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Pig density data from: Gilbert M, G Nicolas, G Cinardi, S Vanwambeke, TP Van Boeckel, GRW Wint, TP Robinson (2018) Global Distribution Data
for Cattle, Buffaloes, Horses, Sheep, Goats, Pigs, Chickens and Ducks in 2010. Nature Scientific data, 5:180227. doi: 10.1038/sdata.2018.227
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Complex Systems Perspective on Pork Value Chain
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Spread of ASF Virus in Food Systems in South, South-East and East Asia




Examples of Positive and Negative Feedback
Loops in Pork Value Chain

* response to change is key difference between positive and negative feedback
» positive feedback amplifies change
* negative feedback reduces change

* need to be able to predict these when implementing interventions

e examples
* increased number of legal imports
e pork price decreases

* |ocal ASF outbreak

* pork price increases
* increase in illegal imports
* farms increase pig density

* imported feed price increases
* pork price increases
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Top 20 Global Pig Mega Producers (no of sows)
between 2016 and 2023

3,000,000

2,500,000

2,000,000

1,500,000

Number of sows

1,000,000

500,000

&M&mﬁ Gonali

‘L; GEME5U5



Temporal Pattern of Daily Pork Prices since 2017 for
China, Belgium and Brazil (USS per kg live weight)
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Quantitative Aspects of ASFV Transmission
Dynamics within and between Farms Do Matter!!!

* How effective are different transmission pathways between pigs and
between farms?

* How long until an infected pig begins to shed virus?

* How long between start of virus shedding and pigs showing clinical
symptoms?

* How long will pigs shed virus?

* How much virus will they shed and when, and through which
mechanism?
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Assumptions: Infection with ASFV (Georgia 2007/1) and introduced ASFV- infected animal is

infectious immediately after introduction

ASFV infection by exposure to
introduced animal

ASF progression

Latent Asym ptomaic Sym ptomatlc
period infectious infectious
period period
Using max
g ‘»
values

Using most
likely 6.5 days
values

102031415 67 )819110011712]13]14§15]§16§17 181920

Days since infection

From: Guinat, C., et al. (2016). "Transmission routes of African swine fever virus to domestic pigs:
current knowledge and future research directions." Veterinary Record 178(11).



ASFV Model Transmission Parameters

interpretation

Daily number of effective An effective contact is a contact that would result in the transmission of
contacts per unit (beta or 0.62 infection if it occurs between a susceptible and an infectious unit. This is
transmission rate) also called beta

Length of latent period 4 The average number of days that a unit is infected but not infectious;
(days) i.e. length of time from infection to onset of infectiousness.

The average number of days that a unit is infectious without showing
1.5 clinical signs; i.e. length of time from start of infectiousness to onset
of clinical signs.

Length of asymptomatic
infectious period (days)

The average number of days that a unit is infectious while showing
6.5 clinical signs; i.e. length of time from onset of clinical signs to the end
of infectiousness.

Length of symptomatic
infectious period (days)



Within-Herd Transmission Dynamics following
Introduction of ASFv

 spread of ASFV by pig-to-pig contact can be slower than some other
diseases
* 1-2 infected pigs introduced to group
* initially only those 1-2 pigs die
* 1-2 weeks for increased mortality to occur

minimal transmission by aerosol
significant virus shedding does not start before clinical signs appear
relatively low amounts of virus in excretions and secretions from infected pigs

very high amounts of virus in blood and tissues of affected pigs
 efficient transmission through contact or consumption of carcases of pigs or wild boar or their
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Example — Basic Reproduction Number
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Transmission Dynamics of ASFv in Domestic
Pigs - Experiment

Estimation of RO within- and between-pens:

RO,, = 5.0 (95%Cl: 2.4 — 9.1)

RO, = 2.7 (95%Cl: 0.7 — 5.2)

Epidemiol. Infect., Page 1 of 10. © Cambridge University Press 2015
doi:10.1017/50950268815000862

Experimental pig-to-pig transmission dynamics for African
swine fever virus, Georgia 2007/1 strain

C. GUINAT"?* S. GUBBINS?, T. VERGNE', J. L. GONZALES?, L. DIXON?
AnDp D. U. PFEIFFER'

! Royal Veterinary College, Department of Production and Population Health, Hatfield, UK
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Basic Reproduction Numbers for Various Infectious
Diseases
2o 1 0w e0

12 — 18 people
Equine influenza
210 horses A EAEAE A

African swine fever SR GRS G0 R G G aR ' e
2 —10 pigs

2210 pori popoddow

Smallpox {lTP (EP @

3 — 6 people

HIV {l’il\@@

2 — 5 people
i

Infected
individual

SARS
2 — 4 people

2 — 3 people
Influenza 1918
1 — 3 people {[ﬁ

i
Common cold lﬁ‘
i

Ebola
1 -2 people l[’ﬁ‘ https://en.wikipedia.org/wiki/Basic reproduction number
plus other sources



https://en.wikipedia.org/wiki/Basic_reproduction_number

Basic Reproduction Number for ASFV Transmission
amongst Domestic Pigs Within Farms

o Latent Infectious . .
Transmission Basic reproduction

scenario ASFV strain period period number (95% CI) References
(days)  (days)
Experimental studies
Pig-to-pig Direct Georgia 2007 4 3to6 2.8(1.3t04.8) Guinat et al 2016
3to 14 5.3 (1.7 to 10.3)
Indirect 3to6 1.4 (0.6 to 2.4)
3to 14 2.5(0.8 t0 5.2)
Pig-to-pig Direct Malta 1978 3to6 4to 10 18.0 (6.9t0 46.9)  de Carvalho et al 2013
Field studies
Pig-to-pig Within-farm Russia 15 5 9.8 (3.9to 15.6) Gulenkin et al 2011
Pig-to-pig Within-farm Ukraine 7.5(5.7t09.2) Korennoy et al 2016
Pig-to-pig Within-farm Russia 58-9.7 45-8.3 9.8(4.4-17.3) Guinat et al 2017

Updated from: Guinat et al 2016. Transmission routes of African swine fever virus to
domestic pigs: current knowledge and future research directions. Veterinary Record



Basic Reproduction Ratio for African Swine Fever

ASFV ASFV Isolate

Duration of infectious

Between-herd R,

Within-herd R,

References

Genotype period (days)
Il 6.8 (5.0-8.6) Belyanin et al. (2011)
I Malta-78; 6.8 +1.8; 18.0 (6.9-46.9) De Carvalho Ferreira et al.
Netherlands-86 4614 (2013)
Il Armenia-08 2-9 6.1 (0.6-14.5); Pietschmann et al. (2015)
5.0 (1.4-10.7)
Il Georgia 2007/1 3-14 2.8 (1.3—4.8) within a pen;  Guinat et al. (2015)
1.4 (0.6-2.4) between pens
Il Russia 5-15 2-3 4-11 Gulenkin et al. (2011)
IX Uganda 3.24 (3.21-3.27) Barongo et al. (2015)
1.63 (1.6-1.72)

1.9 (1.87-1.94)

I Ukraine, 1977

7 (within a farm); 1.65 (1.42-1.88)

19 (between farms)

7.46 (5.68-9.21)

Korennoy et al. (2017)

Il Russia 4.5-8.3 4.4-17.3 Guinat et al. (2018)
Il Russia - 1.58 (1.13-3.77) Iglesias et al. (2016)
(wild boar)
Il Czech Republic 6 1.95 Marcon et al. (2020)
Belgium (wild boar) 1.65

From: Gulenkin, V.M., Korennoy, F.I., Karaulov, A.K., 2020. Basic reproduction number for certain infectious porcine diseases: estimation of required level
of vaccination or depopulation of susceptible animals. Veterinary Science Today, 179-185.




Basic Reproduction Number for Different Pig Diseases - Part 1

Duration of
Pathogen : mfect.lous Between-herd Within-herd RO References
(genome/strain) period RO
(days)
CSF 18 2.9 Stegeman et al. (1999)
CSF 36 (Paderborn strain) Weesendorp et al. (2009)
17 (Brescia strain)
CSF 3.39 (between 15.5 (within a pen) Klinkenberg et al. (2002)
pens)
CSF 32 13.7 Laevens et al. (1999)
81.3 (for weaner pigs)
FMD 2.3-6.5 40 (non-vaccinated) Eble et al. (2008)

11 (single-dose vaccinated)
1 (four-fold-dose
vaccinated)

APP from 2 days 10 Velthuis et al. (2003)
to several
weeks

From: Gulenkin, V.M., Korennoy, F.I., Karaulov, A.K., 2020. Basic reproduction number for certain infectious porcine diseases: estimation of required level of
vaccination or depopulation of susceptible animals. Veterinary Science Today, 179-185.
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Epidemix Case Studies in Chinese Language

Select model type @ Visualisation Data table Parameter compare Scenario exercise
e3¢ Generic “ Disease-specific G e s ) : , \ R ; b
FEMTE E - Fo B FEAFENEE (African Swine Fever ; ASF) EREEFTRBHSSES M T RNUSERFNH @ Simplified Chinese (S{fta 0y

. Epidemix FRE1ER -
‘ African Swine Fever (ASF) qap -

The ASF model is pre-populated with published parameter settings for ASF

(Guinat et al. 2016) and includes an extended functionality which allows users

to add delays in the disease control process to investigate their impact on
Read more

2 3 4 5 (6
B Download parameters X Upload parameters ey LSt i Ny L&
(=M BifE% ZH MEAE Sk 2E

& Load pre-defined parameters

Specify details of the model parameters below.

|C Reset parameters| MRS SRS Epidemix S IFIEMIEE (ASH) BEMNEEDHS BN ERINE

ENER - LRESEESIRATE 3040 284 552 -
Select infection states to consider @
Current selection

ChE s ASFERZE— T EIREEIER MRS F CEERRTHENERESERESR

All units are removed at end of infectious period (Guinat & » 2016) - FOILIEN " HFEERN | TPHNBEEENIEM - WNE Faverjon F
Removed units are not replaced (closed population selected) Qo2 ERTMEDHIFELTHEMEMAER - HEEFEHNHLITETARE
Atieend EhRIEaiols peiod: A R ats ferved FPMEEREERHSENAERAAR  ANEEN LRSEEEABTEE ZacEN
K& - BT AR LSRR TEESL (World Organization for Animal Health ;

WOAH) 8 (FEMIBEXFRIEIEE) ( The African Swine Fever Compartmentalisation
Guideline document ; WOAH » 2021 ) XH&E&&EH -

Define host population features @
Current selection

Population size = 100 SETF S ERAEAGESEINT T -

Closed population
@ Edit

Define infection and transmission features @
Current selection




Cumulative number of infectious pig days
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‘Normal” Background Mortality in Pig Herds

e average pig mortality during finishing phase (in 2018)
* 2.9% in European Union
* 4.5% in USA

* pigs spent 111 days on average in finishing section (in 2018 in EU),
= daily average pig mortality of 0.03% (3 pigs per 100)
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Conclusions
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Conclusions

 effective communication requires understanding of underlying system and
roles of different stakeholders and actors

* learn from stories, every outbreak contributes a different ‘story’

* adopt complex systems approach to dealing with ASFV
* need to consider biological, ecological, social, economic and cultural factors
* recognise positive and negative feedback loops

* is ASFV a “slow” pathogen?
* slower than CSF, but highly variable
* beware of potentially long infectious period
* emerging new strains
e consider using dynamic models to explore quantitative impact on visibility of clinical

signs and mortality for farmers and their staff
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