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			Abstract | African swine fever (ASF) is a viral pig disease that has spread internationally and has a severe impact on pork production in the agricultural sector, trade economy, and social welfare in affected regions. In this context, pork products can potentially be a source of the spread owing to the long persistence of the causal virus. Therefore, this study aims to analyze ASFV genetically from pork product samples in 2019-2023 based on the B646L gene and determine the kinship relationship with reference ASFV in Indonesia and other countries. The study used 38 pork products collected in 2020-2023, consisting of 28 archived samples of ASFV positive, which were imported or transported between domestic regions. The other 10 were imported and local pork products purchased at e-commerce stores to represent samples that were already circulating in the community. Subsequently, the isolates were sequenced and compared with other ASFV isolates to establish the virus genotype. Sanger sequencing was conducted using the B646L gene, which was the most frequently used genetic marker. The phylogenetic tree construction results showed that genotype II was present in the samples, which was similar to Indonesian isolates and other Asian isolates. Therefore, the import of pigs and pork products must be regulated to prevent the entry of other genotypes and wider domestic spread.
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			INTRODUCTION

			African swine fever (ASF) is a viral pig disease that has spread internationally and severely affects trade economy, social welfare, and pork production in the agricultural sector (Bergmann et al., 2022). According to the release of the International Committee on Taxonomy of Viruses EC 52 in October 2020, ASF virus (ASFV) is classified into the class Pokkesviricetes, order Asfuvirales, family Asfaviridae, and genus Asfivirus (ICTV, 2020). The virus retains a double-stranded DNA (dsDNA) genome that measures 170-194 kilobases in length, inverted repeat sequences at the ends, and a hairpin structure. In addition, its genome has more than 150 open reading frames that encode different enzymes, such as structural proteins and multiple enzymes involved in DNA replication, gene transcription, and protein modification (Li et al., 2022).

			ASF was first discovered in Africa in 1921 (Montgomery, 1921), and the first outbreak in Europe occurred in Portugal in 1957 and spread to several Western European countries. The disease occurred in Eastern Europe, Georgia in 2007 and spread rapidly to neighboring countries (Cwynar et al., 2019). In addition, China reported the first outbreak in 2018, which was transmitted to many Asian countries (WOAH, 2021). In mid-2021, ASF began to approach the Americas, with reports in the Dominican Republic and Haiti (CaribVET, 2021).

			In line with previous reports, ASF occurred in Indonesia in early September 2019, with deaths reported in backyard pig in North Sumatra Province (Dharmayanti et al., 2021). At the end of 2019, the government officially declared the entry of the disease into Indonesian territory (MoA, 2019), leading to the spread to 23 provinces in Indonesia (MoA, 2023). In this context, Dharmayanti et al. (2021) conducted nucleotide analysis of ASFV isolates from North Sumatra and West Java. The results showed that the 2 isolates were identical, belonging to genotype II based on a partial B464L gene. B646L gene encodes the main capsid protein p72 that contributes to viral structure. López-Otín et al. (1990) sequenced and analyzed the full length of the p72 encoding gene, laying the foundation for its exploration as a diagnostic gene. At present, 24 genotypes of ASFV have been detected, with the most recent description originating from Ethiopia (Achenbach et al., 2017). All molecular studies on ASFV in Indonesia are from clinical samples, such as blood, swabs, and organs and none has been published regarding the genetic variation analysis from pork products.

			Primatika et al. (2021) stated that a major obstacle faced by the government in controlling and preventing ASF outbreaks was monitoring pork products. These products can potentially be a source of ASF spread between countries and domestic regions owing to the long persistence of the virus. Fischer et al. (2020) stated that ASFV in frozen pork could last around 3 to 4 months, while food products could last 8 to 200 days, depending on the product type and storage. Several investigations have detected ASFV in confiscated pork products in Taiwan (Wang et al., 2019), South Korea (Kim et al., 2019) and Thailand (Songkasupa et al., 2020). ASFV can survive in pig carcasses and meat products, such as Italian salami, pork belly, loin (Petrini et al., 2019), bone marrow (Arzumanyan et al., 2021), and meat exudates (Onyilagha et al., 2021). Therefore, this study aims to analyze ASFV genetically from pork product samples in 2019-2023 based on the B646L gene and see the kinship relationship with references in Indonesia and other countries. The findings could be used in further studies and policy input in the field of trade and control of pork products traffic due to their high potential as carriers of ASFV to countries or regions.

			MATERIALS AND METHODS

			Sample Collection

			This study used 38 samples of pork products, which consisted of 25 archived ASFV positives belonging to the Center for Diagnostic Standard of Agricultural Quarantine (CDSAQ), and 3 archived ASFV positives from the Tanjung Priok Agricultural Quarantine Agency collected in 2020-2023. The 28 samples were pork products imported or transported between domestic regions and first tested in the animal quarantine laboratory. Meanwhile, the other 10 were purchased randomly at e-commerce stores to represent products circulating in the community. Permission to use archive samples for study purposes was approved through letter Number: 2388/KP.320/K.5.A/11/2023.

			DNA Extraction and Amplification

			DNA was isolated from 100 mg of pork products using the High Pure Template Preparation Kit (Roche) following the protocol for isolating nucleic acids from mammalian tissues according to the manufacturer’s instructions (Agüero et al., 2003; Forth et al., 2020). The primers used in this study partially amplified B646L (VP72) gene with the forward sequence 5’-CTG-CTC-ATG-GTA-TCA-ATC-TTA-TCG-A-3’, the reverse sequence 5’-GAT-ACC-ACA-AGA-TC(AG)-GCC-GT-3’ with an amplicon length of 250 bp (King et al., 2003). In addition, the primers were widely recommended by WOAH (2021).

			All samples were tested using conventional PCR to obtain PCR products for genetic analysis. The Mastermix used KAPA2G Fast Readymix (Sigma Aldrich) with a composition of 2× KAPA2G Fast readymix 12.5 µL, forward and reverse primers each 1 µL (0.4 pmol), DNA template 5 µL, and nuclease-free water to ensure the total reaction volume reached 25 µL. Initial denaturation was carried out at 95°C for 3 min, followed by 40 cycles of denaturation at 95°C for 10s, annealing at 60°C for 15s, extension at 72°C for 15s, and a final extension at 72°C for 60s. Samples that showed appropriate DNA bands were used for B646L gene sequencing. Subsequently, PCR products were sent to PT. Genetika Science as a provider of nucleotide sequencing services using Sanger method.

			Data Analysis

			Samples nucleotide sequence data were analyzed with information available on National Center for Biotechnology Information (NCBI) website with isolates from Indonesia and other countries. Nucleotide sequence alignment and phylogenetic analysis were performed using MEGA 11 software (Tamura et al., 2021). A phylogenetic tree was then constructed to determine the genotype and the relationship between the samples and references from Indonesia. These trees were constructed using the maximum likelihood method and the Kimura-2 parameter model with 1000 bootstrap replications, which was used to determine ASFV genotype previously (Anggy et al., 2023; Duc Hien et al., 2023; Qu et al., 2022). Homology analysis compared the percent identity of Basic Local Alignment Search Tool (BLAST) results for the studied samples with ASFV sequence database from NCBI website.

			RESULTS AND DISCUSSION

			The 38 pork products used in this study consisted of 22 frozen and 16 processed meat samples. In addition, 28 showed positive PCR results, as indicated by a 250 bp band on agarose. When viewed per sample type, among 22 frozen meat, 20 positive test results were obtained, and from 16 processed meat, 8 positive test results were found (Figure 1). These results indicated that ASFV resistance in frozen meat was higher compared to processed meat. Previous studies stated that frozen meat ASFV could survive for 90–1000 days (Adkin et al., 2004; Fischer et al., 2020). The absence of processes, such as heating, salting, and curing, as well as storage at low temperatures, made the viability of the virus more stable. ASFV had been reported to have a high level of resistance to environmental conditions and could remain infective for a long period at temperatures below 0°C (Plowright and Parker, 1967). A total of 5 specimens were selected out of the 28 positive samples, for nucleotide sequencing, and this was based on the year of collection, sample type, and visible DNA bands. Information on these samples is presented in Table 1.
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			Figure 1: Pie chart showing the results of the PCR test for ASFV detection for the total samples in this study (n=38) and by sample type.

			The genetic relationship of the samples with ASFV isolates from other genotypes was analyzed by constructing a phylogenetic tree based on B646L gene. The results of phylogenetic tree construction of the samples and 24 other genotypes are shown in Figure 2. The results showed that all samples belonged to genotype II. This study reinforced several reports, stating that ASFV circulating in Indonesia was genotype II, and no other genotypes were found, either based on B464L (p72) gene or E183L (p54) gene (Anggy et al., 2023; Sima and Kharisma, 2023; Dharmayanti et al., 2021; Sanam et al., 2022).

			Table 1: Sample information.

			
				
					
					
					
					
				
				
					
							
							Sample code

						
							
							 Sample identity

						
							
							Type

						
							
							Collected year

						
					

					
							
							A

						
							
							ASFV/Meat/local/2020

						
							
							Frozen Meat

						
							
							2020

						
					

					
							
							B

						
							
							ASFV/Driedmeat/local/2020

						
							
							Dried Meat

						
							
							2021

						
					

					
							
							D

						
							
							ASFV/Bacon/ecom/2022

						
							
							Bacon

						
							
							2022

						
					

					
							
							E

						
							
							ASFV/Meat/import/2023

						
							
							Frozen Meat

						
							
							2023

						
					

					
							
							F

						
							
							ASFV/Meat/local/2023

						
							
							Frozen Meat

						
							
							2023
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			Figure 2: The phylogenetic tree of the African swine fever virus is based on the B646L gene (p72) with 250 bp in size. Phylogenetic analysis was performed using the maximum likelihood method, bootstrap value 1000, and Kimura-2 parameter model.The  sign and red text indicates samples from this study. GenBank accession numbers and genotype are provided for reference sequences.

			Figure 3 revealed the relationship between pork product samples and 4 reference Indonesian isolates from 2019 to 2023, and this came from swab samples, blood, and organs of sick pig. Despite their inclusion in genotype II, these samples were reported to be different clusters. The existence of branch differences between the pork products and the reference isolates from Indonesia was due to differences 

			Table 2: Sequence similarity of the studied samples with sequences from the NCBI database.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Accesion number

						
							
							Country of origin

						
							
							Year of collection

						
							
							Sequence similarity (%)

						
					

					
							
							A*

						
							
							B

						
							
							C

						
							
							D

						
							
							E

						
					

					
							
							OP781309.1

						
							
							Madagascar

						
							
							1998

						
							
							99,60 

						
							
							99,58 

						
							
							99,20 

						
							
							99,58 

						
							
							99,20 

						
					

					
							
							OP781313.1

						
							
							Zimbabwe

						
							
							2005

						
							
							99,60 

						
							
							99,58 

						
							
							99,20 

						
							
							99,58 

						
							
							99,20 

						
					

					
							
							OR428151.1

						
							
							Indonesia

						
							
							2019

						
							
							99,60 

						
							
							99,58 

						
							
							99,20 

						
							
							99,58 

						
							
							99,20 

						
					

					
							
							OR660699.1

						
							
							Serbia

						
							
							2022

						
							
							99,60 

						
							
							99,58 

						
							
							99,20 

						
							
							99,58 

						
							
							99,20 

						
					

					
							
							OR604566.1

						
							
							Indonesia

						
							
							2023

						
							
							99,60 

						
							
							99,58 

						
							
							99,20 

						
							
							99,58 

						
							
							99,20 

						
					

				
			

			The * sign indicates the sample code. The identities of the samples are listed in Table 1.

			in several nucleotides. The discrepancies could be caused by the effects of mutagens, in this case, due to physical and chemical processes, which reacted with DNA and change the structure of individual nucleotides (Brown, 2002).

			Phylogenetics was an excellent approach to understanding the evolution of species. By studying phylogenetic trees, investigators better understood how species evolved while explaining the similarities and differences between types. Phylogenetic studies could help analyze the evolution and similarities between diseases and viruses as well as create vaccines to prevent these diseases (Mahajani et al., 2019).

			Homology analysis of the results of sequencing report samples with ASFV sequence database from NCBI was performed to determine sequence similarity. A total of 5 sequence datasets were obtained from NCBI database collections for 1998, 2005, 2019, 2022, and 2023. All reference isolates showed stable sequence similarity, ranging from 99.20%-99.60% to the samples studied (Table 2). This study revealed that ASFV from pork products in Indonesia had only experienced very few nucleotide changes compared to reference isolates circulating from 1998 to 2023. This was in line with the statement that ASF virus was indeed a virus with a low genome mutation rate, a high level of genetic stability, and evolved very slowly (Cho et al., 2023; Forth et al., 2023; Qu et al., 2022).

			Spontaneous mutation rates between viruses vary widely, and some viruses had the extraordinary ability to adapt to new hosts and environments. RNA viruses mutate more quickly than DNA viruses because RNA viruses were single-stranded, and DNA viruses were double-stranded. Furthermore, genome size was also negatively correlated with mutation rate (Sanjuán and Domingo-Calap, 2016). The large size of ASFV genome was the main factor in the slow virus mutation rate. Although the overall genome mutation rate of ASFV was relatively low, ASFV exhibited genetic and antigenic diversity. However, to date, no study had been able to distinguish the origin of ASFV transmission with certainty by analyzing only the genotype. More complete genome analysis and epidemiological studies were needed to estimate the origin of the virus.

			Analysis of ASFV evolution was mostly carried out based on the conserved B646L gene, and this was gradually becoming the most important typing criterion (Qu et al., 2022). Investigating the molecular characteristics of ASFV during outbreaks was crucial for differentiating between closely related strains, understanding the virus’s origin, and expanding knowledge of the molecular evolution and epidemiology (Giammarioli et al., 2023; Xiong et al., 2021).
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			Figure 3: Phylogenetic tree of studied samples and reference isolates from Indonesia collected in 2019-2023 based on the B646L gene (p72) . Phylogenetic analysis was performed using the maximum likelihood method, bootstrap value 1000, and Kimura-2 parameter model.

			The first appearance of Genotype II was recorded in Georgia in 2007, and it subsequently had a significant impact on the swine industry and the global economy due to ASF pandemic (Mazloum et al., 2023). Clinical manifestation, morbidity, and mortality in domestic pig and wild boar caused by ASFV genotypes I and II were similar, as demonstrated in numerous animal experiments (Blome et al., 2013). ASF in Asia was first reported in China in 2018 and had spread to other Asian countries, including Southeast Asia, such as Indonesia, Vietnam, Timor Leste, Laos, Myanmar, Cambodia, and the Philippines in 2019, Malaysia in 2021, and Singapore in 2023 (FAO, 2023). According to Sur’s (2019) historical analysis, pork illegal import and export were identified as the primary cause of the widespread ASF outbreaks in multiple countries. Fischer et al. (2020) summarized several in-vivo and in-vitro experimental studies on the resistance of ASF virus in pork products. Since ASFV was highly stable in pork products, it could be transmitted whenever such contaminated products were used as swill (Nuanualsuwan et al., 2022).

			Adkin et al. (2004), in a risk assessment regarding illegal imports of meat and meat products, stated that residual pork products through aircraft or ship waste were involved in previous ASFV outbreaks outside Africa in 1960-1985, however, this case has not been proven. According to Goggin et al. (2013), it was concluded that the uncontrolled movement of pork products contaminated with ASF and swill feeding caused the spread of ASF in the Russian Federation during 2007-2012. Sánchez-Vizcaíno et al. (2015) also stated that transporting infected products was the most frequent route for spreading ASF. Wang et al. (2018) posited that the presence of ASF in China could potentially be attributed to the smuggling of pork or offal from ASF-infected Eastern European countries. Sendow et al.(2020) stated that swill feed containing pork products contaminated with ASF could spread and increase the risk of it entering a country, including Indonesia. Pig farmers widely used swill feeding because it was relatively inexpensive compared to commercial feed. Swill feeding posed a very high risk of introducing several diseases into healthy populations, and there was an effective ban on it. Subsequently, pig must not be fed swill containing pork and must be boiled for 30 min with periodic stirring and cooled before feeding (Beltrán-Alcrudo et al., 2017).

			This study proved that ASFV genotype from pork products was the same as the virus circulating in Indonesia in 2019-2023. Pork products were considered the source of ASFV entering Indonesia, given the absence of live pig imports. This could also be carried in passenger carry-on bags on planes or ships, and food waste containing pork products. Furthermore, the illegal entry of live animals could also be a problem, considering that Indonesia was an archipelagic country with many borders. Although Indonesia was no longer free from ASF, regulations for monitoring and inspecting the import of pig and pork products must continue to be implemented to prevent the entry of other genotypes and wider domestic spread.

			CONCLUSIONS AND RECOMMENDATIONS

			In conclusion, B646L gene analysis showed that ASFV isolates from pork products were genotype II, similar to the Indonesian isolates in previous studies and other Asian isolates. Although Indonesia was no longer free from ASF, regulations for monitoring and inspecting the import of pig and pork products must continue to be implemented to prevent the entry of other genotypes and wider domestic spread. Despite the absence of studies on ASFV in pork products in Indonesia, the genetic analysis using other genetic markers was needed for a more complete characterization. In this context, epidemiological studies and viral viability with culture were needed to strengthen the potential of pork products as carriers of AFSV.
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Abstract | African swine fever (ASF) is a viral pig disease that has spread internationally and has a severe impact on
pork production in the agricultural sector, trade economy, and social welfare in affected regions. In this context, pork
products can potentially be a source of the spread owing to the long persistence of the causal virus. Therefore, this study
aims to analyze ASFV genetically from pork product samples in 2019-2023 based on the B646L gene and determine
the kinship relationship with reference ASFV in Indonesia and other countries. The study used 38 pork products col-
lected in 2020-2023, consisting of 28 archived samples of ASFV positive, which were imported or transported between
domestic regions. The other 10 were imported and local pork products purchased at e-commerce stores to represent
samples that were already circulating in the community. Subsequently, the isolates were sequenced and compared with
other ASFV isolates to establish the virus genotype. Sanger sequencing was conducted using the B646L gene, which
was the most frequently used genetic marker. The phylogenetic tree construction results showed that genotype II was
present in the samples. which was similar to Indonesian isolates and other Asian isolates. Therefore, the import of pigs
and pork products must be regulated to prevent the entry of other genotypes and wider domestic spread.
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INTRODUCTION sector (Bergmann ez a/., 2022). According to the release of

the International Committee on Taxonomy of Viruses EC

frican swine fever (ASF) is a viral pig disease that has 52 in October 2020, ASF virus (ASFV) is classified into
spread internationally and severely affects trade econ- the class Pokkesviricetes, order Asfuvirales, family Asfavir-
omy, social welfare, and pork production in the agricultural idae, and genus Asfivirus (ICTV, 2020). The virus retains
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