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Abstract

:

African swine fever (ASF) is a highly contagious viral infection of domestic and wild pigs with high mortality. First reported in East Africa in the early 1900s, ASF was largely controlled in domestic pigs in many countries. However, in recent years ASF outbreaks have been reported in several countries in Europe and Asia. The occurrence of ASF in China, the largest pork producer in the world, in 2018 and in India, the country that surrounds and shares open borders with Nepal, has increased the risk of ASF transmission to Nepal. Lately, the pork industry has been growing in Nepal, overcoming traditional religious and cultural biases against it. However, the emergence of viral infections such as ASF could severely affect the industry’s growth and sustainability. Because there are no effective vaccines available to prevent ASF, the government should focus on preventing entry of the virus through strict quarantine measures at the borders, controls on illegal trade, and effective management practices, including biosecurity measures.
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1. Introduction


African swine fever (ASF) is a devastating and economically important infectious disease of domestic and wild pigs with a high mortality rate. ASF is caused by the ASF virus (ASFV), a large double-stranded DNA virus of the Asfarviridae family. It is one of the diseases notifiable to the World Organization for Animal Health [1]. First described in East Africa in the early 1900s, ASFV subsequently spread to the European countries and the Caribbean but was largely controlled in domestic pigs by the end of 20th century [2]. The 21st century outbreaks of ASF in Georgia (2007), the Russian Federation (2007), China (2018), India (2020), and other European and Asian countries indicate its potential emergence as a major health threat to the global pig population [2,3].



Nepal is an agricultural country where the livestock sector alone contributes around 11.5% of gross domestic product (GDP) [4]. There are about 7.3 million cattle, 5.2 million buffalos, 0.8 million sheep, 11 million goats, and 1.4 million pigs in Nepal [4]. With reduced cultural bigotry toward pigs and pork consumption, and increased support and promotion of pig husbandry by the Government of Nepal, pig farming has been expanding in recent years [5]. In the past decade (from 2008/9 to 2018/19), the pig population and pork production in Nepal increased by 42.30% and 68.19%, respectively (Figure 1) [4,6]. Pork comprises 8% of total meat production in Nepal, and pork consumption is <1 kg per capita, out of a national average of approx. 11 kg of total meat consumed per capita [7].



Pig farming is conducted in each of Nepal’s 77 districts. Jhapa district in the lowland plains (Terai) ranks first in pig population, with over 80,000 pigs, while Mustang in the trans-Himalayan climatic zone, with less than 100 pigs, ranks last (Figure 2) [7]. The pig population is higher in Provinces 1 and 5, where pig farming ethnic communities predominate (Figure 2) [7].



While pig farming is growing in Nepal, diseases such as ASF could jeopardize this industry, which already suffers from challenges in pig breeding, marketing, feed availability, and the management of other pig diseases. The recent outbreaks of ASF in Assam, India [3], which is around 670 km away from Nepal, and in China [8], the world’s largest pork producer and another country neighboring Nepal, are alarming signs and big threats to the Nepalese pig industry. In this scenario, this paper reviews the epidemiology of ASF globally and in Asian countries, with special emphasis on the challenges and future perspectives of ASF in Nepal.




2. African Swine Fever


African swine fever virus (ASFV) belongs to the Asfivirus genus in the Asfarviridae family and is the only known DNA arbovirus [2]. ASFV is an icosahedral, linear double-stranded DNA virus with a 170 to 190 kbp genome and an average diameter of 200 nm [9]. The virion has an outer envelope, capsid, inner envelope, core-shell, and nucleoid [9]. Genotyping of ASFV is based on the nucleotide sequence of a 478 bp variable region in the C-terminus of the viral p72 gene [2,10]. There are 24 genotypes of ASFV and 8 serotypes based on viral hemagglutinin CD2-like protein (CD2v) and C-type lectin [2].



Domestic pigs, wild suids, and soft ticks are the hosts of ASFV. Common warthogs (Phacochoerus africanus) are believed to be the original vertebrate host of ASFV and the most important reservoir host in Africa [11]. Virus transmission occurs through direct contact with an infected animal; indirect contact with contaminated objects; consumption of infected meat; and through the bites of tampans (Ornithodoros spp.) [12]. Transport of infected animals and contaminated products is one of the major reasons for the transmission and spread of the virus [13]. Airborne transmission over short distances has also been identified as a possible route [12,14]. The stable fly (Stomoxys calcitrans) can also act as a mechanical vector up to 48 h after ingesting the virus [15]. ASFV can be excreted in genital secretions but sexual transmission is not yet known [12].



The incubation period for ASF is 2–7 days, and it varies according to the route of infection [16]. The disease can be classified as peracute, acute, subacute, or chronic [17]. In the peracute form, most of the animals die without any clinical signs and minimal gross lesions, but hemorrhages will be evident during post mortem [17]. However, some animals may exhibit clinical signs such as fever (41–42 °C), rapid respiration, or hyperemia of the skin along with 100% morbidity and mortality [16]. Acute and subacute forms are commonly observed and are caused by highly and moderately virulent strains, respectively [16]. The signs associated with the acute form are elevated body temperature (40–42 °C), anorexia, apathy, inactivity, cyanosis in the extremities of legs, ears, and tail, vomiting, epistaxis, abortion, and death with 90–100% mortality within 7–10 days [13,14,17]. Diarrhea is associated with the acute form during secondary bacterial infection [16]. Early leucopenia, splenomegaly, and extensive necrosis and hemorrhage of lymphoid tissues are observed in the acute form [14]. The subacute disease is manifested with clinical signs similar to the acute cases but in a less severe form [17]. Fever and reduced feed intake are observed for 10–12 days [16]. Mortality can be anywhere between 30–70%, and the surviving animals can recover within 2–3 weeks [14]. Infection with a low virulent strain causes a chronic disease that does not show any specific clinical signs or vascular lesions, but lesions can be observed in bacterial coinfection [13]. It may persist for a longer duration and clinical signs such as pneumonia, stunting, emaciation, arthritis, and skin ulcers may be seen, with hemorrhages during post mortem along with fibrinous pericarditis and pleuritis [17]. Poor growth, oscillating fever, skin lesions, and soft painless swelling of joints are also associated with the chronic form [16].




3. Global Epidemiology of African Swine Fever


ASF was first reported from East Africa in 1921 [18]. It was also reported in southern, central, and West Africa during the early 1900s and is maintained in one of the three different transmission cycles: the sylvatic, tick-domestic pig, and domestic pig cycles [18]. Portugal had an outbreak of ASF in 1957, for the first time outside of Africa [13]. Several other outbreaks subsequently occurred in Western Europe in the 1970s and 1980s (Figure 3) [13]. ASF outbreaks in South and North America mainly occurred in the 1980s. To date, Papua New Guinea is the only Australian country to report its first outbreak of ASF, in 2020 [19,20].The spread of the ASF virus can be attributed to the growth in the pig population and production; presence of a reservoir non-symptomatic pig population; and globalization [13]. In the 21st century, ASF outbreaks have been reported from several European, African, and Asian and Pacific countries (Table 1) (Figure 3) [12,14,20].



ASF was first reported in India in January 2020. Subsequently, a total of 11 confirmed outbreaks (nine in Assam and two in Arunachal Pradesh) resulted in over 4100 ASF cases [21]. Over 3700 pigs died due to ASF, whereas around 14,000 pigs were culled in Assam alone [21]. Since the confirmation of the first outbreak in Liaoning Province on August 2018, China has reported 165 ASF outbreaks, with 1,193,000 pigs culled [22].



The current epidemiological data show that Europe accounts for the highest share of ASF outbreaks (66.87%), compared to Asia (32.72%) and Africa (0.41%) (Table 2) [20]. However, the majority of European outbreaks have been in wild boars, while those in Asia have been in domestic pigs. The loss of domestic pigs due to ASF has been very high (80%) in Asian countries compared to countries on other continents (Table 2). The persistence of ASF in wild boars and increasing outbreaks in domestic pigs have raise serious concerns for the global pig industry.




4. Factors Contributing to the Spread of ASF in Asia


Four of the top 10 pork producing countries in the world, namely China, Vietnam, the Philippines, and South Korea are in Asia; they produce 34,000, 2250, 1450, and 1350 thousand metric tons of pork, respectively [23]. Historically Asian countries have been less affected by ASF, probably due to the implementation of proper sanitary regulations and strict rules for the trade in animals and animal products [11]. Periodic outbreaks of other viral and prion diseases including BSE, influenza, and classical swine fever have further alerted Asian countries to strengthen their veterinary services and regulations [24].



In recent years, outbreaks of ASF have been reported from many Asian countries, including China, Laos, Vietnam, and India (Table 3) [25]. China is the key Asian country for the production and supply of pork to the global market. China also has international trade with various countries in Africa, where ASF is endemic and reemerging [11]. Therefore, outbreaks of ASF in China put all other Asian countries at high risk of ASFV transmission.



The transport of live animals and pig products supports the spread of the virus at the regional level. Most Asian countries practice a system of free-range pig husbandry that causes endemic outbreaks of ASF. Illegal trade in pigs and pig products also favor the entry of ASFV and outbreaks of ASF in new areas [26]. Besides this, wild pigs may also serve as a reservoir of ASFV to Asian domestic pigs. Factors contributing to the spread of ASF in Asian countries, including the role of the soft tick Ornithodoros (Alectorobius) spp., wild boar, and the illegal trade, need further study [27].




5. Prevention and Control of ASF


There is no vaccine available for the effective control of the ASFV infection [13]. Once the disease is established in an area, it is extremely difficult to eradicate because ASFV can survive in meat and meat products, feeds, and various reservoirs including wild boars and ticks [17]. Culling a large number of pigs to prevent virus spread is one measure that has been successful. However, it faces ethical, environmental, and financial challenges [28]. Use of strict biosecurity measures remains the most effective method of ASF prevention. Limiting the access of people and vehicles into farms, requiring the use of separate clothing and boots inside farms, and the use of disinfectants and footbaths can reduce virus transmission [12]. The movement of pigs from infected areas must be restricted. Contact between wild boars and domesticated pigs should be prevented. Contaminated garbage from international airports and docks that are an important source of the virus should be incinerated instead of being fed to pigs [14]. Raising awareness among all the involved stakeholders, ensuring effective communication among them, launching user-friendly practical courses in biosecurity, and providing incentives such as compensation and insurance fees can be other effective aids to ASF preventive measures [29]. Contingency plans should be designed and made ready to implement when necessary, considering the geographical location, economy, epidemiological situation, and status of ASF in neighboring countries [14].




6. Risk of ASF in Nepal


ASF has created havoc in the pork industry worldwide. Even though ASF has been reported historically across Africa, America, Europe, and the Caribbean [30], its recent introduction was in 2007 in Caucasus, Georgia, followed by a rapid spread across Europe, Asia, and Africa [31]. Being a transboundary animal disease (TAD), the easy spread of the ASF virus through pigs and pork, contaminated feed, and equipment presents a great threat to pig-importing countries that lack proper surveillance and quarantine measures [32].



Nepal is a small landlocked country bordering China to the north and India on its other borders. The emergence of any new diseases in either of these neighboring countries presents a high risk of transmission to Nepal, owing to leaky borders, ineffective surveillance, and illegal imports of animals and animal products (Figure 4). Amid the introduction of ASF in surrounding countries, the government of Nepal imposed a ban on the import of pigs and pig products. However, illegal imports of these products are still an issue [33,34,35]. The pork industry has gained momentum in Nepal with a sustained growth trend in pork production and consumption through the past decade [4,6]. With the outbreaks of ASF in both neighboring countries, Nepal’s pork industry is now on the radar of this disease.



Nepal has both conventional and modern pig farms, the majority of which are conventional with 1–2 pigs. Swill feeding is common in Nepal. Most of the pigs in the conventional system are raised on kitchen waste, grain by-products, and food industry by-products [36]. A large number of pigs are slaughtered on the farm itself as there are no registered pig slaughterhouses [37]. The practice of swill feeding along with slaughtering the animals on the farm are known as factors responsible for the spread of ASFV infection [38]. Most pig farms in the country have been built with locally available materials such as bamboo or wood laid upon mud rather than concrete [39,40]. In a majority of farms, there are no separate allocations for mating or farrowing, and the farms operate under poor sanitation measures [39]. The biosecurity measures at most of the farms are far from the basic standards. In addition, there is evidence of wild boar encroachment in agricultural fields and pig farms in different parts of the country [41,42]. The wild boars can be a potential source of infection for domestic pigs and even responsible for cross-country pathogen transmission, as the national parks and conservation areas in Nepal and India adjoin one another.



Between August 2018 and November 2019, China culled around 12 million pigs from 160 ASF outbreaks, losing billions of yuan [43]. A bilateral agreement between Nepal and China regarding the exchange of pigs and pig products can be risky if strict quarantine measures are not followed [44]. Nepal’s other neighbor, India, confirmed its first ASF cases in mid-May in Assam and Arunachal state, which have already culled around 15,000 pigs [45]. Besides China and India, there are several Asian countries such as South Korea, the Philippines, Vietnam, Cambodia, Hong Kong, and Vietnam that pose a constant menace to the Nepalese pork industry directly or indirectly through several international boundaries [46]. With the initial understanding of the infection in Arunachal Pradesh and Assam passing through Tibetan borders, the transmission in Laos and Myanmar, and a high number of deaths in China, the possibility of entry and existence of the virus in Nepal through the chain of international borders cannot be overlooked [46,47].




7. Challenges for ASF Control in Nepal


Nepal has not reported any cases of ASF as of 25 June 2020 [34], but the growth trend in pork imports through the past several years suggests an increased risk of virus entry into the country [48]. Apart from annual official imports of 8000–10,000 pig heads via India and 130 tons of pig products through China, Thailand, and Denmark, Nepal faces illegal imports of pigs through open borders coupled with ineffective quarantine measures [34,35]. Moreover, Nepal and India share transboundary wildlife habitats such as Chitwan National park and Valmiki Tiger reserve, Shuklaphanta National park, and Dudhwa Tiger Reserve, providing easy access for the movement of wild boars and increasing the transmission threat through sylvan routes [49]. Although the exact population of wild boar (Sus scrofa) is unknown, the number is likely to be increasing due to government protection of forest habitats [50]. A lack of programs for surveillance of ASFV in wild boars, lack of molecular diagnostic laboratories, very small budget allocations for wildlife research, porous borders, and a smaller pool of technical manpower are major challenges for ASF control in Nepal. The ability of the virus to resist harsh environmental conditions, paired with the traditional swill feeding system to raise pigs [40], could trigger havoc with impending severe losses in the Nepalese pork industry. Moreover, the lack of an effective vaccine against ASF, ineffective disease surveillance, and minimal awareness of the dynamics of disease transmission among traditional pig farmers may create complications in disease control once the virus is introduced [51].




8. Future Perspectives


Nepal’s government and related stakeholders may find it extremely difficult to control an epidemic of ASF after its introduction, judging from previous disease outbreak scenarios [52]. Amid fear of an ASF outbreak, the ban on the imports of pig products by the government [33] is certainly a good start, but as long as the illegal trade continues in the system [53], the imposed ban may not have any significance. Strict quarantine measures at the borders; strong coordination among national, federal, and local governments for disease surveillance and reporting; restriction of illegal transport of pigs and pig products; awareness of the transmission dynamics of the disease among traditional and modern pig farmers; and adoption of strict biosecurity measures by pig farms are essential to containing the potential hazard posed by the virus. The travel restrictions amidst the coronavirus pandemic may have reduced the transmission probability for the time being, but the entry of the virus through any of the borders is likely to have substantial effects on the pork industry in Nepal that may result in pig losses due to deaths or culling; decreased production; reduced exports of pig products; and lower income for a very long time [34].




9. Conclusions


Nepal has not reported any cases of ASF yet. However, ASFV has been circulating in China for a few years now and has recently been reported in various states of India. Outbreaks of ASF in two neighboring countries with which Nepal conducts trade in animals, feeds, and animal products raise concern over the potential for cross-country transmission of ASFV. Moreover, the risk is compounded as Nepal shares an open border with India, and illegal trading in animal and animal products through the open border is possible. In these circumstances, the Nepalese government needs to be more vigilant to prevent the entry of ASF in Nepal. Strict quarantine measures should be employed at the borders and the illegal trade in animals and animal products must be controlled. In addition, preparedness will be necessary for the early detection and management of ASF through epidemiological tracing and tracking; the culling of infected animals; disinfection of contaminated farms; and financial support to farmers to avert tremendous socioeconomic losses that may jeopardize the slowly but steadily growing pork industry in Nepal.
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Figure 1. Pig population and pork production from the year 2008/09 to 2018/19 in Nepal [4,6]. 
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Figure 2. Pig population in different districts of Nepal [7]. Map was created using ArcGIS version 10.8 (ESRI, West Redlands, CA, USA). 
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Figure 3. Map of world showing ASF outbreaks from 1921 to 2020 [12,14,20]. Map was created using ArcGIS version 10.8 (ESRI, West Redlands, CA, USA). 
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Figure 4. Potential risk factors for ASF in Nepal. 
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Table 1. Outbreaks of ASF in European, African, Asian, and Pacific countries in the 21st century [12,14,20].
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Year

	
Europe and Transcaucasia

	
Africa

	
Asian and Pacific Countries






	
2000

	

	
Gambia (The)

	




	
2002

	

	
Burkina Faso, Ghana

	




	
2007

	
Armenia, Georgia

	
Mauritius

	
Russia




	
2008

	
Azerbaijan

	

	
Iran




	
2010

	

	
Central African Republic, Chad

	




	
2011

	

	
Ethiopia, Liberia

	




	
2012

	
Ukraine

	

	




	
2013

	
Belarus

	




	
2014

	
Estonia, Latvia, Lithuania, Poland

	
Cote d’Ivoire




	
2016

	
Moldova

	
Mali




	
2017

	
Czech Republic, Romania

	




	
2018

	
Bulgaria, Belgium, Hungary

	

	
China




	
2019

	
Slovakia

	
Sierra Leone

	
Mongolia, Vietnam, Cambodia, Hong Kong, Korea (Dem. People’s Rep.), Laos, Myanmar, Philippines, Korea (Rep. of), Timor-Leste, Indonesia




	
2020

	
Serbia, Greece

	

	
Papua New Guinea, India
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Table 2. Cases of ASF reported from different continents from 2016 to 18 June 2020. (Losses include dead and culled animals) [20].
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Region

	
Swine

	
Wild Boar

	
Total Outbreak

	
Total Cases




	
Outbreak

	
Susceptible

	
Cases

	
Losses

	
Outbreak

	
Cases






	
Asia

	
9928 (69.28%)

	
8,107,951 (79.63%)

	
115,309 (14.37%)

	
6,733,791 (82.08%)

	
631

(3.51%)

	
1121 (3.65%)

	
10,559 (32.72%)

	
116,430 (13.97%)




	
Europe

	
4271 (29.80%)

	
1,859,480 (18.26%)

	
625,269 (77.90%)

	
1,383,372 (16.86%)

	
17,307 (96.48%)

	
29,513 (96.35%)

	
21,578 (66.87%)

	
654,809 (78.59%)




	
Africa

	
128 (0.89%)

	
213,795 (2.09%)

	
61,459 (7.66%)

	
85,539

(1.04%)

	
0

	
0

	
128

(0.39%)

	
61,459 (7.38%)




	
America (South and North)

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Australia and Oceania

(Papua New Guinea only)

	
4

(0.03%)

	
700

(0.02%)

	
500 (0.07%)

	
396

(0.02%)

	
0

	
0

	
4

(0.02%)

	
500 (0.06%)




	
Total

	
14,331 (100%)

	
10,181,926 (100%)

	
802,564 (100%)

	
8,203,098 (100%)

	
17,938 (100%)

	
30,634 (100%)

	
32,269 (100%)

	
833,198 (100%)
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Table 3. Outbreaks of ASF in Asian and Pacific regions. (2018–7 January 2021) [25].
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	Country
	Total Outbreaks
	Ongoing Outbreaks
	Total Animal Losses





	Vietnam
	8979
	1336
	5,971,717



	Korea (Rep. of)
	873
	873
	28,740



	Indonesia
	521
	521
	38,123



	Russia
	205
	7
	7753



	China (People’s Rep. of)
	186
	20
	391,523



	Laos
	151
	10
	39,944



	Timor-Leste
	126
	126
	405



	Cambodia
	13
	0
	3673



	India
	11
	11
	3701



	Mongolia
	11
	0
	2855



	Myanmar
	10
	2
	232



	Papua New Guinea
	4
	4
	397



	Hong Kong
	3
	0
	4163



	Korea (Dem. People’s Rep. of)
	1
	1
	99



	Total
	11,545
	3214
	6,835,482
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