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Abstract

On 7 March 2019, African swine fever in a domestic pig farm was detected in Guangxi Province of China. The phylogenetic
analysis showed that its causative strain contained two tandem repeat sequence insertions in the intergenic region between
the I73R and the I329L genes, and was different from previously reported strains in China and other countries.
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African swine fever (ASF) is one of the most important and
dangerous viral diseases of pigs, which is caused by African
swine fever virus (ASFV), a large and enveloped double-
stranded DNA virus, belonging to the Asfarviridae family,
genus Asfivirus. ASF was first described in Kenya in 1921
and spread outside Africa to the Iberian Peninsula in 1957
and to the Caribbean region in 1971. After national cam-
paigns against ASF, most countries outside Africa eventu-
ally eradicated ASF (with the exception of Sardinia) in the
late twentieth century. However, in 2007 ASFV re-entered
Continental Europe due to a single incident in Georgia and
continued to rapidly spread to neighboring countries [1]. In
2018, ASF spread into Hungary, China [2], Bulgaria, Bel-
gium [3] and hit Mongolia, Vietnam [4], Cambodia, North
Korea, Laos in the first half of 2019, and further struck Slo-
vak Republic in July and Myanmar in August.

On 7 March 2019, a domestic pig farm with 3172 pigs
was confirmed with ASFV infection by the China Ani-
mal Disease Control Center (CADC) of Guangxi Zhuang
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Autonomous Region. The location was approximately
300 km away from Vietnam (Fig. 1). On 12 March 2019,
China Animal Health and Epidemiology Center (nomi-
nated as National African Swine Fever Reference labora-
tory) received five tissue samples (including spleen, inguinal
lymph nodes, and mesenteric lymph nodes from two pigs)
and performed the phylogenetic analysis and sequence align-
ment based on the comparison among the Sanger sequencing
of B646L (encoding p72), E183L (encoding p54), CP204L
(encoding p30), central variable region (CVR) of the ORF
B602L, EP402R (encoding CD2-like protein) and tandem
repeat sequences (TRS) in the intergenic region (IGR)
between the I73R and I329L genes as previously described
[2,5].

The results of all the five tissue samples showed that the
five sequencing genes (B646L, E183L, CP204L, B602L, and
EP402R) shared 100% sequence identity with the current
strains in China, which represent that the causative strain
(China/Guangxi/2019/domestic pig) belonged to the P72
genotype II and CD2v serogroup 8 (Fig. 2). However, the
China/Guangxi/2019/domestic pig contained two TRS inser-
tions, and was different from the previously reported strains
in China and other countries (Table 1).
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Fig. 1 African swine fever outbreaks around Guangxi Province since August 2018. The blue triangle indicates the location of the described out-

break in Guangxi Province

The existence of TRS insertions in IGR between the I73R
and I329L genes was first described in 1992 [6], and subse-
quently analyzed as an effective ASFV genome marker to
discriminate closely circulating ASFVs from Eastern Europe
[71, Russia [8], and Italy [9]. Recent ASF outbreaks in China
were caused by ASFVs of the IGR I variant (without extra
TRS insertions in the IGR, only one case in wild boar) [10]
and IGR II variant (has one TRS insertion in the IGR, circu-
lating strain in domestic pig) [2]. The function and causation
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of two TRS insertions in the IGR (debut named as IGR III
variant) are still unclear, but such genetic data are essential
for tracing the source of ASFVs and extending our knowl-
edge of virus evolution and epidemiology in China.
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Fig.2 Phylogenetic analysis of the African swine fever virus strain
(China/Guangxi/2019/domestic pig) in Guangxi, China, 2019. a
p72 genotype; b CD2v serogroup. The neighbor-joining method and
Kimura 2-parameter model were used for the construction of phylo-
genetic trees in MEGA 5.0 software (https://www.megasoftware.net/).
Numbers along branches indicate bootstrap values >70% (1000 repli-
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cates). Black circles indicate causative virus from this study. Roman
numerals to the right in panel a indicate p72 genotypes. Numbers to
the right in panel b indicate CD2v serogroups. GenBank accession
numbers are provided for all sequences. Scale bars indicate nucleo-
tide substitutions per site
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Table 1 Nucleotide sequence alignment of the partial intergenic
region between I73R and I329L from African swine fever genotype II
viruses, including domestic pig strain in China (China 2018/1; Gen-

Bank accession no. MH735144, and China/Guangxi/2019/domes-
tic pig; GenBank accession no. MK670729) and wild boar strain in
China (ASFV/Jilin/wb/2018; GenBank accession no. MK189457)

GenBank Strain Country Year Origin Partial nucleotide sequence alignment of the TRS in the IGR between I73R and 1329L

FR682468 Georgia 2007/1 Georgia 2007 Domestic pig CAAGTATATAGGAATATATAGGAATATATA-------=mmmmmmmm oo GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620028 Arm07 Armenia 2007 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620029 Abk07 Georgia 2007 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620030 Che07 Russia 2007 Wild Boar CAAGTATATAGGAATATATAGGAATATATA----=--=mmmmmmmmmm oo GAAATATATAGAAATAGCTAAGCTTAATAC
MH910495  Georgia 2008/1 Georgia 2008 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATA--------mmmmmmmmmmmmm e GAAATATATAGAAATAGCTAAGCTTAATAC
MH910496  Georgia 2008/2 Georgia 2008 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATA----------nnmmmmmmmmmmmmmmcnmeee GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620031 Ing08 Russia 2008 Wild Boar CAAGTATATAGGAATATATAGGAATATATA. GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620032 Oren08 Russia 2008 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA: GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620033 NOO0&/Av Russia 2008 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATA--------mnnmmmmmmmmmmmeme e GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620034 NOO08/Ap Russia 2008 Domestic pig CAAGTATATAGGAATATATAGGAATATATA-------mmmmmmm e GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620035 Az08D Azerbaijan 2008 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620036 Az08B Azerbaijan 2008 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATA. -GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620048 Dagestan09 Russia 2009 Wild Boar CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620049 Kalmykia09 Russia 2009 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA-----==-===mmmmmmmmmmmmm e GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620050 StPet09 Russia 2009 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--------==mmmmmmmmmmmmmmemmeeee GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620051 Rostov09 Russia 2009 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620038 Tver0511/Torjo Russia 2011 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620039 Tver0812/Bolo Russia 2012 Wild Boar CAAGTATATAGGAATATATAGGAATATATA: GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620040 Tver0712/Les Russia 2012 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--------nmmnmmmmmmemmmeeme e GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620041 Tver0312/Torjo Russia 2012 Wild Boar CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620042 Tver0312/Novo Russia 2012 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA GAAATATATAGAAATAGCTAAGCTTAATAC
KP137626 Tver06/2012 Russia 2012 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137627 Kashinskiy09/2012 Russia 2012 Domestic pig CAAGTATATAGGAATATATAGGAATATATA--------mmmmmmm oo GAAATATATAGAAATAGCTAAGCTTAATAC
KP137628 N.Novgorod_07/13 Russia 2013 Wild Boar CAAGTATATAGGAATATATAGGAATATATA: GAAATATATAGAAATAGCTAAGCTTAATAC
KP137629 Moscow_07/13 Russia 2013 Wild Boar CAAGTATATAGGAATATATAGGAATATATA--------=mmnmmmmmmmm e GAAATATATAGAAATAGCTAAGCTTAATAC
KP137632 Smolensk_06/13 Russia 2013 Wild Boar CAAGTATATAGGAATATATAGGAATATATA---------mmnmmmmmmmm oo GAAATATATAGAAATAGCTAAGCTTAATAC
KP137630 Bryansk_05/14 Russia 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATA-------mmmmmmmmmm oo GAAATATATAGAAATAGCTAAGCTTAATAC
KP137631 Smolensk_05/14 Russia 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATA--- GAAATATATAGAAATAGCTAAGCTTAATAC
MG939584  Pol16_20538_09 Poland 2016 Wild Boar CAAGTATATAGGAATATATAGGAATATATA: -GAAATATATAGAAATAGCTAAGCTTAATAC
MG939586  Poll6_29413_023 Poland 2016 Wild Boar CAAGTATATAGGAATATATAGGAATATATA--- -GAAATATATAGAAATAGCTAAGCTTAATAC
MG939587  Pol17_03029_C201 Poland 2017 Wild Boar CAAGTATATAGGAATATATAGGAATATATA---=-=====mmmmmmmmmm e GAAATATATAGAAATAGCTAAGCTTAATAC
MG939589  Pol17_05838_C220 Poland 2017 Wild Boar CAAGTATATAGGAATATATAGGAATATATA-----=-====mmmmmmmmm e GAAATATATAGAAATAGCTAAGCTTAATAC
KY982843 Irkutsk2017 Russia 2017 Domestic pig  CAAGTATATAGGAATATATAGGAATATATA-- -GAAATATATAGAAATAGCTAAGCTTAATAC
MK189457  China/lilin/2018/boar China 2018 Wild Boar CAAGTATATAGGAATATATAGGAATATATA-- -GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620037 Ukr12/Zapo Ukraine 2012 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620043 Bel13/Grodno Belarus 2013 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137633 Tula_08/13 Russia 2013 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KP137634 Smolensk_09/13 Russia 2013 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137635 Voroneg_07/13 Russia 2013 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KP137636 Belgorod_06/14 Russia 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137637 Volgograd_01/14 Russia 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137638 Bryansk_02/14 Russia 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KP137639 Kaluga_01/14 Russia 2014 Domestic pig CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KP137640 Tula_02/14 Russia 2014 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137641 Tula_06/13 Russia 2013 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137642 Volgograd_02/14 Russia 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KP137643 Kaluga_08/14 Russia 2014 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- GAAATATATAGAAATAGCTAAGCTTAATAC
KP137644 Tula_01/14 Russia 2014 Domestic pig ~ CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620044 Lt14/1490 Lithuania 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620045 Lt14/1482 Lithuania 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620046 Pol14/Sz Poland 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KJ620047 Pol14/Krus Poland 2014 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
LS478113 Estonia 2014 Estonia 2014 NA CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KY385895 Volgograd2015 Russia 2015 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
KY385896 Bryansk2015 Russia 2015 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KY385893 Voronezh 2016 Russia 2016 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
KY385894 Lipetsk2016 Russia 2016 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
MG939583  Pol16_20186_o7 Poland 2016 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
MG939585  Pol16_20540_010 Poland 2016 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
MG939588  Pol17_04461_C210 Poland 2017 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA-- ---GAAATATATAGAAATAGCTAAGCTTAATAC
MH998359  ASFV/Etalle/wb/2018 Belgium 2018 Wild Boar CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
MH735144  China 2018/1 China 2018 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATA---------------- GAAATATATAGAAATAGCTAAGCTTAATAC
MK670729  China/Guangxi/2019/dom  China 2019 Domestic pig  CAAGTATATAGGAATATATAGGAATATATAGGAATATATAGGAATATATAGAAATATATAGAAATAGCTAAGCTTAATAC

estic pig
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Table 1 (continued)

The mutation that results in the insertion of additional TRS (GGAATATATA) in the ASFVs is indicated by gray shading. NA represents not

available
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