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ABSTRACT

Under the current African swine fever (ASF) epidemic situation, a science-based ASF-control 
strategy is required. An ASF transmission mechanistic model can be used to understand 
the disease transmission dynamics among susceptible epidemiological units and evaluate 
the effectiveness of an ASF-control strategy by simulating disease spread results with 
different control options. The force of infection, which is the probability that a susceptible 
epidemiological unit becomes infected, could be estimated by applying an ASF transmission 
mechanistic model. The government needs to plan an ASF-control strategy based on an ASF 
transmission mechanistic model.
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ASF TRANSMISSION MECHANISTIC MODEL

African swine fever (ASF) is a notifiable disease in the Republic of Korea because it can be 
transmitted easily between domestic pigs and wild boars and potentially cause catastrophic 
economic damage to the pork industry. The first ASF virus-infected wild boar carcass was 
found in October 2019 in the Republic of Korea [1]. Since the first detection of an ASF 
virus-infected case, the Korean government has been implementing intensive ASF-control 
measures, including fencing, capture-and-removing for wild boars, or enforcing biosecurity 
measures for domestic pig farms. On the other hand, ASF outbreaks in wild boars or 
domestic pigs occurred in 2022. Most of the Republic of Korea is mountainous, making it 
difficult to control ASF [2]. Thus, the government requires a science-based intervention 
strategy to control ASF outbreaks in wild boars and domestic pigs under challenging 
environmental conditions. An understanding of ASF transmission dynamics is required to 
evaluate the effectiveness of ASF-control strategies.

A mechanistic model of ASF transmission is to simulate the kinematics of disease spread in 
the real world [3]. A biological representation of livestock disease transmission dynamics 
includes explicit hypotheses about the infection process, such as susceptible, infectious, 
or removed. In the disease transmission model, the infection process is carried out on an 
epidemiological unit (e.g., infectious host or infectious area). In addition, parameters such 

Received: Oct 26, 2022
Revised: Jan 2, 2023
Accepted: Jan 4, 2023
Published online: Feb 15, 2023

*Corresponding author:
Son-Il Pak
College of Veterinary Medicine and Institute 
of Veterinary Science, Kangwon National 
University, Chuncheon 24341, Korea.
Email: paksi@kangwon.ac.kr 
https://orcid.org/0000-0003-4560-6068

Eutteum Kim  1, Jun-Sik Lim  2, Son-Il Pak  1,*

1 College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, 
Chuncheon 24341, Korea

2IHAP, Université de Toulouse, INRAE, ENVT, Toulouse 31300, France

Mechanistic modelling for African 
swine fever transmission in the 
Republic of Korea

Perspective

© 2023 The Korean Society of Veterinary Science

This is an Open Access article distributed under the 

terms of the Creative Commons Attribution Non-

Commercial License (https://creativecommons.org/

licenses/by-nc/4.0) which permits unrestricted non-

commercial use, distribution, and reproduction in any 

medium, provided the original work is properly cited.

https://orcid.org/0000-0003-4560-6068
https://orcid.org/0000-0001-7278-3559
https://orcid.org/0000-0003-4645-2347
https://orcid.org/0000-0003-4560-6068
http://crossmark.crossref.org/dialog/?doi=10.4142/jvs.22262&domain=pdf&date_stamp=2023-02-15
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0


ORCID iDs
Eutteum Kim 
https://orcid.org/0000-0001-7278-3559
Jun-Sik Lim 
https://orcid.org/0000-0003-4645-2347
Son-Il Pak 
https://orcid.org/0000-0003-4560-6068

Author Contributions
Conceptualization: Kim E, Lim JS; Formal 
analysis: Pak SI; Funding acquisition: Kim E; 
Methodology: Kim E, Lim JS; Resources: Pak 
SI; Supervision: Pak SI; Writing - original draft: 
Kim E, Lim JS; Writing - review & editing: Kim 
E, Pak SI

Conflict of Interest
The authors declare no conflicts of interest.

Funding
This research was supported by Institute 
of Planning and Evaluation for Technology 
in Food, Agriculture, and Forestry (IPET) 
grant funded by the Korea government (No. 
322001-2).

as contact rate with the infectious unit, latent period, infectious period, death rate, and 
transmission to susceptible host are included in the model. The deterministic or stochastic 
characteristics of the parameters can be derived from experimental or observational 
studies or estimated by fitting the model into the observed dataset. If the constructed 
mechanistic model can represent the disease transmission pattern in the real world, it can 
help understand the epidemiological aspects, such as transmission rate or reproduction 
number. Furthermore, the effectiveness of disease control options can be evaluated using 
the mechanistic model. The simulated epidemiological consequences, such as the number of 
infected herds or epidemic duration from different disease control options, can be compared. 
Given the limited human or material resources, policymakers can plan the most efficient 
ASF control strategy by comparing the simulated ASF spread results from different control 
options in ASF mechanistic models. The approaches for building an ASF mechanistic model 
aim to fit the model to the observed dataset from wild boars and domestic pig farms.

The first step of ASF mechanistic model building is to define an epidemiological unit. The 
epidemiological unit in the mechanistic model should match the unit in the disease control 
policy. For an ASF mechanistic model, a domestic pig farm, wild boar, or administrative 
province can be the epidemiological unit. The infection process of epidemiological units is 
driven by a function, the force of infection (FOI), which is defined as the rate (or probability) 
that the susceptible units become infected. The FOI should reflect the epidemiological 
context, which includes transmission 1) between wild boars, 2) between wild boars and 
domestic pig farms, and 3) between domestic pig farms. The FOI of transmission type would 
be specified based on disease spread dynamics between epidemiological units.

First, an ASF transmission among wild boars is associated with the host population dynamics. 
Unfortunately, there is a lack of knowledge about the wild boar population dynamics in the 
Republic of Korea. Therefore, approximating methods for the knowledge gap are required. 
Multiple layers could be included in the ASF mechanistic model, and the wild boar population 
dynamics were simulated on one of the layers. In the layer, the density or the number of wild 
boars, death rate, birth rate, home range, and reproduction rate can be used to simulate 
wild boar population dynamics. The number of wild boars, which is a key parameter for wild 
boar population dynamics, would be estimated using the proxy variables for the intensity of 
the forest, such as the normalized difference vegetation index. The knowledge of wild boar 
experts can be summarized using a quantitative decision analysis, such as multiple-criteria 
decision analysis for estimating the wild boar population density. The other method for 
approximating the number of wild boars is to apply a statistical approach. For example, a 
species distribution model can be used to estimate the wild boar density in the Republic of 
Korea. Environmental factors, such as the standard normalized difference vegetation index, 
the enhanced vegetation index, the solar zenith angle, and the daytime or nighttime land 
surface temperature, could be used to predict the distribution of wild boars in South Korea 
[4]. Most information for estimating the wild boar population dynamics is obtained from 
passive or active surveillance. On the other hand, the surveillance system has limitations of 
delayed detection and underreporting [2]. Thus, an additional method is required to adjust 
the limits of the surveillance results. A hidden Markov model, which assumes the observation 
at a certain time, was generated considering that “hidden from the observer” could be used to 
adjust the delayed detection or underreporting of wild boars.

ASF transmission between wild boars and domestic pigs is related to human behaviors 
and at-farm biosecurity practices [1]. Transmission between wild boars and domestic pigs 
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would be because the pathogen is geographically located adjacent to susceptible animals, 
resulting in local spread. A grid-based compartment simulation model would be appropriate 
to simulate the local spread of ASF based on a mechanistic model. The study area could 
be comprised of a component, and the probability of ASF infection per component can be 
estimated. The wild boar population dynamics, ASF transmission rate, biosecurity level 
of pig farms, or other environmental factors could be added to the model as parameters. 
The Markov Chain Monte Carlo (MCMC) algorithm could estimate the probability of ASF 
infection per component, considering variable parameter values. The goodness of the 
model can be evaluated by examining the converged values of parameters by calculating 
potential scale reduction or effective sample size. In the ASF local spread simulation model, 
the wild boar population dynamics is a key parameter. Thus, the knowledge gap of the 
ecological characteristics of wild boars in the Republic of Korea should be complimented [5]. 
Unfortunately, the number of ASF virus-infected domestic pig farms until October 2022 was 
25 cases, which might not be sufficient to converge the model parameter.

ASF transmission among domestic pigs is associated with livestock vehicle movements, 
including feed delivery, livestock transport, or manure hauling [6]. In the Republic of Korea, 
livestock vehicles are mandatorily registered to the national surveillance system, Korea 
Animal Health Integrated Systems. The epidemiological relationship between the risk of ASF 
transmission and the frequency of vehicle movement can be explored using a mechanistic 
model [7]. The FOI for a farm on a day could be estimated using a Bayesian method [8]. 
Livestock movement factors, such as the risk of infection resulting from ASF-contaminated 
vehicle movement or the infection probability of a vehicle due to visiting an ASF-contaminated 
area, would be parameterized in the model to estimate the posterior distribution of the FOI 
for a farm on a day. The convergence of the model is evaluated using MCMC trace plots or 
Gelman–Rubin convergence diagnostics. On the other hand, the risk of ASF infection due 
to the frequency of livestock vehicle movement can be calculated using a spatial regression 
model. The integrated nested Laplace approximation method would be appropriate for the 
spatial regression model because the number of livestock vehicle movements is enormous. 
If there are a number of areas without ASF outbreak, then a Bayesian zero-inflated Poisson 
model would be applicable to consider the influence of areas without ASF infection. The 
structured spatial autocorrelation of ASF virus-infected areas will be explored using a Morans’ 
I or Getis-Ord Gi statistics for the residuals of the model. A mixed-effects Poisson model could 
estimate the unstructured random effect of spatial autocorrelation.

Within-farm transmission would be added as a parameter in the model to simulate ASF 
spread between wild boars and domestic pigs or among domestic pigs. A reproduction 
number within a pen or between pens would be useful for estimating the within-farm 
transmission rate. A reproduction number of ASF could be calculated using the Wallinga and 
Teunis method with incubation period and serial interval of ASF or estimating the epidemic 
doubling time with infectious period and the observed number of ASF infections. On the 
other hand, there are still knowledge gaps in the epidemiological characteristics of the ASF 
virus in the Republic of Korea. Therefore, transmission experiments or intensive outbreak 
investigation for the previous ASF-infected farms are needed to understand the within-
farm transmission dynamics [9]. In addition, the ASF virus can be transmitted via a vector, 
genus Ornithodoros [10]. The ASF FOI for a farm due to ASF virus-infected soft ticks could be 
parameterized as a probability distribution in an ASF virus transmission mechanistic model.
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Under the ongoing ASF epidemics in wild boars or domestic pig farms in the Republic 
of Korea, an ASF virus transmission mechanistic model should be applied to planning 
an ASF control strategy. A science-based ASF control strategy would be implemented by 
comparing the simulated ASF spread results with different control options (Fig. 1). For 
example, a decision maker could increase or decrease a wild boar hunting intensity in the 
ASF virus transmission mechanistic model and the ASF control option with the most effective 
simulated result, such as the lowest number of ASF virus-infected wild boars or duration 
of ASF epidemics would be selected as the ASF control strategy. The epidemiological or 
environmental context for ASF transmission is different for each country. Therefore, a pig 
farming system or geographical characteristics of a country should be reflected in the ASF 
transmission mechanistic model. For example, epidemiological research on ASF virus 
characteristics in the Republic of Korea should be performed, including the incubation period, 
infectious period, environmental resistance, or serial interval. In addition, ecological research 
on wild boar habitat suitability, wild boar movement, or ASF virus-infected wild boar carcass 
decomposition will also be needed. With the research results, an ASF virus transmission 
mechanistic model can be applied as an ASF-control strategy decision support tool.
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Fig. 1. Hypothetical African swine fever transmission among wild boars for three years of simulation in the 
Republic of Korea by using a grid-based mechanistic model (the percentage indicated the probability that wild 
boars in each grid would be infected with African swine fever virus).



REFERENCES

 1. Kim YJ, Park B, Kang HE. Control measures to African swine fever outbreak: active response in South 
Korea, preparation for the future, and cooperation. J Vet Sci. 2021;22(1):e13. 
PUBMED | CROSSREF

 2. Lim JS, Vergne T, Pak SI, Kim E. Modelling the spatial distribution of ASF-positive wild boar carcasses in 
South Korea using 2019–2020 national surveillance data. Animals (Basel). 2021;11(5):1208. 
PUBMED | CROSSREF

 3. Hayes BH, Andraud M, Salazar LG, Rose N, Vergne T. Mechanistic modelling of African swine fever: a 
systematic review. Prev Vet Med. 2021;191:105358. 
PUBMED | CROSSREF

 4. Kim E, Pak SI. Species distribution modeling for wild boar (Sus scropa) in the Republic of Korea using 
MODIS data. J Prev Vet Med. 2020;44(2):89-95. 
CROSSREF

 5. Hidano A, Enticott G, Christley RM, Gates MC. Modeling dynamic human behavioral changes in animal 
disease models: challenges and opportunities for addressing bias. Front Vet Sci. 2018;5:137. 
PUBMED | CROSSREF

 6. Yoo DS, Kim Y, Lee ES, Lim JS, Hong SK, Lee IS, et al. Transmission dynamics of African swine fever 
virus, South Korea, 2019. Emerg Infect Dis. 2021;27(7):1909-1918. 
PUBMED | CROSSREF

 7. Salines M, Andraud M, Rose N. Pig movements in France: designing network models fitting the 
transmission route of pathogens. PLoS One. 2017;12(10):e0185858. 
PUBMED | CROSSREF

 8. Walker PG, Cauchemez S, Métras R, Dung H, Pfeiffer D, Ghani AC. A Bayesian approach to quantifying 
the effects of mass poultry vaccination upon the spatial and temporal dynamics of H5N1 in Northern 
Vietnam. PLOS Comput Biol. 2010;6(2):e1000683. 
PUBMED | CROSSREF

 9. Hu B, Gonzales JL, Gubbins S. Bayesian inference of epidemiological parameters from transmission 
experiments. Sci Rep. 2017;7(1):16774. 
PUBMED | CROSSREF

 10. Costard S, Mur L, Lubroth J, Sanchez-Vizcaino JM, Pfeiffer DU. Epidemiology of African swine fever virus. 
Virus Res. 2013;173(1):191-197. 
PUBMED | CROSSREF

5/5

ASF mechanistic model

https://doi.org/10.4142/jvs.22262https://vetsci.org

http://www.ncbi.nlm.nih.gov/pubmed/33522165
https://doi.org/10.4142/jvs.2021.22.e13
http://www.ncbi.nlm.nih.gov/pubmed/33922261
https://doi.org/10.3390/ani11051208
http://www.ncbi.nlm.nih.gov/pubmed/33930624
https://doi.org/10.1016/j.prevetmed.2021.105358
https://doi.org/10.13041/jpvm.2020.44.2.89
http://www.ncbi.nlm.nih.gov/pubmed/29977897
https://doi.org/10.3389/fvets.2018.00137
http://www.ncbi.nlm.nih.gov/pubmed/34152953
https://doi.org/10.3201/eid2707.204230
http://www.ncbi.nlm.nih.gov/pubmed/29049305
https://doi.org/10.1371/journal.pone.0185858
http://www.ncbi.nlm.nih.gov/pubmed/20174604
https://doi.org/10.1371/journal.pcbi.1000683
http://www.ncbi.nlm.nih.gov/pubmed/29196741
https://doi.org/10.1038/s41598-017-17174-8
http://www.ncbi.nlm.nih.gov/pubmed/23123296
https://doi.org/10.1016/j.virusres.2012.10.030

