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African swine fever (ASF) is a highly lethal infectious disease in naive populations of domestic pigs and wild boar. In Asia, from the first outbreak in August 2018 until the end of November 2021, ASF has been reported in 16 Asian countries. The ASF virus (ASFV) circulation in domestic pigs is considered the main problem in Asia. On the other hand, there are very few reports of ASF in wild boar in this region. However, considering the high wild boar density within the same area of smallholder domestic pig farms in Asia, the occurrence of ASFV infection in wild boar may be underestimated. The role of the wild boar in other ASF epidemiological scenarios, such as Europe, is a key for the maintenance and transmission of the disease. Hence, we performed a preliminary study estimating the extent of ASFV infection in the Asian wild boar population. The potential risk area of ASF-infected wild boar was calculated based on the habitat suitability for wild boar, the kernel density of ASF notification in smallholder farms and wild boar, and the ASFV transmission rate of wild boar. As a result of the analysis, high-, medium-, and low-risk areas were identified throughout Southeast and East Asia. The highest risk area was detected in China, followed by Myanmar, Far East Russia, Thailand, Vietnam, Laos, Cambodia, and the Philippines. Additionally, another risk area was detected from northeastern China to the Korean Peninsula, including Far East Russia. This study shows hot spots where a high risk of infection in wild boar is most likely to occur, helping to control ASF.
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INTRODUCTION

African swine fever (ASF) is a highly lethal infectious disease in naive populations of domestic pigs and wild boar (Sus scrofa) (1). The control of the disease is hampered by the lack of an effective vaccine and treatment, being limited to strict sanitary measures including the slaughter of affected animals and closure of trade borders, which implies important economic losses (2). Due to the unprecedented spread of the ASF virus (ASFV) in recent years through Europe, Asia, and recently reported in American countries (the Dominican Republic and Haiti; OIE-WAHIS, 2021), it is considered a great challenge currently facing livestock health.

In August 2018, ASFV reached the Asian continent for the first time in history, through China (3). In Asia, the disease has spread faster than in Europe, affecting 13 more countries in the following year, in this order: Far East Russia, Mongolia, Vietnam, Cambodia, Hong Kong, North Korea, Laos, Myanmar, the Philippines, South Korea, Timor-Leste, and Indonesia. Currently, the expansion of ASF continues in Asia and, in the last two years, the disease has been notified in four more countries, namely, India, Malaysia, Bhutan, and Thailand. The disease has even reached Oceania, with cases of ASF reported in Papua New Guinea in 2020. Over this time, more than eight million pigs have been reported slaughtered in Asia because of ASF (4), leading to devastating economic consequences. Furthermore, the fact that the largest producer of pigs in the world (China) is extensively infected (4) puts the other disease-free countries at serious risk. It should be noted that the movement and illegal trade of infected pigs and pork products is traditionally the major risk of transboundary occurrence and transcontinental spread of ASFV (5).

Knowing the situation in Europe, the role of wild boars in the maintenance and transmission of ASFV should not be underestimated. When wild boar populations are extensively infected, the disease control is limited (6), and represents a constant risk for the domestic pig sector infection (7). Furthermore, the low virulence of ASFV isolates recently reported in China has resulted in chronically infected individuals (8). If chronic infection among wild boar becomes frequent, the disease would be more difficult to control. The disease in wild boar is similar to that observed in domestic pigs—the symptoms can be hyperacute, acute, or chronic, depending on the virulence of the isolate and the host immune system (9). In case of highly virulent isolates in naive animals, hyperacute and acute clinical signs are observed, characterized by a generalized hemorrhagic picture, high fever, and a lethality rate close to 100% (10).

In Asia, the disease is widely reported in domestic pigs, with sporadic notifications in wild boar. Although some Asian countries have included ASF surveillance in wild populations, such as Far East Russia and South Korea, for the rest of the affected countries, the notifications in wild boar remain scarce (11). However, it is estimated that wild boar population abundance is higher in many areas of Asia than in Europe (12). Additionally, in many Asian countries, smallholder farms (backyard farms) are a widespread type of production system, which lack high levels of biosecurity. This scenario allows direct or indirect interaction between wild boar and domestic pigs (13), enabling the transmission of the ASFV between both hosts. All this suggests that ASF is being underdetected in wild boar populations in Asia (14).

For all this, the aim of this study is to estimate the extent of ASFV infection in wild boar populations in Asia. To achieve this objective, we used data on the suitability habitat for wild boar, ASF notifications in wild boar, and the transmission rate of ASF in wild boar. Following other studies (15, 16), we assumed that the higher risk of wild boar infection exists in the following situations: (i) with a higher density of ASF notifications, (ii) with a shorter distance between the infected individuals, and (iii) with ASF outbreak in smallholder farms which locate inside the suitable habitat of wild boar.



MATERIALS AND METHODS


Study Area

The study area is defined by all the countries of the Asian continent.



Suitability Habitat for Wild Boar

The distribution of the suitable habitat for wild boar was estimated based on the Quality of Available Habitat (QAH) map developed by Bosch et al. (17). The QAH map is a cartographic tool previously suggested as a potential tool for managing ASF (18, 19). Briefly, it is a standardized distribution map based on global land cover vegetation (GLOBCOVER) that quantifies QAH for wild boar. The QAH map provides seven levels of QAH, namely, (i) 0, “absent”; (ii) 0.1, “unsuitable”; (iii) 0.5, “worst suitable area”; (iv) 1, “suitable areas for food or shelter”; (v) 1.5, “suitable areas for food and shelter, but used mainly for the shelter”; (vi) 1.75, “suitable areas for food and shelter, but used mainly for food”; and (vii) 2, “suitable areas for both food and shelter”. In the current study, the QAH map was used to delimitate the distribution of the suitable habitat of the wild boar population in Asia, and to locate and delimitate the contact between domestic pig farms and the wild boar population.



Density of ASF Notifications

Data on ASF notifications were gathered from the World Animal Health Information System (OIE-WAHIS portal) from March 2017 to January 2021. The information we entered into the database from the notifications was the following: geographical coordinates, country, species, number of cases, number of susceptible animals, and date of start of the outbreak.

Since many of the affected countries in Asia do not follow a wildlife surveillance program, not only notifications on wild boar have been used, but also those on domestic pigs that present a high risk of infection to wildlife. To define these latter notifications, two requirements were considered: (i) smallholder domestic pig farms, selecting only those farms with less than 50 animals, and (ii) farms inside or close (<5 km) to the suitable habitat of wild boar based on the QAH map. Overall, these requirements refer to areas with potential direct or indirect contact between wild boar and domestic pigs.

These ASF notifications were transformed into a grid density map (outbreak density map) based on kernel smoothing techniques estimations (ESRI, Redlands, CA, USA) using ArcGIS 10.4, with a range from 0 to 2,069. According to Pfeiffer et al. (20), the transmission of infectious disease is more likely if the at-risk individuals are close to spatiotemporal windows. Therefore, expanding the outbreak density from the origin of the notifications generates an influenced area of potential infection (15, 16).



Potential ASF Dispersal Area

A buffer area was built around the outbreak density map using ArcGIS 10.4 to delimitate the potential spread distribution of the disease in wild boar. The bandwidth of the buffer was calculated considering the spreading speed of the disease and the time it has been present in Asia.

In concrete terms, it has been assumed the spreading speed of ASF in wild boar in the Russian Federation, since it is the closest country to the study area from which this information has been previously studied, is 350 km per year (21). The annual spreading speed has been multiplied by the 3 years of ASF presence in Asia to finally calculate the buffer area [350 km × 3 years = 1,050 km (radius buffer area 525 km)].



Predicting the Risk of ASFV Infection

To predict the risk of ASFV infection in wild boar across Asia, the values of the outbreak density were multiplied by the habitat suitability for wild boar (QAH categories). The spatial resolution was 1 km2. The quantitative risk of the ASFV infection area was extracted using the previously defined buffer to delimitate the ASF dispersal area (Figure 1). Then, the obtained values were rescaled adjusting the risk rank on a scale of 0 to 1. The risk areas were classified into three categories (low, medium, and high risk) based on Jenks' natural break grading method (22). Thus, the sum values of the risk from 0 up to and including 90.2 were considered low risk, the values from 90.3 up to and including 532.6 were considered medium risk, and from 532.7 up to and including 3,049.6 were considered high risk. Finally, for calculating the risk of ASFV infection by country, it was obtained the sum of the risk values of the spatial cells of each country and used the same risk classification.
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FIGURE 1. Scheme of the procedure for predicting the risk of African swine fever virus (ASFV) in wild boar in Asia.





RESULTS

The predicted risk of ASFV infection in wild boar across Asia was spatially quantified and classified into three risk categories: low, medium, and high, as shown in Figure 2 (zoom to South East and East Asia) and in Supplementary Figure S1. The model output shows that southeast Asia concentrates the highest risk areas. However, another major risk area has also been detected from northeastern China to the Korean peninsula, including Far East Russia. Additionally, the model performance is shown in the Korean peninsula and surrounding areas, as an example, in Supplementary Figure S2. The model shows a total of 25 countries at risk from ASF, and 12 more were affected by January 2021, the end of the selected study period. The countries were classified into three risk categories as shown in Table 1. In this way, China resulted in the highest risk. Countries with medium risk were Myanmar, Far East Russia, Thailand, Vietnam, Laos, Cambodia, and the Philippines. The top five countries in low-risk rank were Mongolia, India, North Korea, South Korea, and Kazakhstan. It is important to take into consideration that this rating may be biased due to the size of each country, as it is based on total risk regardless of the size.


[image: Figure 2]
FIGURE 2. Predicted high-, medium-, and low-risk areas of African swine fever (ASF) in wild boar in Asia (Zoom on the estimated extent of ASF virus infection in wild boar populations in South East and East Asia).



Table 1. The prediction of the risk countries of African swine fever virus (ASFV) infection in wild boar in Asia, by country until January 2021.
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DISCUSSION

This is the first study predicting the quantitative risk of ASF infection of wild boar in Asia. Although there are some limitations, these results indicate that the role of wild boar in the spread of ASFV in Asia is underestimated. In addition, the study provides information on high-risk hot spots of infection and ranks countries by risk, pointing out those that could have a greater extent of infected wild boar population in Asia. As it is shown in Supplementary Figure S2, the ASF notifications in wild boar after January 2021 in the Korean peninsula and surrounding areas coincided with the predicted highest risk areas. These results highlight the good adjustment of the model to the new notifications in wild boar.

Once the virus has spread to wild boar, the disease is not easy to control. In case of South Korea, immediately after cases of ASF were reported for wild boar, the government invested great efforts to fence the entire country to try to control the movement of wild boar, but the disease continued to spread (23). In Lithuania, the first case of ASF was notified in 2014, in wild boar. Despite the enormous efforts made to eradicate the disease, it is now considered endemic in wild boar (7), affecting a large part of the country's territory (24). All this proves how difficult and costly in terms of resources and time it is to eradicate it when the wild boar population is widely infected (25). The main economic problem in the circulation of ASFV in Asia is the infection of domestic pigs. However, considering the possibility that the circulation may continue for a long time, knowing the status of ASF cases in wild boar is of great importance for full ASF control.

Establishing a wildlife surveillance system is not an easy task due to its elevated economic and time-related costs. Therefore, the development of epidemiological studies at a large scale is of extreme importance to predict the expansion of ASF in wild boar populations and to measure its impact. Although this study provides a large-scale prediction, further efforts are needed to thoroughly identify the extent of ASFV infection in wild boar in Asia on a local scale. In this way, the bias of the biological limitations over a large geographical area and the different surveillance efforts could be reduced.

As stated above, one limitation of this study is the sampling bias derived from differences among countries in terms of surveillance and disease reporting. As an example, South Korea is one of the Asian countries with the highest ASF notifications in wild boar (11). However, this country does not reflect such a high risk according to our results. This is because South Korea has only a small wild boar-infected area in the north of the country and also because this is one of the few Asian countries that have implemented a wildlife surveillance program. This suggests that there are countries that may have even a larger infected wild boar population than South Korea in the region. Also, this prediction indicates that countries, which have never notified any cases of ASF neither in domestic pigs nor in wild boar during the study period, are at risk, probably for the high density of notifications from neighboring countries. This is the case of Thailand, which has recently notified the disease in domestic pigs (January 2022) and resulted in this study at medium-risk (the fourth most at risk).

A recently published study has found several ASFV-positive wild boar carcasses in Laos and Vietnam (26). These results suggest that these two countries are likely to have a large ASFV-infected wild boar population, which coincides with our results as they are also medium-risk countries (see Table 1).

The results showed the potential natural spread and speed of the disease in wild boar as of January 2021 and under ecological constraints wild boar movement (i.e., spatiotemporally distance to ASF notifications). The posterior notification of cases in Thailand and Bhutan demonstrates that the methodology used here is useful to highlight areas at risk of ASF natural spread. On the other hand, the model output did not include Malaysia, in which ASF cases were reported later. The first reported outbreak was in Borneo Island with no ASF cases reported in the Indonesian or Bruneian parts of the island. Later, the first cases in mainland Malaysia were more than 1,286 km away from the closer ASF notifications in mainland Asia, which also makes introduction by wild boar movements unlikely in the time frame.

It is important to keep in mind certain limitations of this study when evaluating the results and planning future studies. One of them is that the density of domestic pigs has not been taken into account, as well as the distribution of the type of farm. Another aspect to highlight is that the wild boar distribution map is obtained from the prediction of habitat suitability and not from field data. Although this habitat suitability approach has proved to be very effective in predicting the presence of wild boar, it would be advisable for future local studies to have field data that estimate the occurrence of wild boar and their populations.

The information provided in this study is intended to alert about the epidemiological status of ASF in wild boar in Asia and to recognize high-risk hot spots of infection in wildlife. Our results highlight the necessity of considering wild boar in order to properly tackle the prevention, control, and surveillance of ASF. In addition, this map may serve as a guide for implementing risk-based interventions for improving ASF surveillance programs in wildlife.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

EC-F, JB, CA-V, and JS-V provided substantial contributions to the conception and design of the work. JB and CA-V performed the data analysis. EC-F, JB, and SI drafted and refined the manuscript. CA-V and JS-V performed a critical reading and revision of the manuscript. All authors have read and approved the manuscript.



FUNDING

This research was funded by the H2020 VACDIVA 862874 project. EC-F and CA-V are beneficiaries of a Spanish Government-funded PhD fellowship for the Training of Future Scholars (FPU) awarded by the Spanish Ministry of Education, Culture and Sports.



ACKNOWLEDGMENTS

We would like to thank all the members of the SUAT team (UCM).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2022.844209/full#supplementary-material



REFERENCES

 1. Sánchez-Vizcaíno JM, Laddomada A, Arias ML. African Swine Fever Virus. In: Diseases of Swine (Hoboken, NJ, USA: John Wiley & Sons, Inc.), p. 443–452. doi: 10.1002/9781119350927.ch25 

 2. Halasa T, Bøtner A, Mortensen S, Christensen H, Toft N, Boklund A. Simulating the epidemiological and economic effects of an African swine fever epidemic in industrialized swine populations. Vet Microbiol. (2016) 193:7–16. doi: 10.1016/j.vetmic.2016.08.004

 3. Li X, Tian K. African swine fever in China. Vet Rec. (2018) 183:300–1. doi: 10.1136/vr.k3774

 4. FAOSTAT. Data. (2021). Available online at: http://www.fao.org/faostat/en/#home (accessed June 24, 2020). 

 5. Penrith M-L, Bastos ADS, Etter E, Beltrán-Alcrudo D. Epidemiology of African swine fever in Africa today: sylvatic cycle versus socio-economic imperatives. Transbound Emerg Dis. (2019) 66:672–86. doi: 10.1111/tbed.13117

 6. Schulz K, Olševskis E, Staubach C, Lamberga K, SerŽants M, Cvetkova S, et al. Epidemiological evaluation of Latvian control measures for African swine fever in wild boar on the basis of surveillance data. Sci Rep. (2019) 9:4189. doi: 10.1038/s41598-019-40962-3

 7. Mačiulskis P, Masiulis M, Pridotkas G, Buitkuviene J, Jurgelevičius V, Jacevičiene I, et al. The African Swine Fever Epidemic in Wild Boar (Sus scrofa) in Lithuania (2014–2018). Vet Sci. (2020) 7:15. doi: 10.3390/vetsci7010015

 8. Sun E, Huang L, Zhang X, Zhang J, Shen D, Zhang Z, et al. Genotype I African swine fever viruses emerged in domestic pigs in China and caused chronic infection. Emerg Microbes Infect. (2021) 10:2183–93. doi: 10.1080/22221751.2021.1999779

 9. Rodríguez-Bertos A, Cadenas-Fernández E, Rebollada-Merino A, Porras-González N, Mayoral-Alegre FJ, Barreno L, et al. Clinical course and gross pathological findings in wild boar infected with a highly virulent strain of african swine fever virus genotype II. Pathogens. (2020) 9:1–16. doi: 10.3390/pathogens9090688

 10. Gallardo MC, De la Torre A, Fernández-Pinero J, Iglesias I, Muñoz MJ, Arias ML. African swine fever: a global view of the current challenge. Porc Heal Manag. (2015) 1:1–14. doi: 10.1186/s40813-015-0013-y

 11. OIE-WAHIS. World Animal Health Information System. (2021). Available online at: http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/reportarchive 

 12. Lewis JS, Farnsworth ML, Burdett CL, Theobald DM, Gray M, Miller RS. Biotic and abiotic factors predicting the global distribution and population density of an invasive large mammal. Sci Rep. (2017) 7. doi: 10.1038/srep44152

 13. Cadenas-Fernández E, Sánchez-Vizcaíno JM, Pintore A, Denurra D, Cherchi M, Jurado C, et al. Free-ranging domestic pig and wild boar interactions in an endemic area of African swine fever. Front Vet Sci. (2019) 6:1–9. doi: 10.3389/fvets.2019.00376

 14. Vergne T, Guinat C. Pfeiffer DU. Undetected circulation of African swine fever in wild boar, Asia. Emerg Infect Dis. (2020) 26:2480–2. doi: 10.3201/eid2610.200608

 15. Bosch J, Rodríguez A, Iglesias I, Muñoz MJ, Jurado C, Sánchez-Vizcaíno JM, de la Torre A. Update on the risk of introduction of African swine fever by wild boar into disease-free European union countries. Transbound Emerg Dis. (2016) 64:1424–32. doi: 10.1111/tbed.12527

 16. De la Torre A, Bosch J, Iglesias I, Muñoz MJ, Mur L, Martínez-López B, et al. Assessing the risk of african swine fever introduction into the European union by wild boar. Transbound Emerg Dis. (2015) 62:272–279. doi: 10.1111/tbed.12129

 17. Bosch J, Iglesias I, Muñoz MJ, de la Torre A. A cartographic tool for managing African swine fever in eurasia: mapping wild boar distribution based on the quality of available habitats. Transbound Emerg Dis. (2016) 64:1720–33. doi: 10.1111/tbed.12559

 18. Bosch J, Barasona JA, Cadenas-Fernández E, Jurado C, Pintore A, Denurra D, et al. Retrospective spatial analysis for African swine fever in endemic areas to assess interactions between susceptible host populations. PLoS ONE. (2020) 15:e0233473. doi: 10.1371/journal.pone.0233473

 19. Ito S, Jurado C, Bosch J, Ito M, Sánchez-Vizcaíno JM, Isoda N, Sakoda Y. Role of wild boar in the spread of classical swine fever in Japan. Pathogens. (2019) 8. doi: 10.3390/pathogens8040206

 20. Pfeiffer DU, Robinson TP, Stevenson M, Stevens KB, Rogers DJ, Clements ACA. Spatial Analysis in Epidemiology. Spat Anal Epidemiol. (2008) p. 1–154. doi: 10.1093/acprof:oso/9780198509882.003.0001 

 21. Blome S, Kramer M, Hoereth-Boentgen D, Conraths FJ, Depner K, Boehle W, et al. African swine fever in Eastern Europe - A threat also for German pig holdings? Tierarztl Umsch. (2011) 66:291–296. 

 22. Jenks G. The data model concept in statistical mapping. Inter- Natl Yearb Cartogr. (1967) 7:186–90. 

 23. Jo YS, Gortázar C. African swine fever in wild boar: assessing interventions in South Korea. Transbound Emerg Dis. (2021) 68:2878–89. doi: 10.1111/tbed.14106

 24. Postel A, Moennig V, Becher P. Classical Swine Fever in Europe – the current Situation. Berl Munch Tierarztl Wochenschr. (2013) 126:468–475. doi: 10.2376/0005-9366-126-468

 25. Artois M, Delahay R, Guberti V, Cheeseman C. Control of infectious diseases of wildlife in europe. Vet J. (2001) 162:141–52. doi: 10.1053/tvjl.2001.0601

 26. Denstedt E, Porco A, Hwang J, Nga NTT, Ngoc PTB, Chea S, et al. Detection of African swine fever virus in free-ranging wild boar in Southeast Asia. Transbound Emerg Dis. (2021) 68:2669–75. doi: 10.1111/tbed.13964

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Cadenas-Fernández, Ito, Aguilar-Vega, Sánchez-Vizcaíno and Bosch. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-09-844209-t001.jpg
Country Report of Surface (km?) Potential Potential Maximum Sum of risk Risk

ASFV infected infected risk value values category
infection surface (km?) area (%)
China Reported 9,596,961.1 7,520,128.9 78.4 099 30496 High
Myanmar Reported 749,307.04 689,307.0 920 094 5326 Medium
Far east Russia Reported 6,013,593.1 3,013,593.0 50.1 061 4598 Medium
Thailand Not reported® 570,8635 479,8635 828 1 4473 Medium
Vietnam Reported 3895169 369,517.0 949 1 3300 Medium
Laos Reported 267,765.5 267,765.5 100 1 3105 Medium
Cambodia Reported 220,334.4 219,334.4 95 097 1706 Medium
Philippines Reported 377,500.1 277,500.0 735 1 168.1 Medium
Mongolia Reported 1,564,110.1 1,233,060.4 7858 0.43 %02 Low
India Reported 3,402,784.2 402,784.1 1.8 0.64 739 Low
North Korea Reported 120,540.1 108,503.5 90.0 061 652 Low
South Korea Reported 100,210.2 82,904.4 82.7 0.52 28.1 Low
Kazakhstan Not reported 2,724,900.1 272,2008 100 021 262 Low
Bangladesh Not reported 149,0272 141,027.4 96 039 182 Low
Kyrgyzstan Not reported 181,945.9 161,945.9 89.0 0.10 67 Low
Bhutan Not reported® 40,150.2 40,150.0 100 037 48 Low
Nepal Not reported 147,181.1 21,7000 147 022 20 Low
Pakistan Not reported 883,610.1 83,6100 95 0.10 18 Low
Indonesia Reported 3,031,840.2 31,8400 11 028 1.0 Low
Tajikistan Not reported 143,1002 61,2300 428 0.10 07 Low
Uzbekistan Not reported 447,400.1 10,152.6 23 0.10 06 Low
Macao Not reported 40 10.0 25 0.57 06 Low
Timor-Leste Reported 29,800 19,8000 66.4 0.04 03 Low
Afghanistan Not reported 652,864 10,942.1 17 0.05 025 Low
Hong Kong Reported 1,280 1,2000 976 023 023 Low
Malaysia® Not reported® 329,847 . . - - .

The risk classification is shown in three categories: high, medium, and low. Asian countries not included in this table have no results and should be considered as “No risk of AFS natural
spread due to wild boar to date”. *Countries that reported ASFV infection after the period of studly. Although Malaysia was included in the study area, Malaysia did not show risk in our
model. The introduction of ASF in Malaysia by wild boar movements is unlikely based on our available data.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Role of the Wild Boar Spreading African Swine Fever Virus in Asia: Another Underestimated Problem



		Introduction



		Materials and Methods



		Study Area



		Suitability Habitat for Wild Boar



		Density of ASF Notifications



		Potential ASF Dispersal Area



		Predicting the Risk of ASFV Infection







		Results



		Discussion



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

The Role of the Wild Boar Spreading
African Swine Fever Virus in Asia:
Another Underestimated Problem





OPS/images/fvets-09-844209-g001.gif
X

Exiract s buffer of ASF dispersal ares

Predicted risk of ASFV

infection in Asian wild

boar.






OPS/images/fvets-09-844209-g002.gif
PREDICTED ASF RISK
AREA IN WILD BOAR
RISK VALUE










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Veterinary Science





