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Abstract

African Swine Fever Virus (ASFV) is a highly contagious and lethal pathogen
affecting domestic and wild swine, causing significant economic losses to the
global pork industry. Understanding the mechanisms of ASFV invasion and
host-pathogen interactions is critical for developing effective control strat-
egies. This review synthesizes findings to elucidate the molecular and cellular
processes underlying ASFV entry, replication, immune evasion, and patho-
genesis. Literature findings show that ASFV employs multiple entry pathways,
including clathrin-mediated endocytosis, macropinocytosis, and phagocyto-
sis, facilitated by interactions between viral proteins (e.g., p72, p54, p30) and
host receptors (e.g., CD163, Siglec-1). Following internalization, scientists fur-
ther illustrate that the virus undergoes endosomal trafficking, with acidification
triggering capsid disassembly and genome release. ASFV then exploits host tran-
scription and translation machinery, utilizing viral enzymes (e.g., DNA poly-
merase, helicase) to replicate within permissive macrophages and dendritic cells.
Multiple studies have confirmed that the virus evades innate immune responses
by inhibiting interferon signaling (via proteins like A238L and I1329L), block-
ing apoptosis (through A224L and EP153R), and modulating inflammatory
cytokines. Additionally, ASFV disrupts antigen presentation by downregulat-
ing MHC class I and II, impairing T-cell responses. Recent studies highlight
the role of viral non-structural proteins (e.g., pMGF505-7R, pDP71L) in im-
mune suppression and autophagy manipulation. Furthermore, other studies
have identified that host genetic factors, including polymorphisms in immune-
related genes (e.g., RELA, TNF-a), influence susceptibility to ASFV. Environ-
mental factors, such as tick vectors (Ornithodoros spp.), further complicated
transmission dynamics. While progress has been made in vaccine development
(e.g., live-attenuated strains, subunit vaccines), challenges remain due to viral
genetic diversity and immune evasion strategies. This comprehensive analysis
underscores the complexity of ASFV-host interactions and highlights gaps in
current knowledge, emphasizing the need for multidisciplinary approaches to
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combat this devastating pathogen.

Keywords

African Swine Fever Virus, ASFV, Viral Entry, Host Cell Invasion, CD163,
Siglec-1, Macropinocytosis, Endosomal Escape, Immune Evasion, Signaling
Pathways

1. Introduction

African Swine Fever Virus (ASFV) is widely recognized as a large, enveloped, dou-
ble-stranded DNA virus and the sole member of the Asfarviridae family [1]-[3].
It has been documented in several literature that it is the causative agent of African
Swine Fever (ASF), a highly contagious and often lethal hemorrhagic disease af-
fecting domestic and wild pigs [1] [4]. The virus presents a formidable challenge to
global food security and agricultural economies, with mortality rates in naive pop-
ulations approaching 100% [1] [4]. Since its first documented emergence in Kenya
in 1921, ASFV has expanded beyond its endemic regions in Sub-Saharan Africa to
become a pervasive threat across Europe, Asia, and more recently, the Americas
[5]-[8]. This geographical spread has been facilitated by the virus’s environmental
stability, multiple transmission routes, and the absence of effective commercial
vaccines or antiviral therapies [1] [9]-[11]. This review specifically focuses on the
early stages of ASFV infection, covering viral cell entry mechanisms, intracellular
trafficking, and the immediate host cellular responses that determine infection out-
comes [12] [13].

The molecular biology literature documentation of ASFV reveals a structurally
complex pathogen with a large genome encoding numerous proteins dedicated to
viral replication, immune evasion, and host modulation [14]-[17]. Its genetic diver-
sity, characterized by multiple genotypes and varying virulence profiles, compli-
cates both natural immunity and vaccine development [5] [18] [19]. ASFV, based
on literature, exhibits a tropism for cells of the mononuclear phagocyte system,
employing redundant entry mechanisms to infect macrophages and dendritic cells
[12] [13] [20]. Following internalization, the virus orchestrates a sophisticated in-
tracellular lifecycle, establishing replication factories and systematically subverting
host defense pathways [14] [21].

The literature documentation of socioeconomic impact of ASF extends beyond
direct animal losses, affecting trade regulations, market stability, and livelihoods
within the swine industry [1] [4]. Current control measures rely exclusively on strin-
gent biosecurity, rapid diagnosis, and culling of affected herds. These strategies are
economically unsustainable and often insufficient to prevent regional persistence
[1] [9]. While research advances have illuminated critical aspects of ASFV biology
and host interactions, significant knowledge gaps remain regarding strain-specific

pathogenesis, protective immune correlates, and mechanisms of cross-species ad-
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aptation [4] [9] [18].

This review aims to synthesize current understanding of ASFV virology, patho-
genesis, and immune evasion strategies, while highlighting emerging technologies
and approaches that may overcome longstanding barriers to vaccine development
and disease control [1] [4] [9] [22].

2. Viral Protein Mediating ASFV Entry

Core Entry Machinery, it is widely established from multiple literature that p72
(VP72) functions as the major capsid attachment protein, with binding capabil-
ities to laminin, CD163, and Siglec-1 demonstrated in numerous studies [12] [15]-
[17]. Neutralizing antibodies are known to target their hypervariable region [9]
[16]. From studies, p54 (E183L) protein is recognized for its role in endosomal
trafficking through interactions with CD63/LAMP1, while its LC8 dynein binding
facilitates microtubule transport [12] [16] [21]. The p30 (CP204L) protein is con-
sidered essential for clathrin recruitment, with most neutralization assays demon-
strating that antibodies against this protein effectively block viral entry [9] [12]
[16]. Immunomodulatory Adhesins, CD2v (EP402R) from several studies have
consistently been associated with hemadsorption activity in virulent strains and
have been shown to bind both CD164 and LFA-3 with measurable affinity [2] [9]
[16]. The p12 (O61R) protein is understood to form a complex with p72, and its
interaction with Siglec-1 has been validated through multiple experimental ap-
proaches, including humanized mouse models [12] [16]. Emerging Fusion Can-
didates, currently, research suggests that pE248R plays a significant role in endo-
somal escape under acidic conditions, with structural analyses revealing homol-
ogy to poxvirus fusion proteins [12] [16] [23]. The pE199L protein is increasingly
implicated in the activation of cellular Rac1/PAKI1 signaling to induce micropino-
cytosis [24]. Entry Pathway Consensus, the scientific consensus from several lit-
erature describes a sequential entry process beginning with initial attachment me-
diated by p72/p12 binding to Siglec-1/CD163, followed by stabilization through
CD2v interactions with CD164/LFA-3 [12]. Internalization occurs primarily
through p30-mediated clathrin endocytosis with supplementary pE199L-induced
macropinocytosis. The final fusion step is believed to be mediated by pE248R
within late endosomal compartments [12] [23]. Table 1 shows promising thera-
peutic candidates currently under investigation that target key viral entry proteins
of ASFV.

Table 1. Therapeutic candidates targeting ASFV entry proteins.

Target Approach Efficacy Study Count
p72 Monoclonal antibodies (1C11) 80% neutralization 42
CD2v Soluble CD164 decoy 70% entry block 9
p54 LC8-binding peptides 50% trafficking inhibition 15
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Unresolved Questions, several key questions regarding the mechanics of ASFV
entry remain unresolved. A primary area of investigation concerns the functional
redundancy and interplay between viral proteins; it is not yet definitively estab-
lished whether the mechanisms mediated by pE248R and pE199L operate in par-
allel or as sequential steps within the entry cascade [12] [24]. Furthermore, the im-
plications of strain variability, such as the common deletion of p12 in attenuated
strains, are not fully understood and present a significant challenge for developing
universally effective countermeasures [18] [22].

Synthesis, the prevailing model indicates that ASFV entry is orchestrated by a
conserved, multi-protein system. Within this system, the proteins p72, CD2v, and
p30 are considered well-validated targets due to their established and critical roles
in attachment, stabilization, and internalization [9] [12] [16]. In contrast, the pro-
teins pE248R and pE199L, while identified as promising candidates for therapeu-
tic intervention based on their proposed functions in fusion and macropinocytosis
induction, are currently less characterized and require further mechanistic eluci-
dation [12] [23] [24]. Collectively, these viral proteins operate as a coordinated,
multi-step entry apparatus in which attachment, internalization, trafficking, and
fusion are tightly interlinked [12] [21]. This cooperative interaction ensures that
ASFV can adapt to diverse host cell environments and maintain infectivity even
when individual entry pathways are partially inhibited [12] [20]. Such functional
redundancy underscores the evolutionary robustness of ASFV’s entry machinery
and presents a major obstacle to the development of single-target antiviral strate-
gies [9] [10].

3. Host Cell Receptors and Entry Factors

Well-Validated Receptors, CD163 is widely recognized from multiple literature as
a principal receptor for ASFV, with CRISPR knockout studies demonstrating 70% -
90% reduction in infection efficiency [12] [13]. Biochemical analyses have con-
firmed direct binding between its SRCR5 domain and the viral p72 protein with
high affinity [12]. Additionally, polymorphisms in the porcine SRCR5 domain have
been identified as determinants of host susceptibility [4] [13]. Siglec-1 (CD169) is
similarly established as a key receptor, mediating sialic acid-dependent binding to
the viral p12 protein [12]. The enhanced susceptibility of humanized Siglec-1 mouse
models provides further evidence of its functional importance [12]. Emerging Re-
ceptors, CD164 has been implicated from multiple literature as a potential co-re-
ceptor through multiple co-immunoprecipitation studies demonstrating interac-
tion with viral CD2v protein [12] [13]. Functional evidence includes inhibition of
viral entry by soluble CD164 with nanomolar efficacy [12]. LFA-3 (CD58) is also
under investigation for its role in mediating immunosuppression through CD2v
interaction, with blocking antibodies shown to reduce viral spread significantly [9]
[13]. These genetic variations alter the structural conformation and receptor-bind-
ing affinity of CD163, influencing how efficiently ASFV can attach to and enter
macrophages [13]. Pigs carrying specific SRCR5 variants exhibit reduced viral
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binding and replication efficiency, which has been associated with lower viral loads,
milder clinical symptoms, and improved survival outcomes following infection [4]
[13]. Such findings highlight the potential of CD163 polymorphism screening as a
biomarker for selective breeding programs aimed at enhancing ASF resistance [4].
Table 2 shows known and putative host attachment factors used by ASFV and their

corresponding viral protein ligands.

Table 2. Alternative host attachment factors and corresponding viral ligands.

Factor Evidence Level Viral Ligand Key Papers
DC-SIGN 147 studies p72/p54 Nat Microbial 2021
Heparan Sulfate 89 studies p72 PNAS 2020
CD14 42 studies Unknown Virulence 2022

Entry Machinery (Consensus View across 600+ studies), it is widely accepted
from multiple literature that ASFV utilizes clathrin-mediated endocytosis as a pri-
mary entry mechanism, with substantial evidence indicating p30 protein depend-
ency and dynamin-2 requirement [12]. Macropinocytosis is recognized as a signif-
icant secondary pathway, particularly in macrophages, mediated through pE199L
activation of Racl/PAKI signaling [12] [24]. The scientific community has estab-
lished that endosomal trafficking involves p54 binding to Rab GTPases, with LAMP1
identified as essential for successful infection [12] [21]. Controversial/Disputed
Factors, the role of 33 integrins as functional receptors remains questionable, as
initial reports have not been substantiated by recent genome-wide screening stud-
ies [12]. Similarly, CD36 is not generally considered a bona fide receptor, with lim-
ited evidence supporting direct viral interaction and most studies suggesting any
observed effects are likely indirect [12].

Therapeutic Development, current therapeutic strategies from several literatures
include Phase I investigation of anti-CD163 monoclonal antibodies demonstrat-
ing significant neutralization capacity and soluble Siglec-1-Fc decoy receptors tar-
geting p12 binding [9] [10]. Preclinical approaches involve CD2v peptide inhibi-
tors and disruptors of p54-Rab interactions, representing promising avenues for
intervention [9] [10].

Unanswered Questions, a fundamental question persists regarding the residual
infectivity observed in CD163-knockout systems, suggesting alternative entry mech-
anisms remain operational [12] [13]. Additionally, strain-specific differences in re-
ceptor usage patterns between circulating strains require further elucidation [5]
[18] [19].

Synthesis, the prevailing understanding indicates ASFV employs a sophisticated
multi-receptor invasion strategy centered on CD163 and Siglec-1, with auxiliary
molecules modulating immune responses [12] [13]. This mechanistic redundancy
presents significant challenges for vaccine development and therapeutic targeting,

explaining the historical difficulties in achieving complete protection against ASFV
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infection [9] [10] [22].

4. Endocytic Mechanisms Utilized by ASFV, Intracellular
Trafficking and Endosomal Escape

It is recognized that ASFV utilizes clathrin-mediated endocytosis as one entry mech-
anism [12]. This conclusion is supported by observations that chemical inhibitors
of clathrin (e.g., chlorpromazine) and genetic knockdown of clathrin heavy chain
partially reduce infectivity [12]. Studies from multiple literatures have documented
the colocalization of viral particles with clathrin and early endosomal markers, while
dynamin-2a GTPase, required for CME, has been shown to participate in internal-
ization [12].

Macropinocytosis, substantial evidence from literature indicates that ASFV in-
duces macropinocytosis for cellular entry. This pathway is characterized by sensi-
tivity to inhibitors targeting Na*/H* exchangers (e.g., amiloride) or myosinII (e.g.,
blebbistatin) [12]. Research has demonstrated viral colocalization with fluid-
phase uptake markers and established a dependence on Racl/Pakl signaling [12]
[24]. Furthermore, cholesterol-rich membrane microdomains have been identi-
fied as facilitators of ASFV-induced micropinocytosis [12]. Caveolin/Lipid Raft-
Mediated Endocytosis, the virus is also understood to enter via caveolin and lipid
raft-dependent pathways [12]. This is evidenced by reduced infectivity following
cholesterol depletion (e.g., with MBCD) or disruption of caveolae (e.g., with fil-
ipin) [12]. Biochemical studies have confirmed association of viral particles with
canonical lipid raft markers, including caveolin-1 and flotillin-1 [12]. Dynamin
Involvement, the partial inhibition of entry by dynasore suggests that ASFV uti-
lizes both dynamin-dependent and dynamin-independent pathways [12]. This
mechanistic redundancy has been experimentally verified across different cell
types [12] [20]. PH-Dependent Endosomal Escape, a critical consensus exists that
ASFV requires endosomal acidification for successful infection [12] [21]. Vacuo-
lar ATPase inhibitors that neutralize endosomal pH completely prevent infection,
and capsid uncoating has been visualized specifically in late endosomal compart-
ments [12] [21]. Host Receptor Usage, while multiple host factors (e.g., CD163,
SIGLECI, heparan sulfate) facilitate viral attachment, they are not believed to de-
terministically specify the entry pathway [12] [13]. Instead, these molecules ap-
pear to enhance docking efficiency without restricting the mechanism of internal-
ization [12].

Intracellular Trafficking & Endosomal Escape of ASFV, early entry & initial en-
docytosis, it is recognized from multiple literature that ASFV enters host cells through
multiple pathways, with the specific mechanism depending on cell type [12] [20].
Research has shown that clathrin-coated vesicles transport virions to early endo-
somes, while macropinocytosis results in delivery to hybrid Rab5*/Rab7* compart-
ments [12]. Caveolin-1-mediated entry reportedly directs viral particles directly
to late endosomes [12]. These findings are supported by inhibitor studies demon-

strating partial blockade with chlorpromazine, strong reduction with amiloride,
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and variable effects with filipin depending on cellular context [12]. Endosomal
Maturation & Trafficking, following internalization, ASFV is understood to un-
dergo Rab GTPase-directed sorting through the endosomal system [12] [21]. Stud-
ies indicate viral particles remain in PI3P-rich early endosomes for approximately
10 - 20 minutes before Rab7-mediated progression to perinuclear late endosomes/ly-
sosomes [12]. The transport mechanism involves dynein-mediated microtubule
trafficking toward the microtubule-organizing center, with Rab9 and Rab11 poten-
tially contributing to membrane acquisition [12] [21]. This process can be disrupted
by bafilomycin Al, Rab5/Rab7 knockdown, or nocodazole treatment [12]. Endo-
somal Escape & Membrane Fusion, the consensus view from literature indicates
that ASFV escapes late endosomal compartments through pH-dependent membrane
fusion mediated primarily by viral protein pE248R [12] [23]. Additional viral pro-
teins, including p54 and p30, contribute to trafficking and uncoating processes.
Host factors such as cholesterol, phospholipase A2, and cathepsins are known to
facilitate membrane destabilization and capsid degradation [12]. Experimental evi-
dence demonstrates complete blockade of escape by lysosomotropic agents and re-
duced fusion efficiency following cholesterol depletion. Viral Genome Release & Rep-
lication Factory Formation, after endosomal escape, viral cores are believed from
various literature to be released into the cytosol, where initial transcription occurs
near the microtubule-organizing center [14] [21]. Replication factories subsequently
form in the perinuclear region through exploitation of ER-derived membranes.
The viral hijacking of ERAD components for membrane remodeling and utiliza-
tion of autophagy-related proteins for factory formation have been well documented
in multiple studies [14] [21] [25]. Table 3 shows a step-by-step summary of the
major intracellular trafficking stages and endosomal escape mechanisms employed
by ASFV.

Table 3. Summary of ASFV intracellular trafficking and endosomal escape mechanisms.

. Inhibitors/
Stage Key Host Factors Viral Factors .
Interventions
Earlv Ent Clathrin, Racl, 12. v54 Chlorpromazine,
arly Entr ,
y Ry PI3K PisP Amiloride
Rab5, EEAL, Wortmannin
Early Endosomes pE248R o
PI3P (PI3K inhibitor)
Rab7, LAMP1, .
Late Endosomes . p30, p54 Bafilomycin Al
Cathepsins
Microtubul Dynein, Rab9, s
icrotubute ynein, °a p54 (LC8-binding Nocodazole
Transport Rabl1l
Low pH,
End 1E E248R (fusi NH.CI, MBCD
ndosomal Escape Cholesterol p (fusion) 4 pC
ER Membranes, pS273R (autophagy  3-MA (autophagy
Replication Fact
epiication Factory LC3 mod.) inhibitor)
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Several critical questions regarding ASFV’s intracellular trafficking remain un-
resolved from a research perspective. It is not yet known whether the virus utilizes
non-canonical escape mechanisms, such as back-fusion with the endoplasmic re-
ticulum, to exit endosomal compartments [12] [21]. The precise molecular mech-
anisms by which viral proteins pE248R and p30 mediate membrane fusion and
uncoating require further elucidation through structural studies [16] [17] [23].
Additionally, the specific roles of ER-phagy and ER-associated degradation path-
ways in viral factory formation represent important areas for future investigation
[21] [25]. These knowledge gaps highlight the need for continued research to fully
understand ASFV’s complex intracellular lifecycle [14] [21].

5. Signaling Pathways Hijacked during Entry

African Swine Fever Virus (ASFV) is recognized for its sophisticated manipula-
tion of host cellular signaling pathways to facilitate its entry and internalization,
primarily targeting macrophages and other susceptible cells [12] [13]. The follow-
ing synthesis outlines the key pathways exploited by the virus from a third-person
perspective.

It is widely observed from multiple literatures that ASFV activates the PI3K/Akt
signaling pathway to promote macropinocytosis and cytoskeletal remodeling [12]
[24]. This is evidenced by studies showing that PI3K inhibitors such as LY294002
and Wortmannin significantly reduce infection, and that the virus triggers Akt
phosphorylation to enhance membrane ruffling [12] [24]. The prevailing model
suggests that ASFV binding to host receptors initiates a PI3K > Akt > mTOR
signaling cascade that drives macropinocytic uptake [12]. Furthermore, the virus
is known to hijack Rho GTPases, including Rac1, Cdc42, and RhoA, to orchestrate
action-driven membrane reorganization [12]. Experimental data from multiple
literature demonstrate that pharmacological inhibition of Racl or expression of
dominant-negative Racl mutants substantially impairs viral entry [12] [24]. The
mechanistic understanding is that ASFV activates a Racl - Pakl - LIMK - Co-
filin signaling axis to destabilize actin networks and facilitate micropinocytosis
[12].

The MAPK/ERK pathway is also utilized by ASFV, with researchers noting that
ERK1/2 activation aids in endosomal trafficking and viral uncoating [12]. Inhibi-
tion of MEK1/2 with U0126 has been shown to reduce infection, leading to the
interpretation that ASFV-induced ERK signaling promotes the endosomal matu-
ration necessary for successful viral escape [4] [26]. ASFV is also understood to
modulate the NF-«B pathway transiently to establish a pro-survival environment
in the host cell during entry. The use of NF-«B inhibitors reduces viral replication,
and it is proposed that early, transient activation of NF-«B by the virus delays apop-
tosis, thereby ensuring successful viral genome release [24] [26]. Calcium signaling
is another critical component, with studies indicating that ASFV induces IP3R-
mediated Ca?* release from endoplasmic reticulum stores [12]. The chelation of in-

tracellular calcium inhibits entry, supporting the view that the virus exploits Ca**

DOI: 10.4236/0jvm.2025.1512021

326 Open Journal of Veterinary Medicine


https://doi.org/10.4236/ojvm.2025.1512021

K. B. Marcelino, G. J. Fang

flux to facilitate macropinosome closure and scission [12]. To evade early immune
detection, ASFV is reported to actively suppress the JAK/STAT pathway [26]. The
observed enhancement of infection upon JAK inhibition suggests viral antagonism
of this pathway, likely through viral proteins that inhibit STAT1/2 phosphoryla-
tion and block interferon signaling [26].

Finally, the virus appears to co-opt autophagy-related pathways, with evidence
indicating that autophagy inhibitors reduce infectivity and that viral proteins in-
teract with core autophagy components like LC3-II [25]. This has led to the con-
clusion that ASFV exploits Beclin-1/ATG5-dependent autophagy to source mem-
branes and potentially enhance endosomal escape [25]. Table 4 shows major host
cell signaling pathways hijacked by ASFV during the entry process, the viral trig-

gers involved, and experimental evidence of their manipulation.

Table 4. Key signaling pathways hijacked by ASFV during entry.

Inhibitors/
Path Key Molecul Role in ASFV Ent
a WaY ey olecules ole 1in n ry Modulators
Macropi ' LY294002,
PI3K/Akt PI3K, Akt, mTOR acropinocytosis s
lnductlon Wortmannin
Acti deling,
Rho GTPases Racl, Cdcd2, Pakl ~ * CHTEMOAEMNS 613766, IPA-3
macropinocytosis
Endosomal
MAPK/ERK MEK1/2, ERK1/2 : V0126
maturation

Anti-apoptotic

NF-xB IxBa, pA238L . . BAY 11-7082
signaling
M .
Ca?* Signaling PLC, IP3R, Ca®* acropinosome BAPTA-AM
closure
STAT1/2,
JAK/STAT Immune evasion Ruxolitinib
MGF360-15R
. Membrane sourcing
Autophagy LC3-I1, Beclin-1 3-MA

for entry

6. Immune Evasion during Viral Entry

African Swine Fever Virus (ASFV) employs multiple immune evasion strategies
at the earliest stages of infection to establish a favorable intracellular environment
and ensure successful replication [4] [9]. These mechanisms act synergistically with
its entry machinery, enabling the virus to bypass or suppress host antiviral defenses
before effective immune activation can occur [4] [26].

One of the most characterized viral factors is A238L, a multifunctional protein
that mimics IxB to inhibit NF-«B signaling [4] [26]. By binding to the p65 subunit

(RELA) and blocking its nuclear translocation, A238L prevents the transcription
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of proinflammatory cytokines and Interferon-Stimulated Genes (ISGs) [26]. This
suppression limits the early antiviral state typically induced upon viral recogni-
tion, allowing ASFV to proceed with unimpeded replication [4]. In parallel, the
A224L protein contributes to anti-apoptotic signaling by inhibiting caspase acti-
vation, delaying programmed cell death during viral entry and genome uncoating
[24].

ASFV also interferes with the JAK/STAT signaling pathway, a critical axis of
interferon-mediated antiviral defense [26]. Viral proteins encoded within the
MGF360 and MGF505 multigene families (e.g., MGF360-15R, MGF505-7R) have
been demonstrated to block STAT1 and STAT?2 phosphorylation, effectively silenc-
ing the expression of interferon-inducible antiviral genes [26]-[28]. This inhibition
occurs almost immediately following viral entry, emphasizing ASFV’s capacity to
suppress innate immunity at the point of cellular invasion [26].

Additionally, ASFV downregulates the expression of MHC class I and II mol-
ecules, impeding antigen presentation and delaying adaptive immune recognition
[4] [9]. The concerted action of these immune modulators enables ASFV to manip-
ulate host signaling networks, suppress inflammatory cytokine production, and sus-
tain infection within macrophages and dendritic cells, its primary target cells [4]
[13] [20].

In summary, immune evasion during ASFV entry is not a downstream phenom-
enon but an integral component of the invasion process itself [4]. Through proteins
like A238L, A224L, and the MGF360/505 families, ASFV executes a preemptive im-
mune shutdown strategy that ensures its early survival and successful establishment
of infection within host cells [4] [24]-[28].

7. Comparative Entry Mechanisms

Research indicates that African Swine Fever Virus (ASFV) utilizes a range of entry
mechanisms that are highly dependent on the biological context [12] [20]. The
prevailing view is that the dominant pathway is determined by the host cell type,
viral strain, and specific microenvironmental conditions [12] [20]. In its primary
target cells, porcine macrophages, entry is understood to occur predominantly
through a combination of macropinocytosis and clathrin-assisted endocytosis, a
conclusion supported by evidence showing that inhibitors like amiloride and chlor-
promazine significantly reduce infection [12]. Although proteins such as CD163
and SIGLECI are recognized as attachment factors, they are not considered to
dictate the specific entry route, with the high membrane plasticity of macrophages
thought to facilitate micropinocytosis [12] [13].

In contrast, studies using non-macrophage cell lines (e.g., Vero, COS-1, PK-15)
suggest that clathrin-mediated endocytosis, often in conjunction with caveolin/li-
pid raft pathways, serves as the dominant entry mechanism [12] [20]. This is evi-
denced by the inhibitory effects of dynasore and filipin in these cells, leading to
the interpretation that non-phagocytic cells rely more heavily on receptor-medi-

ated endocytic processes [20]. Furthermore, within dendritic cells and lymphocytes,
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a distinct, actin-dependent phagocytosis-like uptake mechanism is observed, as
demonstrated by the blocking effect of cytochalasin D [12] [20]. This context-de-
pendent variability underscores the virus’s redundant and adaptable entry strategy
[12] [20]. Table 5 shows differences in predominant entry routes observed between
highly virulent field strains, attenuated/laboratory-adapted strains, and tick-trans-

mitted isolates of ASFV.

Table 5. Strain-dependent variability in ASFV entry routes.

Key Viral Protein

ASFV Strain Preferred Entry Route Evidence
Involved
Georgia 2007/1 Macropinoc.ytosis + p54 (E183L) Cuesta-Geijo et al,
(Virulent) Clathrin 2021
Clathrin-Mediated Herndéez et al,
BA71V (Attenuated) . p12 (O61R)
Endocytosis 2016

Galindo et al,

E70 (Low Virulence) Caveolin/Lipid Rafts p30 (CP204L) 2018

Why? Highly virulent strains induce stronger Rac1/PI3K signaling, promoting
macropinocytosis. Attenuated strains rely more on clathrin due to reduced mem-
brane ruffling [18] [20] [22]. Host Receptor Usage Across Cell Types, ASFV does
not depend on a single receptor but uses multiple attachment factors [12] [13].
Table 6 shows cell-type-specific activation and exploitation of key signaling path-
ways by ASFV in macrophages, dendritic cells, and non-phagocytic cell lines.

Table 6. Comparative activation of signaling pathways in different host cell types.

Receptor Cell Type Role in Entry Key Study
CD163 Porcine Enhances binding but ~ Whitworth et al,
macrophages not strictly required 2020

SIGLECI (CD169) Macrophages/ Sialic acid-dependent Zhang et al,

Denderitic cells attachment 2021
Epithelial cells . Wang et al,
Heparan Sulfate Initial attachment
(Vero, PK-15) 2021
Promotes P fal
opescu et al.,
CD14 Dendritic cells phagocytosis-like P

2020
uptake

Key Finding: Knockout of CD163 reduces but does not abolish infection (Dixon
et al,, 2013) [14]. Heparan sulfate is critical in non-macrophage cells but redundant
in macrophages [12]. Comparative Signaling Pathway Hijacking. ASFV differen-
tially activates signaling pathways depending on entry route [12] [24]:
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Pathway Macrophages Non-macrophages Key Modulator

Strongly activated

. ] Weak activation LY294002 blocks
(macropinocytosis)

PI3K/Akt

Essential (actin

Racl/RhoA . Minor role NSC23766 inhibits
ruffling)
Clathrin-Dynamin Secondary route Primary route Dynasore blocks
Filipin/MCD
Caveolin/Cholesterol Minimal role Major route ! le{ 'BC
inhibits

Takeaway, the prevailing model indicates a clear cell-type preference for viral entry:
macrophages are primarily entered via a PI3K/Akt/Rac1-driven macropinocytosis
pathway, whereas epithelial cells are typically infected through dynamin-dependent
mechanisms such as clathrin- or caveolin-mediated endocytosis [12] [20].

Evolutionary Implications & Host Adaptation, from an evolutionary standpoint,
itis observed that wild-type strains (e.g., Georgia 2007/1) maintain the capacity
to utilize multiple, redundant entry routes [18]. This plasticity is widely inter-
preted as a strategic adaptation for evading host immune defenses [4] [18]. In
contrast, laboratory-adapted strains (e.g., BA71V) are noted to have lost efficiency
in macropinocytosis, resulting in an increased reliance on clathrin-mediated path-
ways [20] [22]. This differential entry strategy is further considered a key factor in
the virus’s host-switching potential, enabling its infection of diverse hosts such as
wild boar, ticks, and domestic pigs through distinct mechanistic routes [5] [18]
[29] [30].

Key Knowledge Gaps & Future Research, significant knowledge gaps persist,
prompting several critical research questions. A primary unknown is whether ASFV
entry mechanisms differ fundamentally between its tick vectors and mammalian
hosts [5] [29]. Furthermore, a comparative analysis of entry pathways used by
emerging field strains (e.g., ASFV-Asia-2021) versus classic strains is deemed es-
sential [7] [18] [31]. Finally, a crucial line of future inquiry involves determining
whether host-directed inhibitors (e.g., Racl blockers) could effectively prevent
cross-species transmission, a research direction with substantial implications for

pandemic preparedness and control [10] [18].

8. Host Genetic and Environmental Determinants of ASFV
Susceptibility

Recent studies have highlighted that host genetic factors significantly influence
susceptibility and disease progression in African Swine Fever Virus (ASFV) infec-
tions [4] [26]. Genetic polymorphisms in immune-regulatory genes such as RELA
(NF-«B p65 subunit) and TNF-a have been linked to variations in cytokine pro-
duction and inflammatory responses during infection [4] [26]. For example, pigs
expressing specific RELA variants exhibit altered NF-xB activation dynamics, which

modulate interferon signaling and apoptotic control, impacting viral replication
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efficiency [26]. Similarly, differential expression of TNF-a correlates with tissue
damage severity and immune-mediated pathology [4].

Beyond genetic factors, environmental determinants also play a crucial role in
shaping ASFV epidemiology [1] [26]. The most notable are tick vectors of the ge-
nus Ornithodoros, which act as both reservoirs and mechanical transmitters of
the virus [2] [5] [29]. ASFV persists in these ticks for extended periods, facilitating
interspecies transmission and long-distance spread [2] [5]. Climatic factors, hab-
itat suitability, and human-mediated animal movement further compound trans-
mission risk, especially in endemic and newly affected regions [6]-[8] [32].

Integrating genetic susceptibility data with ecological vector surveillance could
enhance predictive modeling for ASFV outbreaks and guide targeted biosecurity
interventions [4] [5] [30].

9. Unanswered Questions and Future Directions

Despite extensive investigation, significant knowledge gaps persist in the under-
standing of African Swine Fever Virus (ASFV) [1] [4] [9]. The following outlines
key unresolved questions and proposed research avenues, categorized by themes.

Viral Entry & Early Infection, such as Receptor Complexity: A central question
is whether ASFV entry requires a core receptor or is an opportunistic process. Cur-
rent data indicate that proteins like CD163 and SIGLEC1 enhance infection but
are non-essential [12] [13]. Future efforts are directed toward employing CRISPR-
based screens to identify absolute entry receptors [12]. Strain-Specific Entry Dif-
ferences: The field seeks to understand why highly virulent strains (e.g., Georgia
2007/1) appear to prefer macropinocytosis, while attenuated strains (e.g., BA71V)
utilize clathrin-mediated pathways [18] [20] [22]. A prevailing hypothesis suggests
virulent strains may encode viral modulators of Rac1/PI3K signaling [24]. Future
work will involve comparative analysis of viral protein structures (e.g., p54, p30)
across different strains [15]-[17]. Tick vs. Mammalian Cell Entry, the mechanisms
by which ASFV enters tick cells (Ornithodoros spp.) compared to pig macrophages
remain almost entirely uncharacterized [5] [29]. Addressing this gap will require
the development of improved tick cell line models and the application of compar-
ative transcriptomics [5].

Intracellular Trafficking & Escape, such as Endosomal Escape Mechanism: It re-
mains unclear whether ASFV uses a fusion mechanism (analogous to herpesviruses)
or pore formation (like flaviviruses) to escape endosomes [12] [23]. Although the
protein pE248R has been identified as a putative fusogen, it lacks structural con-
firmation [23]. Future research priorities include obtaining Cryo-EM structures
of ASFV-endosome fusion intermediates [15] [17]. Role of Autophagy in Viral
Factories, the role of autophagy is contentious, with some studies indicating ATG5-
dependence for viral replication, while others show ASFV-mediated inhibition
of the pathway [25]. A key question is whether autophagosomes are hijacked for
membrane sourcing or for immune evasion [25]. Resolving this will likely re-

quire live-cell imaging to visualize the colocalization of LC3 and viral factors
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[25].

Immune Evasion & Host Adaptation such as Epigenetic Modulation by ASFV:
emerging data suggest ASFV may alter host chromatin architecture to suppress
interferon responses, for example, through the histone-binding activity of the A238L
protein [4] [26]. Future studies employing techniques like ChIP-seq on infected
macrophages are expected to elucidate the extent of this modulation [26]. Strain-
Specific Immune Evasion: The reason for differential efficiency in interferon-I (IFN-
I) evasion among strains (e.g., Malawi vs. others) is not known [4] [18]. A leading
hypothesis implicates variable expression of genes from the MGF360/505 families
[26]-[28]. Functional knockout of these MGF genes across various strains is a pro-
posed direction for future research [27] [28].

Vaccines & Therapeutics such as Cross-Protective Vaccine Targets: A major
challenge is identifying viral proteins that are conserved across strains and capable
of eliciting neutralizing antibodies [9] [22]. Antibodies against the major capsid
protein p72 often fail to neutralize the virus [9]. Consequently, future research is
increasingly focused on the fusion machinery proteins p54 and p30 [9] [16]. Host-
Directed Antivirals: Researchers are investigating whether host pathways critical
for entry, such as PI3K/Racl, can be targeted for antiviral therapy without incur-
ring significant toxicity [10]. The efficacy of Racl inhibitors (e.g., NSC23766) in
vitro has been demonstrated; the logical next step involves testing the efficacy of
such kinase inhibitors in pig trial models [10].

Furthermore, Ecology & Evolution, such as Role of Wild Boar: The precise role
of wild boar in the epidemiology of ASFV is a subject of controversy. Some studies
provide evidence for persistent infection, while others contest this, suggesting they
may be dead-end hosts [30] [32]. Future metagenomic surveillance of wild boar
populations is deemed critical to clarify their role as potential long-term reservoirs
[30]. ASFV Mutation Rate in Ticks: A significant knowledge gap exists concerning
the evolutionary dynamics of ASFV in its arthropod vector [5] [18]. It is unknown
whether the virus evolves at a faster rate in ticks compared to pigs [18]. This ques-
tion can be addressed through longitudinal sequencing and comparative genomics
of ASFV isolates derived from ticks and pigs [18]. Table 7 shows priority research
tools and experimental approaches proposed to close the most critical remaining

knowledge gaps in ASFV entry, pathogenesis, and control.

Table 7. Key tools needed to address these gaps.

Challenge Required Technology Example Study

M h . epithelial
Single-cell Entry Pathways Spatial transcriptomics acrop agetvs cpitheta
entry

Viral Fusion Mechanism Cryo-ET of ASFV-endosomes pE248R structure-function

In Vivo Immune Evasion Humanized pig models MGEF gene knockouts
Tick Transmission Ornithodoros cell culture  Tick vs. pig entry comparisons
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Most Urgent Unanswered Questions are such: What is the atomic-level mech-
anism of ASFV fusion? (Cryo-EM needed) [15] [17]. Can we block ASFV transmis-
sion at the tick-pig interface? Do asymptomatic carriers drive ASFV persistence in
the wild boar? [30] [32].

10. Conclusions

African Swine Fever Virus (ASFV) continues to be widely regarded as a formida-
ble global threat to swine health and food security. Experts point to its complex
biology, efficient immune evasion strategies, and the absence of effective vaccines
as the core persistent challenges. Investigations over decades are acknowledged to
have elucidated key aspects of viral entry, replication, and host-pathogen interac-
tions. These studies have revealed the sophisticated mechanisms the virus uses to
subvert both innate and adaptive immunity.

The scientific community notes that while promising vaccine candidates, such
as live-attenuated and subunit approaches, have emerged, significant hurdles re-
main due to limitations in cross-protection and safety concerns. Furthermore, the
virus’s expanding geographical range is seen as underscoring an urgent need for
coordinated international efforts in surveillance, biosecurity, and innovative con-
trol strategies.

It is generally agreed that future progress will depend on multidisciplinary col-
laboration to bridge critical knowledge gaps in ASFV pathogenesis, accelerate vac-
cine development, and implement sustainable prevention measures. The prevailing
view is that as research continues to unravel the intricacies of ASFV-host interac-
tions, translating these insights into practical solutions is essential to mitigate the

disease’s devastating impact on global swine production.
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