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Abstract

African swine fever virus (ASFV) is the causative agent of African swine fever (ASF). The virus causes an acute highly
hemorrhagic disease in domestic pigs, with high mortality. Although the overall genome mutation rate of ASFV, a large
DNA virus, is relatively low, ASFV exhibits genetic and antigenic diversity. ASFV can be classified into 24 genotypes on
the basis of the B646L gene. Cross-protected ASFV strains can be divided into eight serogroups on the basis of antibody-
mediated hemadsorption inhibition. Here, we review research progress on ASFV genotyping and serogrouping, and explain
how this information assists in the rapid identification of virus origin during ASF outbreaks and will aid in the development

of ASF vaccines.
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Introduction

Since African swine fever (ASF) was first reported in 1921,
the causative agent, African swine fever virus (ASFV) has
escaped from the African continent on several occasions and
spread dramatically; ASF now poses a threat to swine pro-
duction worldwide [1-3]. In 2007, ASF was introduced into
Georgia. Subsequently, the virus spread to the Trans-Cauca-
sian region and reached the Russian Federation. From Rus-
sia, the virus invaded the European Union in 2014. In August
2018, the disease reached the world’s largest pig producer,
China, and it is now spreading in Southeast Asian coun-
tries. The most recently affected countries are Papua New
Guinea, India [4], Germany [5], the Dominican Republic [6],
and Haiti [7, 8]. There currently is no commercial vaccine
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available for control of ASF. Factors such as genetic and
antigenic diversity as well as poor cross-protective immunity
hinder the development of a safe and efficacious vaccine [9].
ASFV has a linear double-stranded DNA. The genome is
about 170-190 kb and divided into the left variable region
(LVR, 38-48 kb), central conserved region (C region, about
125 kb), and the right variable region (RVR, 13-22 kb) [10].
Different strains may have significant differences in impor-
tant positions, such as the multigene family in the LVR,
the central variable region (CVR) in the C region, and the
EP402R (expressing CD2v protein) genes. These variable
regions are important for evolutionary analysis of ASFV.
Comparative analysis of the C-terminal end of the B646L
gene, which encodes the major protein p72, enables the clas-
sification of isolates into one of 24 genotypes. [solates are
also divided into eight serogroups (SG) based on phyloge-
netic grouping of the protein CD2v encoded by the EP402R
gene. These methods allow relatively fast and easy typing of
ASFYV strains, and remain the first approach for identifica-
tion of the origin of ASFV in case of introduction into new
territories. Additionally, the analysis of other sequences,
such as the CVR and the E/83L gene, can help improve
molecular epidemiological studies of ASFV [11, 12]. In this
review, we discuss recent research progress on ASFV geno-
types and SG. We hope that this report will provide a refer-
ence for further analyses of the etiology of, and diagnostic
technology for, ASFV, and for vaccine development.
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History of ASFV typing

From the discovery of ASFV, researchers began to con-
sider whether pigs that recovered from ASF could gain
immunity. Before ASFV cell culture was established,
immunological research on ASF barely yielded any find-
ings. The number of domestic pigs that survived natural
infection was very low. However, since the 1950s, the
number of attenuated strains of ASFV obtained via tis-
sue culture has been increasing, which makes it possible
to conduct immunological research on ASFV [13, 14].
Researchers have gradually found diverse ASFV antigens
by using various tests such as the hemadsorption reaction
[15, 16], agar diffusion precipitation test [17], complement
fixation test [18], and isoelectric precipitation technology
[19].

In 1963, Malmquist performed hemadsorption inhibi-
tion (HAI) experiments and cross-protection experiments
and detected different antigenic ASFV types [15]. Subse-
quent HAI analysis of multiple strains of ASFV showed
that the antigenic differences can be used to classify or
type ASFV [16, 20], and ASFV strains with hemaggluti-
nating properties were divided into three subtypes: A, B,
and C [21]. However, this typing method was discontin-
ued, probably because the high fatality rate of ASF makes
it impossible to continuously obtain seroconverted domes-
tic pigs [22].

Restriction fragment length polymorphism (RFLP)
analysis was used to divide nine ASFV field isolates into
four main groups [22]. In 1989, based on digestion of the
ASFV genome with Sall, 23 isolates were divided into five
groups, and all field isolates from Europe and America
were found to have a common origin [23]. ASFV isolated
from soft ticks was typed using RFLP, and the genomes
of isolates from the same region were found to be more
similar to each other than isolates from different regions
[24]. However, RFLP is not effective in rapidly tracing
the source of a single outbreak because the method is
time-consuming and delivers relatively crude results; this
stalled the development of ASFV typing [25].

Genotypes of ASFV

Genotyping of ASFV during outbreaks is important to
reveal the origin of the virus and quickly differentiate
between closely related strains [26]. Genomic research
into ASFV has improved with the rapid development of
gene cloning, PCR, and sequencing technology. After the
successful construction of a library containing 98% of the
genomic information for ASFV in 1984 [27], the number
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of articles on the construction of ASFV genomic librar-
ies has gradually increased, laying the foundations for
analysis. Several specific genetic targets have been used
to assess ASFV genotype.

p72/VP73 (B646L) genotyping

The main capsid protein-encoding gene of ASFV (p72,
VP73, or B646L) was one of the first targets for genotyping
[28]. In 1990, Lopez-Otin et al. sequenced and analyzed the
full length of the p72-encoding gene, laying a foundation
for its study as a diagnostic gene [29]. In 1992, Steiger et al.
used PCR to establish ASFV rapid diagnosis technology for
the first time [30]. In 1996, Yu et al. compared the nucleic
acid and protein sequences of gene from four strains iso-
lated from different regions and found that the sequence of
the gene was highly consistent among the strains (97.8% to
100% homology). This was consistent with previously pub-
lished conclusions that the B646L gene sequence is relatively
stable [31, 32], further establishing the importance of this
gene for antigenic typing [33].

In 2001, Gonzague et al. used a partial fragment of B646L
(278 bp, positions 893—-1170) to demonstrate that the Mala-
gasy ASFV isolated in 1999 was most similar to the Mozam-
bican strain isolated in 1994 [34]. In 2003, on the basis of
amino acid sequence of the C-terminal end of p72 gene
(415 bp, GenBank accession no. AF301537), Bastos et al.
identified 10 ASFV genotypes and established the standard
ASFV genotype marker. They found up to 9.4% genetic vari-
ation in the p72 sequence indifferent ASFV strains, which
is suitable for molecular epidemiological analysis, and pro-
vided a rapid and accurate method for determining the geno-
type of field and outbreak strains of ASFV from Southern
and East African countries [25].

In 2005, Lubisi et al. further classified ASFV into 16 gen-
otypes and identified strains of genotype I for the first time
from sylvatic hosts in East Africa [35]. In 2007, Boshoff
et al. performed a comparative analysis of 43 ASFV isolates
from South Africa between 1973 and 1999 and found six
novel genotypes, and they classified ASFV into 22 geno-
types [36]. Since then, the evolutionary analysis of ASFV
has been mainly based on the conserved B646L gene that
encodes the viral protein p72, and the study of ASFV gene
classification by using the B646L gene gradually became
the most important typing criterion. Achenbach et al. (2017)
analyzed B646L gene evolution in ASFV isolated from Ethi-
opia from 2011 to 2014 and identified the 23rd genotype,
which is derived from the same evolutionary branch as the
IX and X genotypes prevalent in East African countries and
the Democratic Republic of Congo. Quembo et al. (2018)
isolated 19 strains of ASFV from soft tick samples collected
from Gorongosa National Forest Park, Mozambique. They
found that five of the viruses belonged to a new evolutionary
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branch, designated the 24th genotype. Sequences of the
B646L gene from the novel viruses and other known geno-
types of ASFV are shown in Table 1. They were downloaded
from GenBank and used to construct a phylogenetic tree, in
which ASFV is divided into the 24 genotypes (Fig. 1). The
results (Table 1) show that genotypic diversity is greatest
in Africa; countries elsewhere with ASF outbreaks exhibit
low or no genotype diversity. Generally, the current ASF
genotype refers to p72 genotyping.

CVR (9RL/B602L) genotyping

Although the genotyping method based on the B646L gene
is accepted by most researchers, it does not always pro-
vide adequate typing resolution or the ability to discrimi-
nate between viruses with different biological phenotypes.
Increased genotypic resolution has been achieved by the
assessment of the CVR of the B602L gene [11, 12, 35, 48,
52].

Table 1 ASFV isolates used for the construction of phylogenetic tree based on partial B646L (p72) gene nucleotide sequences

Isolate Host species Year of isolation Country GenBank accession no p72 genotype References
Ndjassi-77 NK 1979 Zaire (DRC) KM236553 I [37]
Lisbon/57 Wild boar 1957 Portugal AF301537 I [25]
China/Guangxi/2019/ Domestic pig 2019 China MK670727 1T [38]
domestic pig
CN201801 Domestic pig 2018 China MH722357 II [39]
China/Jilin/2018/boar Wild boar 2018 China MK189456 11 [40]
Korea/Pig/Pajul/2019 Domestic pig 2019 South Korea MN603967 I [41]
VN/Pig/TH/411 Domestic pig 2019 Vietnam MK554698 II [42]
IND/AS/SD-02/2020 Domestic pig 2020 India MT612961 I [4]
Belgium/2018/Etalle Wild boar 2018 Belgium MH998358 II [43]
Estonia 2014 Wild boar 2014 Estonia LS478113 II [44]
Bel13/Grodno Domestic pig 2013 Belarus KJ627214 I [45]
Georgia 2007/1 Domestic pig 2007 Georgia FR682468 I [8]
ZAM/2017/Mbala/1 Domestic pig 2017 Zambia LC322016 I [46]
ZIM/2015/01 Domestic pig 2015 Zimbabwe KX090923 I [47]
BOT/1/99 Domestic pig 1999 Botswana AF504886 I [48]
RSA/1/99/W Warthog 1999 South Africa AF449477 v [25]
MK200 Domestic pig 1978 Mozambique KJ526369 \Y% [37]
MOZ/94/1 Domestic pig 1994 Mozambique AF270711 VI [48]
SPEC/260 Domestic pig 1993 South Africa DQ250121 VIl [36]
Malawi/1978 Domestic pig 1978 Malawi AF270707 VIII [25, 48]
UGA2003/1 Warthog 2003 Uganda AY351564 IX [35]
Hinde/1 Wild boar 1954 Kenya MK829709 X [35]
KAB/62 Ticks 1983 Zambia AY351522 X1 [35]
MFUE 6/1 Tick 1982 Zambia AY351561 XII [35]
SUM/1411 Ticks 1983 Zambia AY351542 XIII [35]
NYA/12 Ticks 1986 Zambia AY351555 X1V [35]
TAN/1/01 Wild boar 2001 Tanzania AY494552 XV [35]
TAN/2003/2 Wild boar 2003 Tanzania AY494551 XVI [35]
ZIM/92/1 Domestic pig 1992 Zimbabwe DQ250119 Xvil [36]
NAM/1/95 Domestic pig 1995 Namibia DQ250122 XVIIL [36, 49]
SPEC/125 Domestic pig 1987 South Africa DQ250118 XIX [36]
RSA/1/95 Domestic pig 1995 South Africa DQ250123 XX [36]
RSA/1/96 Domestic pig 1996 South Africa DQ250125 XXI [36]
SPEC/245 Domestic pig 1992 South Africa DQ250117 XX [36]
ETH/1 Domestic pig 2011 Ethiopia KT795354 XX [50]
MOZ_10/2006 Tick 2006 Mozambique KY353989 XXIV [51]
NK not known
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Fig. 1 Evolutionary relation-
ships of African swine fever
virus (ASFV) strains on the
basis of p72 (B646L) gene
sequences. The phylogenetic
tree was inferred using the
maximum-likelihood method
and Kimura 2-parameter model
based on the partial B646L
gene nucleotide sequences.
Phylogeny was inferred using
1000 bootstrap replications, and
the node values show percent-
age bootstrap support (only
values > 80% are shown). The
scale bar shows the number

of substitutions per site. The
sequences of Asia ASFV
isolates are indicated using a
closed circle (@)
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Similar to other nucleocytoplasmic large DNA viruses,
ASFV contains a CVR of approximately 400 bp within the
relatively conserved, evolutionarily stable, central 125-kb
region [53]. Irusta et al. (1996) defined the CVR of the
ASFV genome and found that it encodes repeated amino
acid tetramers within a late viral gene (open reading frame
9RL) in genotype I viruses. They showed that analysis of
the number and composition of the repeated amino acid
tetramers within the CVR may be useful for identifying and
grouping ASFV isolates [54]. Researchers have found that
CVR amplicons vary between 228 and 686 bp [36, 54, 55].
The differences in CVR sequence information and fragment
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size between different strains [12, 48, 55] make the CVR
unsuitable for genotyping; however, CVR genotyping is
considered to complement the standard p72 genotyping for
ASFYV intragenotypes [45, 55]. Owolodun et al. (2010) iso-
lated five CVR variants from clinical samples of wild and
domestic pigs at difference sampling sites in Nigeria during
2003 to 2006. Because clustered within a single pheloge-
netic lineage, all five CVR variants, the Ben97/1 variant
(isolated from Benin, Nigeria's neighbor, 1997) and the
Nigerian 2001 variant were classified into a common ances-
try. Therefore, the researchers concluded that it is possible
that these mutants were introduced from outside Nigeria, or
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mutated domestically after their introduction in 1998 [56].
The MAL/19/Karonga/1—4 virus responsible for the 2019
ASF outbreak in Malawi clustered into p72 genotype II and
showed 100% nucleotide identity with ASFV previously
described in Tanzania, Zambia, Georgia, China, Vietnam,
Estonia, and Moldova, and the amino acid repeats encoded
within the CVR of the B602L gene were 100% similar to
those of the ZAM/13/Mbala ASFV isolates from Tanzania
in 2017 and Zambia in 2013. It is speculated that the virus
was introduced from Tanzania through transborder trade of
pigs and pork products to Malawi [57]. By analyzing the
amino acids encoded by the CVR within the B602L gene,
Vilem et al. identified three different CVR variants of ASFV
that have circulated in certain regions of Estonia since 2014,
and they speculated that the epidemic of ASF in neighbor-
ing counties was responsible for the GII-CVR1/SNP1 virus
identified in the county of Laidne. Although CVR analysis
has been widely used to distinguish closely related ASF
isolates, the low genetic diversity of the CVR means that
further study of more informative genetic regions is required
to confirm intragenotypic relationships [58].

p54 (E183L) genotyping

The p54-encoding gene E/83L increased the intrageno-
typic resolution of standard p72 genotyping [11, 12, 35,
48, 52]. As early as 1995, Sun et al. confirmed that this
gene can mutate between different cell passages [59]; how-
ever, few phylogenetic analyses of the gene have been con-
ducted. Analysis of ASFV introduced into Georgia in 2007
showed that its E/83L gene sequence was identical to that
of five Madagascar isolates and two Mozambique isolates
(Moz 1/02,Moz 2/02); however, it showed mutations in
multiple locations when compared with two Mozambique
strains (Moz 1/03 and Moz 1/05) isolated later. This result
is important for studying the origin of the Georgian strain
[60]. Gallardo et al. (2009) simultaneously used the EI83L,
B646L, and B602L genes to analyze the phylogeny of ASFV
isolates detected in Kenya from 2006 to 2007. The results
showed that the phylogenetic trees based on p54 and p72
were basically the same; however, on the largest branch of
p72 genotype I, the p54 genotype could be further divided
into four discrete subclusters, named Ia, Ib, Ic, and Id. Type
Ia was mainly from European and American strains. Type
Ib included strains from West African countries and Portu-
guese isolate Lisbon/57. The Portuguese isolate Lisbon/60
and South African isolate MZUKI/1979 were distributed
in independent genotypes designed Ic and Id, respectively
[11]. In another study using E183L nucleotide sequences, the
2015 Zambian ASFV was found to belong to genotype Id,
and this virus may have originated in Zambia (or possibly
the Southern African region) [61]. Further research focusing

on Zambian isolates by using p54 genotyping showed that
Zambian isolates divided into types Ie, If, Ig, IIa, IIb, VIIIa,
VIIIb, XI, XIII, and XIV, suggesting that the endemic strains
in Zambia have multiple evolutionary branches [62, 63]. To
sum up, p54 typing is only used as an auxiliary index for
ASFV phylogeny analysis, as the difference within E/83L
is not significant compared with p72 typing and the dis-
crimination within £/83L is not significant compared with
CVR typing.

Other genotyping methods

To evaluate the evolutionary differences between ASFV
strains, especially the evolutionary trend of strains in the
same region, different genotyping methods, other than
genotyping based on p72, CVR, and p54, have been estab-
lished by additional assessment of the p30-encoding gene
(CP204L) [60, 63, 64], tandem repeat sequences (TRS)
within the intergenic region (IGR) between /73R and 1329L
[45, 64, 65], the CD2v-encoding gene (EP402R) [64], the
thymidine kinase (TK) gene [66], the J268L [12], Bt/Sj [12],
KPS86R [12], and O174L genes [67], and the C315R/CI147L
region [68]. Sequence analysis showed that different isolates
have partial differences in the length and sequence of the
J268L, Bt/Sj, and KP86R genes, which can be used to dis-
tinguish between evolutionarily similar isolates [12]. Sanna
etal. (2017) performed a genetic analysis of ASFV prevalent
for many years in Sardinia, Italy, on the basis of the CP204L
gene, EP402R gene and IGR. They found that the CP204L
genes and IGR were stable, but the Sardinian strains from
1978 to 2014 could be classified into two subgroups on the
basis of sequence comparison of the EP402R gene (CD2v):
one group included historical isolates from 1978 to 1990,
and the second was composed of the viruses collected from
1990 to 2014. Sanna et al. (2017) believed that the virus
mutations were induced by the selective pressure associ-
ated with increasing controls at the farm level and improved
diagnostic techniques because these measures had hampered
the spread of the virus [64]. Gallardo et al. (2014) found that
the sequences of ASFV isolates from Lithuania and Poland
were 100% homologous with other isolates from Eastern
Europe on the basis of classical genotyping (based on the
variable region of the B646L gene and parts of the E/83L
gene); however, when they focused on analysis of TRS in
the IGR between the /73R and I329L genes, the viruses
from Poland and Lithuania were observed to have a TRS
insertion identical to that present in ASFV isolates from
Belarus and Ukraine, which is different from that present in
other viruses from Eastern Europe and Russia. Thus, Gal-
lardo et al. (2014) concluded that ASFV strains in Lithu-
ania and Poland most probably originated in Belarus. This
TRS insertion was present in ASFV isolates from Russia
and Ukraine in 2012, but absent in those from Tverskaya
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Oblast (western Russia) in 2011 and 2012. Thus, viruses
introduced into the European Union were hypothesized to
originate in Russia, emerging in 2012 or even earlier, and
to have been transmitted through Belarus and Ukraine [65].
These findings confirm the suitability of TRS for higher
resolution ASFV genotyping. In 2018, ASF outbreaks in
China were caused by the IGR II variant of ASFV, which
has a TRS insertion in the IGR. In 2019, an IGR I variant
(without extra TRS insertions in the IGR; only one case in
wild boar) and IGR III variant (two TRS insertions in the
IGR) were, respectively, isolated from Jilin and Guangxi,
China (Fig. 1). These genetic data are essential for tracing
the source of ASFVs and extending our knowledge of the
viral evolution and epidemiology in China [38, 40]. In 2017,
Onzere et al. performed an evolutionary analysis of prevalent
ASFV strains on the basis of TK genes and found significant
differences between the Kenyan isolates from 2011 to 2013
and a South African reference strain [66].

Previous studies suggest that other ASFV genotypes may
exist and other genetic markers may be used for genotyping
[45, 50]. The latest advances in whole-genome sequenc-
ing can be used to perform comprehensive genotyping and
obtain data that are essential for elucidating the biology and
genetic characteristics of ASFV.

Serogroups of ASFV

ASFV was considered one of the few viruses without neu-
tralizing antibodies [69]. Malmquist (1963) first identified
several ASFV antigenic SG by performing the HAI test to
assess serological cross-reactivity with different ASFV iso-
lates in vitro [70]. HAI was widely used as a tool to define
the specificity of serotypes at the Pokrov Institute (Federal
Research Center for Virology and Microbiology), Russia.
Eight ASFV SG have been defined and thoroughly char-
acterized using HAI. We may detect more SG if additional
parameters such as hemadsorption density (the number of
red blood cells per infected cell) and red blood cell contact
maps are used to refine the classification of ASFV isolates
[71].

HALI assay is the gold standard for ASFV serotyp-
ing, but HAI-based serogrouping has limitations: the test
requires sera from convalescent pigs, and the viral antibod-
ies used for HAI detection are produced late and at low
titers. Therefore, it is necessary to evaluate the mechanism
of HAI serogrouping and find the antigenic determinants.
Many researchers have confirmed that CD2v (EP402R)
and C-type lectin (EP153R) are closely associated with
the hemadsorption of ASFV, although these genes are the
most diverse between different strains of ASFV [72-78].
Malogolovkin et al. (2015) performed phylogenetic analysis
of >80% ASFV strains and found that CD2v/C-type lectin
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genotype grouping is associated with HAI-based serologi-
cal grouping and ASFV CD2v/C-type lectin gene inter-
change could induce a corresponding interchange of HAI
in vitro and a cross-protection phenotype in vivo [79]. The
researchers selected protein signature domains of CD2v and
C-type lectin (amino acids 109-196 and 67-166, respec-
tively) of ASFV isolate Lisbon/57 (GenBank accession no.
KM609344) for phylogenetic analyses. The phylogenetic
groupings based on CD2v and C-type lectin were correlated
with the available eight reference SG [79]. Another method
of evolutionary analysis based on short (90-nucleotide) frag-
ments (positions 73,662—73,751, GenBank accession no.
MK333180) of the EP402R sequence was first described
by Thanh et al. (2021), and this method was very successful
when compared with HAI assay [80]. Kim et al. clustered
the first ASFV isolated from South Korea into SG8 based
on a long fragment (816 nucleotides) of the EP402R gene
[64, 81]. We retrieved EP402R gene sequences of ASFV iso-
lates with known SG and novel Asia isolates from GenBank
(Table 2). Phylogenetic analyses of the EP402R genes was
performed using the maximum-likelihood method with 1000
bootstrap replicates in MEGAS software. The data indicated
consistency between the 88 amino acid (CD2v amino acids
109-196, corresponding to ASFV isolate Lisbon/57, Gen-
Bank accession no. KM609344) (Fig. 2A) and 90 nucleo-
tides (Fig. 2B) of EP402R-based phylogenetic trees. Thus,
CD2v/EP402Rgenotyping was demonstrated as a simple
method to group ASFV by serotype.

Although CD2v and C-type lectins are important for
mediating cross-protective responses in vivo, they cannot
provide complete serotype-specific homologous protection,
suggesting that other serotype-specific protective antigens
have yet to be identified. Indeed, experimental subunit vac-
cines and vector vaccines that use or express ASFV proteins
p30, p54, and CD2v have been shown to induce protection
or partial protection against strong viral attacks. However,
their role in causing serotype-specific reactions is unclear
[84-86]. Malogolovkin believes that, when compared with
p72 genotyping, HAI serology provides a method of ASFV
typing that allows better differentiation of biologically rel-
evant phenotypes [79].

Concluding remarks

ASFV is the only member of the family Asfarviridae. The
process of establishing and developing genotyping methods
for ASFV is associated with varying amounts of epidemio-
logical evidence whereby a gene is used to track the virus
in a particular region. Twenty-four ASFV genotypes have
been identified on the basis of the p72-encoding (B646L)
gene. All 24 genotypes have been reported in Africa, mainly
distributed in East Africa and South Africa. Genotypes I and



Virus Genes (2022) 58:77-87

83

Table 2 ASFV isolates used for the construction of phylogenetic tree based on partial EP402R gene (CD2V) gene nucleotide sequences

Isolate Host species  Year of isolation Country GenBank accession no  Serogroup References
Lisbon/57 domestic pig 1957 Portugal KM609344 SG1 [37]
Diamang Suidae 1982 Angola KM609367 SG1 [37]
VL Suidae 1978 Portugal KM609390 SG1 [37]
Petit Enge Suidae 1985 Democratic Republic of the Congo KM609383 SG2 [37]
Silva-1 Suidae 1982 Angola KM609356 SG2 [37]
Dolisie-74 Suidae 1974 Democratic Republic of the Congo KM609368 SG2 [37]
K-49 Suidae 1949 Zaire KM609339 SG2 [37]
M-78 Suidae 1978 Mozambique KM609346 SG3 [37]
MK-200 Domestic pig 1978 Mozambique KM609347 SG3 [37]
TKF Suidae 1981 Tanzania KM609387 SG3 [37]
E-70 Domestic pig 1970 Spain KM609369 SG4 [37]
Lee Bush pig 1955 Kenya KM609377 SG4 [37]
Brazil-80 Domestic pig 1979 Brazil KM609364 SG4 [37]
Cu-80 Domestic pig 1980 Cuba KM609365 SG4 [37]
0-77 Domestic pig 1977 USSR KM609350 SG4 [37]
Malta Domestic pig 1978 Malta KM609380 SG4 [37]
T-67-PPK-1 Suidae NK Tanzania KM609386 SG5 [37]
TSP8O Suidae 1980 Tanzania KM609359 SG5 [37]
TS-7/27-230 Suidae 1986 Tanzania KM609388 SG6 [37]
TS7 Suidae 1984 Tanzania KM609358 SG6 [37]
Uganda Suidae 1984 Uganda KM609361 SG7 [37]
Nanyuki Domestic pig 1960 Kenya KM609382 SG8 [37]
Rhodesia Suidae 1986 Zimbabwe KM609354 SG8 [37]
Volgograd_2012/wb ~ Wild boar 2012 Russia KM609363 SG8 [37]
China/Guangxi/2019/ Domestic pig 2019 China MK670728 SG8 [38]
domestic pig

CN201801 Domestic pig 2018 China MH735142 SG8 [39]
China/Jilin/2018/boar  Wild boar 2018 China MK214678 SG8 [40]
Pig/HLJ/2018 Domestic pig 2018 China MK333180 SG8 [82]
Georigia 2007/1 Domestic pig 2007 Georgia NC_044959 SG8 [8]
Krasnodar_2012/dom Domestic pig 2012 Russia KM609342 SG8 [37]
Korea/Pig/Pajul/2019 Domestic pig 2019 South Korea MT335858 SG8 [83]
VN/Pig/TH/411 Domestic pig 2019 Vietnam MN711757 SG8 [42]
Tver_2012/wb Wild boar 2012 Russia KM609360 SG8 [37]
Volgograd_2012/dom Domestic pig 2012 Russia KM609362 SGS8 [37]
Zavidovo-2012 Wild boar 2012 Russia KM609392 SG8 [37]

NK not known

IT are mainly distributed in Central Africa, and genotype I
is mainly distributed in some West African countries, but
there has been no report of an epidemic in North Africa
[87]. In the first outbreaks outside Africa, the ASFV strains
once prevalent in the 1960s in Western European countries,
and in the 1970s in Caribbean countries and the USSR (now
Ukraine) were caused by genotype I strains. At the end of
the last century, all countries outside Africa, except Italy
(specifically Sardinia, where genotype I strains remained
endemic), had eradicated ASFV. The second escape from
Africa occurred in 2007, and the virus has since spread

through large areas of Russia, Eastern Europe, China, South-
east Asia, and recently to the Dominican Republic [6] and
Haiti. This has been characterized as being due to the geno-
type II Georgia 2007 strain. However, because the B646L
(p72-encoding) gene is relatively conserved, genotypic
changes do not generally occur when a strain is endemic in
a certain region. Therefore, p72 genotyping is the preferred
method used for the identification of ASFV origin in case
of introduction into new territories, as p72 genotype clus-
tering can be used to help trace the source of the virus at
the molecular level and aid with understanding the potential
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Fig.2 Phylogenetic comparison of strains on the basis of CD2v pro-
tein/gene sequences. A Eighty-eight amino acids of the CD2v protein
were analyzed using MEGAS, with four rate classes, and 100 boot-
strap replicates, implemented in the maximum-likelihood method.
Bootstrap values >80% are indicated at appropriate nodes. B Ninety-
nucleotide sequences of the CD2v protein-encoding gene EP402R

transmission routes and possible modes of transmission [71].
Other genotypes, such as those based on the CVR and IGR,
can help to predict molecular epidemiological changes and
evolution of ASFV because the differences are more sig-
nificant. For example, the IGR sequence of the first ASFV
strain in Chinese wild boar (China/Jilin/2018/boar, GenBank
accession no. MK189457) has 10 base deletions compared
with the prevalent strain in Chinese pigs (GenBank acces-
sion no. MH735144), suggesting that this strain may have
a different origin [40]. However, it is undeniable that the
rapid emergence of ASFV variant strains with different IGR
sequences may have happened in a short space of time and
with a sympatric distribution [88].

The serotyping method based on CD2v/C-type lectin
signature sequencing allows better differentiation of bio-
logically relevant phenotypes when compared with p72
genotyping [79]. It will be more helpful in study of the
diversity and antigenic variability of ASFV strains, and
provide key information for vaccine design. It is believed
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were analyzed using MEGAS5 software with 1000 bootstrap repli-
cates, implemented in the neighbor-joining method. Bootstrap val-
ues>80% are indicated at appropriate nodes. The serogroup status of
ASFV is indicated. Recent Asian isolates are indicated using a closed

circle (@)

that with continuous in-depth study of ASFV genomes and
typing technology, especially whole-genome sequencing
and cross-protection experiment data, we will develop a
clearer understanding of the evolution of ASFV.
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