proportion of infected animals within a village with voluntary vaccination

BUFFALOES CATTLE GOATS PIGS

60 - , el
state
— latent
407 ] - subclinical
= — — clinical

— carrier
201 —— natural_immune

Z N
0 50 100 150 0 50 100 150 O 50 100 150 O 50 100 150
Number of days since the introduction of the first animal with acute FMD infection within a village

Proportion of animals within a village (%)

Showing one particular village for one particular iteration



Model output — within village spread

* Mean proportion of clinically infected animals within a village with or without voluntary vaccination*

*Assuming 20% of cattle/buffalo within 40% of villages are vaccinated

| not vaccinated vaccinated
601 5
=
m
m
b
"
o
m
“ u
= ©
2 E 100+
@ c
g (1]
g 2 i< ‘
@ 3| state O 754 species
o o QL ;;
o - latent €% E3 BUFFALOES
E — - >8
_E subchrlucal 8 = S * CATTLE
B 3]
5 604 S = BS coaTs
5 . = —— carrier :.: = PIGS
\; 404 / — et )O> —— natural-immune o § 254 -
=
& 204 @ o
= 5
& 04 o
] o 04
= a : ;
604 vaccinated  not vaccinated
- ol Village voluntary vaccination
_ &
20 /

0 50 100 150 200 0 50 100 150 200
Number of days since the introduction of the first
animal with acute FMD infection within a village



Model output — within village spread

* Number of infected animals within a village over time, if a new strain of FMD virus was introduced in a
village in Champasak

g J BUFFALOES CATTLE GOATS PIGS
S 3004
2
£ <
O 2004 8 )
= g province
- o
L o 1004 2 —— Oudomxay
5 O
gz_“; —— Luangprabang
= = 04 — ————— AL I S 8
=m —— Huaphanh
2 = f\
wE | i \ —— Sekong
g ‘g |I1I| ll !I /| IIl .8«
g 2004 II !| .! vl < —— Champasack
© -l ' 8 — Attapeu
. il 5
2 100 Ry el g
g II| |II II| |I f_/ \\ ~ a
ot \ /N
g 04 2 \ LADCAL Sl S RN
z 0 100 200 300 O 100 200 300 O 100 200 300 O 100 200 300

Number of days from the start of simulation

Showing one particular iteration



Model output — between village spread

* Interactive map
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Model output — between village spread

* Kernel density map

* Smoothed mean density of infected villages for each grid across the country (n = 100 iterations)

* Easy to identify the hot spot

(o}] Qz
Q1 Q2
2 Mean density of
100 km 100 km infected villages
Mean density of (/100 km2)
infected villages
100km ® 100 km (/100 km2) —_— —_— =
— — [ | Q3 o4 0.75
0.75
Q3 Q4 0.50
0.50
0.25 0.25
== 000 B 000
100 km 100 km
I I

100 km 100 km



Scenario comparison

* Targeted vaccination
* In total there are 10,117 villages in Lao PDR

* 403 villages in Champasak, Savannakhet and
Xiengkhoug provinces were targeted for
routine vaccination

) .l .
* Coverage: 4% of villages &R .
. .o
w L -
- A (4% Vaccination
- k‘.. . .'..“ e

target

L) ...-.v i . ® non-target
® 0
How effective was the SEErerE:

. y
°
L

. ..'
..'
® oy .o 50 km
e
e

targeted vaccination?




Number of outbreaks (villages)

4007

200 1

Scenario comparison — baseline intervention

* Assuming a new strain of FMD virus was introduced in a village in Champasak

Counts of iteration

-\;

@

-]

o4

i 200 400
Number of outbreaks (villages/year)

0 100 200 300
Number of days since simulation start

Mean density of
infected villages

B ors%
>75.95%
>95.98%
>98-99%

. >99-100%




Number of outbreaks (villages)

4007

200 1

Scenario comparison — targeted vaccination

were routinely vaccinated

Counts of iteration

004 1

200 400

Number of outbreaks (villages/year)

0 100

200 300
Number of days since simulation start

Assuming a new strain of FMD virus was introduced in a village in Champasak, where targeted villages

Mean density of
infected villages

. 0-75%
>75-95%
>05-98%
>98-99%

Bl >so-100%




« Workshop intro 15 min
« Introduction to FMD modelling 15 min
& Model development 30 min
& Break 15 min
& FMD scenario 1: targeted vaccination 30 min
& FMD scenario 2: early reporting + ring vaccination +
guarantine 30 min
0 Break out session: define scenarios 30 min

0 Presentation + discussion 15 min



Outbreak response scenarios

Surveillance Vaccination Quarantine

Scenario0  Baseline (20%, 18 days) - =

Scenariol Baseline (20%, 18 days) 3 kmring -
Scenario 2  Baseline (20%, 18 days) - Traders movement 80%
Scenario3  Enhanced reporting (60%, 9 days) 3 km ring -
Scenario4  Enhanced reporting (60%, 9 days) - Traders movement 80%

Scenario5 Enhanced reporting (60%, 9 days) 3 kmring Traders movement 80%




Number of outbreaks (villages)

Scenario O — baseline intervention

£%
a
2
‘E 4
"
E
o _|
Q24
4007
o4
o 200 400
Number of outbreaks (villages/year)
200 1
O -

0 100

200 300
Number of days since simulation start

Mean density of
infected villages

B ors%
>75.95%
>95.98%
>98-99%

. >99-100%




Scenario 1 —ring vaccination

* 3 km vaccination around detected villages

504

Counts of iteration
'

4007

Mean density of
infected villages

=>05-98%
>98-99%

Bl >so-100%

200 1

Number of outbreaks (villages)

0 100 200 300
Number of days since simulation start



Scenario 2 — quarantine

 Restriction of traders movements from/to reported villages by 80%

Q1

Counts of iteration

504
4009  ** ‘L
0.04 i

200 400
Number of outbreaks (villages/year)

Mean density of
infected villages

. 0-75%
>75-95%
>05-98%
>98-99%

B >oo-100%

200 1

Number of outbreaks (villages)

0 100 200 300
Number of days since simulation start



Number of outbreaks (villages)

4004

200+

Scenario 3 — enhanced reporting + ring vaccination

* Reporting from 60% of villages, average 9 days delay

Counts of iteration
"

@

=

00

200 4
Number of outbreaks (villages/year)

0 100 200 300

Number of days since simulation start

Mean density of
infected villages

. 0-75%
>75-95%
>05-98%
>98-99%

Bl >so-100%




Scenario 4 — enhanced reporting + quarantine

Counts of iteration
' "

4004

Mean density of
infected villages

. 0-75%
>75-95%
>05-98%
>98-99%

Bl >so-100%

200+

Number of outbreaks (villages)

0 100 200 300
Number of days since simulation start



Scenario 5 —enhanced reporting + ring vaccination + quarantine

Counts of iteration
' "

400+ ' I
0.0+

Mean density of
infected villages

. 0-75%

Number of outbreaks (villages)

>75-95%
>05-08%
>08-99%
200+ Bl >so-100%
0 -

0 100 200 300
Number of days since simulation start



Outbreak response scenarios comparison

baseline ring quarantine
L]
0 1 2 I
L]
400 4
o
‘g 400 4 T
. 2004 $
w
& & .
= S
2 p 8 .
.‘2 04 - o L]
™ o
o 8
E= early_ring early_quarantine early_ring_quarantine 3
= L
o k]
2 3 4 5 -
iz 2 2004
2 ‘ £
E 4004 =
= =
o
=
200 ‘l ‘
//Jf’ ’/’/4—/_ ) ———— o ‘
0 -
0 100 200 300 0 100 200 300 0 100 200 300 baseline ring quarantine early_ring early_quarantine early_ring_guarantine

Mumber of days since simulation start O 1 2 3 4 5



Outbreak response scenarios comparison

baseline

ring

quarantine

4004

2004

0

y——=

2

early_ring

early_quarantine

early_ring_quarantine

400 4

MNumber of outbreaks (villages)

3

4

..-f"/F_——“‘—_‘J____'__'__-_

5

W — =5

300

0 100 200 300
Mumber of days since simulation start

0 100 200 300

Total number of outbreaks (villages/year)

400 4

2004

baseline ring quarantine early_ring early_quarantine  early_ring_quarantine

0 1 2 3 4 5

Median -15 (-10%) -3 (-2%) 41 (-29%)  -37(-26%)  -72 (-51%)

95% 20 (-7%) +27 (+9%)  -80(-26%)  -81(-27%)  -146 (-48%)




« Workshop intro 15 min
« Introduction to FMD modelling 15 min
& Model development 30 min
o Break 15 min
& FMD scenario 1: targeted vaccination 30 min

& FMD scenario 2: early reporting + ring vaccination +
guarantine 30 min
& Break out session: define scenarios 30 min

0 Presentation + discussion 15 min



How would you like to control FMD in your country?

* Break out session (30min):
* Group 1:
* Group 2:
* Group 3:
* Group 4:

e Task:

* nominate a group moderator and a presenter

* discuss control options

« differentiate scheduled interventions from outbreak events
* |list a scenario

* present and discuss your decisions



« Workshop intro 15 min
« Introduction to FMD modelling 15 min
& Model development 30 min
o Break 15 min
& FMD scenario 1: targeted vaccination 30 min

& FMD scenario 2: early reporting + ring vaccination +
guarantine 30 min
& Break out session: define scenarios 30 min

& Presentation + discussion 15 min



Discussion

* The models can be used to evaluate alternative control policies,
epidemiologically and economically
* Form a basis for quantitative assessment of FMD control strategies

* Incentives for stakeholders to control FMD (farmers, traders,
taxpayers)

* More data will improve the model
 Longitudinal serological data at the animal/village level
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