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What we do! NCSU

What we do!

1. Studying routes of between-farm disease transmission main goal in the
targeting control strategies to minimize the spread of disease.

2. Emphasis on the role of farm-level biosecurity on disease transmission.
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Motivation



National Bio and Agro-Defense

DHS FACT SHEET

on National Security Memorandum-16 on Strengthening the Security
and Resilience of United States Food and Agt

On November 10, President Biden signed National Security Memorandum-16 (NSM-16) on
Strengthening the Security and Resilience of United States Food and Agriculture. The NSM
assigns key roles to the U.S. Department of Homeland Security (DHS) related to overall strategic
guidance and enhancing national unity of effort. DHS, in coordination with the U.S. Department
of Agriculture, the U.S. Department of Health and Human Services, the U.S. Department of ....

e Enhanced protection of food and agriculture critical infrastructure and associated supply
chains;

e Mitigation and defense against the introduction of high 1 pests and animal or
plant diseases;

o Strengthened agro-defense, food defense, and food protection efforts; and

o Improved intelligence gathering, data analysis, and information sharing.
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What do we know about farm-to-farm pig disease transmission?

1. Approximately 80 % of between-farm transmission (swine diseases) are
"driven” by the movement of animals. [4, 7, 6, 5].

2. Core pathways of between-farm disease dissemination:
- Indirect transmission-Local transmission + transportation vehicles.
- Direct transmission- Pigs + fomites ...

- The contribution of other routes remains mainly unknown... e.g., vehicles.
- The contribution of on-farm biosecurity in reducing the force of transmission
remains a major gap.
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Major modes of between-farm transmission

Transmission is driven by contact and time.

- Infected pigs (directly manageable).

(S) Susceptible | (1) Infected (0) Outbreak
m Infected pig
movements
‘Sin’ tranl;?:iaslsion
Q Re-break by a

previous infection

Contaminated
@ vehicles (4 types)
4@ Contaminated animal
oA by-products ingredients
ﬁ in feed deliveries
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On-farm biosecurity

ustavo Machado ®

Legend Legend
LOSAE (LOS Animal Emergency) (o) PBAAP (PBA Access Point)
SE (Site Entry) * LOSAP (LOS Access Point)
PBAAE (PBA Access Entry, animals only) (O CRP(Carcasses Removal Pathways)
DCD (Designated Cleaning and Disinfection vehicle station) ~ €) VM (Vehicle Movements)

GCD (Generalized Cleaning and Disinfection temporary station) & LC (Loading Chute)
PCD (Proposed Cleaning and Disinfection-temporary station) == PBA (Perimeter Buffer Area)
ADU (Dumpster for dead animals) [} LOS (Line of Separation)
TD (Trash Dumpster) A DPA (Designated Parking Area)

SA (Supply drop-off Area) CD (Carcasses Disposal location/ADU box)

—
=
—=
-
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April 11, 2023

7/30


https://orcid.org/0000-0001-7552-6144

Methods



How can test/simulate for the effectiveness of such countermeasures?

Gustavo Machado ®

(@)

f(x)= 1+e”’(’ x0)
Detection rate
@ [&—[@
(5) Susceptible (1) Infected (0) Outbreak
Transmission rate
7 il= e~ (QGnit+ i+ Anit+Apit+Amit+Acit+Aait+Abit+Arit )*Te)*(1-Hie)
2) Local infectious force
2u=Pi*E=1) Gije
3) Re-break *
infectious % Animal by-products
_ force 1 infectious force
1) Pig movements A 8) Fat
infectious force . Au=B*(A/F,
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=3 uncontaminated
vehi Contaminated
4) Feed . Source
5) Pig to farms === 4p " “Feed Milj'or Farm or Market
6) Pigs to market =-=3=Am, o
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PigSpread [2, 1, 3, 4]

NC STATE UNIVERSITY

(b) Model parameters

Pn = Transmission rate of between farm pig movements

1 = Local transmission rate

fr = Re-break rate

P = Transmission rate of between farm movements of
vehicles transporting feed

$, =Transmission rate of between farm movements of
vehicles transporting pig to farm

fm= Transmission rate of between farm movements of
vehicles transporting pig to market

B = transmission rate of between farm movements of
vehicles transporting crew to farms

B, = Fat in the delivered feed rate

fib = Meat and bone in the delivered feed rate

N = Number of asymptomatic and infected farms
that sent pigs to "i"

g = Gravity model with barrier effect

E = Edge weight

Z = Time vehicle stay on the farm

A = Amount of fat in the meal

8 = Amount of meat and bone in the meal

F = Pig population in the farm

W= Re-break probability based on the time after last
outbreak

T = Monthly seasonality index

H = Biosecurity index

L = Detection probability

X0 = Average time detection

x = Time post virus introduction

k = Logistic growth rate

April 11,2023
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Methods

1. Local transmission—-farm-to-farm proximity, most intriguing questions!!?

03

202

%
2
g
a

01

00!

oo Ao 5o
Distance (Km)
Dr. Gustavo Machado ®

Kernel transmission

NC STATE UNIVERSITY April 11,2023

9/30


https://orcid.org/0000-0001-7552-6144

Methods

2. Between-farm animal movements also remain to be fully understood

2 years of pig network
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Methods

3. Vehicle networks (GPS data) how we are utilizing it

Vehicle Visit = Vehicle Visit VethIe Buffer Between-farm-unit contacts
Time Distance * GPS vehicle tracklnfg
® Farm unit source of contact (/)
e Farm unit contacted (j)
Iy Cumulative elapsed time between farm units / and j
wyy Average temperature between farm units / and j
d Cleaning probability
A Pathogen stability decay rate for each w
E., Edge weight between farm units i and j

Contact layer

Contact matrix

Clean station Ener = 1 * exp(-Awus*Taser) Farmunit A1 | B1 [ ct [ ot
. . Al
81 Eun
c Eua | Ena
D1 Euor | Enor | Ecion

Enor = 1 % exp(-Aow-*Taror) if

Temperature layer [d>X~U(0,1)]
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Results




What we found?

Transportation vehicles vs. between-farm animal movement

Pigs
Trucks (100 x more connected)


https://orcid.org/0000-0001-7552-6144

PigSpread model performance
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PigSpread: good at making predictions?

The average sensitivity and specificity for the weekly forecasts (PRRSV).
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PigSpread: contribution of each route

Percentage contribution of transmission routes (PRRSV).
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Interventions




Farm level model with countermeasures via PigSpread 2.0
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Epidemics on evolving premise-to-premise networks

Targeting 15% to 25% of premises ranked by degree and betweenness was the
most effective at reducing outgoing contact chains (epidemic size).

oegree Random nodes ] cluster costcent
Parameter
Betwoenness [T PageRank Glossanes
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PRRSV spread reduction by re-routing trucks based in outbreaks

What happen if we block transportation vehicles from going from infected to
susceptible farms(PRRSV)?

Finisher Nursery 150 I Sow
100% -5% -37% -16% -?"/n -32% -69% lqo% -3% -21% -21% -18.% -75% -50% 100% -2% -18% -18% -23% -35% -60%
60+ 80 :
1
: .
P} . 100+ - nf
% a0- H
g H vel
H . H
H : i v
3 . H <
s N 40- : H v
H 34 || 4 [ : g {e
E H . = feed
H pigs moved
H -7 || -7 ||=&
20 50 m 3 All vehicles
. ! ) T L]
o o
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Between-farm vehicle movement and cleaning and disinfection

Not event 100% cleaning and disinfection seems to be sufficient.

Combined-vehicle-R1 Feed-vehicle-R1 Pig-farm-vehicle-R1_||Pig-market-vehicle-R1

rvf m
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»
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Major on-farm biosecurity
contributions




Farm level model with countermeasures via PigSpread 2.0
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RABapp™ core

The Rapid Access Biosecurity app (RABapp™) is a web-based tool for enhancing
on-farm biosecurity preparedness and contact tracing across the U.S. swine
industry, available 24/7.

RABap

Rapid Access Biosecurity
Written plan

SPS-biosecurity<:M )
ap view

Standardized & approved SPS plans database
/ state Approved status

\/AnimaI/semen
movement data
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What makes an SPS plan?

Within RABapp™, a completed Secure Pork Supply plan for a single site display all
169 biosecurity features as both a written description (left) and a visual map of

the premises (right).
Written plan Map view of the site

Pirate Pork Farm Enhanced Biosecurity
Plan for FAD Prevention in North Carolina

Date Created: 3/52021
This Biosecurity Plan is based off of the Secure Pork Supply (SPS) Self-Assessment Checklist for
Enhanced Pork Production Bi i i i 2017] and w using

ymber (PIN): 00XYZ12 Ni
d Du

NC 28341

*Animals that are susceptible to FMD include cattle, pigs, sheep, goats, and elk. For biosecurity guidance

Standardized map view
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The Rapid Access Biosecurity (RABapp™)

The RABapp™team has been developed based SPS plans guide + partnership with
SAHOs and swine industry.

1. A protocol/electronic audit for cataloging, reviewing, and approving
biosecurity plans for all 169 fields on an SPS on-farm biosecurity plan .

SPS Plan for Continuity of Business template/guide
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The Rapid Access Biosecurity (RABapp™)

The RABapp™team has been developed based SPS plans guide + partnership with
SAHOs and swine industry.

1. A protocol/electronic audit for cataloging, reviewing, and approving
biosecurity plans for all 169 fields on an SPS on-farm biosecurity plan .

2. A protocol/electronic audit to digitize hand-drawn premise maps into GIS
map files.

1Sps Plan for Continuity of Business template/guide
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The Rapid Access Biosecurity (RABapp™)

The RABapp™team has been developed based SPS plans guide + partnership with
SAHOs and swine industry.

1. A protocol/electronic audit for cataloging, reviewing, and approving
biosecurity plans for all 169 fields on an SPS on-farm biosecurity plan .

2. A protocol/electronic audit to digitize hand-drawn premise maps into GIS
map files.

3. A protocol/electronic audit to receive, curate, and integrate animal
movement data with biosecurity plans and GIS maps .

4. Disease transmission command center for PRRSV (¢), PEDV (), ASF (v/)
[ongoing CSF and FMD].

1Sps Plan for Continuity of Business template/guide
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RABapp™ in numbers

RABapp™ in numbers

1. Total number of companies (large), mid-size, and clinics= 52 with CDAs.
2. Department of Agriculture (SAHOS) = 16 with CDAs.
3. More than 10,000 on-farm biosecurity plans.

Proportion
Pre-aproved status completed
9%

Signed
agreement

A Yes

Major pig
producing
state

[
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RABapp™ big picture

Swine industry
*  Veterinarians
Managers
Producers

@ SPS
SECURE
PORK SUPPLY

www.securepork.org

@

What RABapp team does?

RABap

Rapid Access Biosecurity

b}

Dr. Gustavo Machado ®

NC STATE UNIVERSITY

State animal health office (SAHO)

How will each state use this
information during an FAD outbreak?

1. How quickly can you figure out
which farms has an APPROVED plan,
view plans?

2. How quickly can we find contacts?
Trace-back 30 days + forward

Would you allows pigs from other
states X if you question their SPS
plan (permits)?

April 11,2023
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RABapp™ (electronic audit)

To this

From this /\

Legend Symbol Legend Symbol

LOSAE (LOS Animal Emergency) [e] LOSAP (LOS Access Point) J—
SE (Site Entry) J CRP (Carcasses Removal Pathways) —
PBAAE (PBA Access Entry, nimals only) (o] VM (Vehicle Movements)
DCD (Designated Cleaning and Disinfection vehicle station) ¢ LC (Loading Chute) .
GCD (Generaiized Clearing and Disinection temporary station) & PBA (Perimeter Buffer Area)
ADU (Dumpster for dead animals) [} LOS (Line of Separation) =
TD (Trash Dumpster) A DPA (Designated Parking Area) =
[}

e s+ ‘SA (Supply drop-off Area) D (Carcasses Disposal location)
PBAAP (PBA Access Point) —
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Thanks for listening

Questions?

@ 06
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