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Abstract: African swine fever (ASF) is a highly contagious viral disease of swine which causes high
mortality, approaching 100%, in domestic pigs. ASF is caused by a large, double stranded DNA virus,
ASF virus (ASFV), which replicates predominantly in the cytoplasm of macrophages and is the only
member of the Asfarviridae family, genus Asfivirus. The natural hosts of this virus include wild suids
and arthropod vectors of the Ornithodoros genus. The infection of ASFV in its reservoir hosts is usually
asymptomatic and develops a persistent infection. In contrast, infection of domestic pigs leads to a
lethal hemorrhagic fever for which there is no effective vaccine. Identification of ASFV genes involved
in virulence and the characterization of mechanisms used by the virus to evade the immune response
of the host are recognized as critical steps in the development of a vaccine. Moreover, the interplay of
the viral products with host pathways, which are relevant for virus replication, provides the basic
information needed for the identification of potential targets for the development of intervention
strategies against this disease.

Keywords: African swine fever virus; ASFV; virus entry; endocytosis; endosomal pathway; host cell
targets; cellular responses; ER stress; apoptosis; autophagy; A179L

1. Introduction

African swine fever (ASF) is a viral disease of swine that leads to a high mortality in domestic
pigs while being asymptomatic in the natural suid reservoir hosts [1–3]. It causes important economic
losses that are unavoidable in the absence of an effective vaccine and the available methods of disease
control are the quarantine of the affected area and the slaughter of the infected animals [4]. ASF is
caused by the ASF virus (ASFV), a double-stranded DNA virus with a complex molecular structure.
It is the only member of the Asfarviridae family [5] and the only DNA virus transmitted by arthropods,
soft ticks of the Ornithodoros genus [3,6]. Soft ticks (Ornithodoros moubata) are involved in the sylvatic
transmission cycle of the virus in Africa and O. erraticus in Europe. The wild boar that suffers an acute
disease similar to the domestic pig appears to be relevant in the transmission cycle in Europe.

The disease caused by this virus was first identified in Kenya in the 1920s [7]. Then, it was
confined to Africa until it spread to Europe in the middle of the last century, and later to South America
and the Caribbean. The disease was eradicated from Europe (except of Sardinia) at the 1990s via
drastic control and eradication programs. However, in 2007, the disease spread again out of Africa
into the Caucasus, especially Georgia, and in 2014 it reached the eastern territory of the European
Union. The latest reports of the disease include an increasing list of EU countries, Poland and the three
Baltic republics [8,9] and very recently Moldova [10]. Due to the absence of vaccines with protective
efficacy, ASF represents a serious threat to all European countries. The epidemiological complexity
of ASF has been clearly demonstrated in eastern and southern Africa, where genetic characterization
of ASFV based on sequence variation in the C-terminal region of the B646L gene encoding the major
capsid protein p72, revealed the presence of 22 genotypes [11,12]. Recently, a new genotype, genotype
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XXIII, that shares a common ancestor with genotypes IX and X, which comprise isolates circulating
in Eastern African countries and the Republic of Congo, has been described [13]. This review paper
summarizes the current state of knowledge about ASFV.

2. African Swine Fever Virus

ASFV is a large, enveloped virus with icosahedral morphology and an average diameter of 200 nm.
The viral genome consists of a single molecule of linear, covalently close-ended, double stranded DNA.
The genomes of different isolates vary in length between 170 and 190 Kbp and encode between 151
and 167 open reading frames. ASFV replication cycle is mainly cytoplasmic, but the nucleus is also a
site of viral DNA synthesis at early times [14,15]. The disassembly of the lamina network close to the
sites where the viral genome starts its replication and the redistribution of several nuclear proteins
suggests the existence of sophisticated mechanisms to regulate the nuclear machinery during viral
infection [16].

Transcription of viral genes is strongly regulated. Four classes of mRNAs have been identified
by their distinctive accumulation kinetics—including immediate–early, early, intermediate, and late
transcripts. Immediate–early and early genes are expressed before the onset of DNA replication,
whereas intermediate and late genes are expressed afterwards. The presence of intermediate genes
suggests a cascade model for the regulation of ASFV gene expression [17,18]. Enzymes required
for DNA replication are expressed immediately after virus entry into the cytoplasm from partially
uncoated core particles and using enzymes and other factors packaged in virus particles [17–20].
Virus morphogenesis takes place in the viral factories where the main late phase of DNA replication
also occurs.

3. Virion Structure

The ASFV particle has an icosahedral morphology composed of several concentric domains: the
internal core formed by the central genome contains the nucleoid, which is coated by a thick protein
layer named core shell; an inner lipid envelope surrounding the core; and finally the capsid, which is
the outermost layer of the intracellular virions [21]. The extracellular virions possess an additional
external envelope that is obtained when the virus buds out through the plasma membrane [22].
However, the importance of this envelope is unclear as it is not required for infectivity [23].

4. Viral Entry Mechanisms

The ASFV infectious cycle starts with the viral adsorption and entry into the host cell. Early
studies on ASFV entry characterized this event as a low pH- and temperature-dependent process
consistent with saturable and specific receptor-mediated endocytosis in Vero cells and porcine
macrophages [24–27]. However, the receptor(s) for the virus still remain unknown. The limited
cell tropism of ASFV suggests that a macrophage-specific receptor is required for infection. Successful
infection of porcine macrophages and monocytes by ASFV correlates to the expression of the CD163
scavenger receptor, a hallmark of macrophage maturation. It was previously suggested as a potential
virus receptor, as monoclonal antibodies against this molecule were able to block infection of primary
alveolar macrophages [28]. However, more recent studies have demonstrated that CD163 is not
necessary for infection with the Georgia 2007/1 virus isolates. Gene-edited pigs possessing a complete
knockout of CD163 produced using the CRISPR/Cas9 system showed no differences in clinical
signs, mortality, pathology, or viremia [29]. One conclusion from these studies was that CD163 may
be necessary but insufficient for infection, suggesting that other macrophage surface proteins may
participate in the infection process.

While there is support for receptor-dependent mechanisms of viral entry, such as
clathrin-mediated dynamin-dependent endocytosis [30,31], there is also evidence that ASFV exploits
other mechanisms, such as phagocytosis [32] and macropinocytosis [33,34]. Also, cholesterol is required
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for a successful entry. These mechanisms occur both in the macrophage target cell and in Vero cells
using viral isolates adapted to this cell line.

In addition, some ASFV proteins are involved in the entry mechanism such as p30, important for
viral internalization, while other proteins such as p12 and p54 have been identified as potential viral
attachment proteins [35–37].

5. ASFV Enters the Endosomal Pathway

ASFV infection by either pathway of entry should finally reach the endocytic pathway [38]. Once
the virus has entered the endocytic pathway, it must pass through different endosome populations
to achieve a successful infection (Figure 1). Endocytic pathway maturation is carefully orchestrated
by proteins and lipids that are recruited to the endosomal membrane. Rab GTPase protein family
is the major regulator of the endosomal maturation pathway, where each member of the Rab family
is specifically located to a different endosomal compartment [39]. Incoming viruses are found in
early endosomes (EE) labeled with Rab5 and EEA1 markers from very few minutes after adsorption.
In fact, complete encapsidated virions are only found at the level of EE but not in other mature
acidic compartments [38]. The inhibition of endosomal acidification with bafilomycin A1 prevents
viral decapsidation and only under this condition it is possible to observe complete viruses inside
multivesicular endosomes positive for CD63 and late endosomes expressing Rab7. In normal
conditions, late endosomes harbor only viral cores lacking the capsid protein [38].
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Figure 1. ASFV enters the host cell through a complex process involving dynamin- and
clathrin-mediated endocytosis and macropinocytosis. Only few seconds later, ASFV progresses through
the endocytic pathway and reaches mature endosomal compartments where viral decapsidation and
fusion of the inner viral envelope with the endosomal membrane occurs. Newly synthesized virions
are assembled in the viral factory and will exit the cell either by exocytosis budding at the plasma
membrane or through the formation of apoptotic bodies.

Viral decapsidation occurs at the acidic intraluminal pH in mature endosomal compartments
between 30 and 45 min post infection (mpi). Mature endosomal compartments are multivesicular
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bodies expressing CD63 that are characterized by the presence of intraluminal vesicles and also, late
endosomes expressing Rab7. Dependence on the endosomal maturation for sequential viral uncoating
and penetration has been also described for other viruses [40,41]. Once decapsidated, virus particles
expose the inner envelope which allows their interaction and subsequent fusion of this viral membrane
with the limiting membrane of the endosomes and naked cores can be released into cytosol in order
to start replication. This process is strongly dependent on the cholesterol efflux at the endosomal
membrane. In fact, blocking cholesterol transport at this level causes retention of virions inside
endosomes, inhibiting infection progression [42]. The inner envelope viral protein pE248R is also
involved in viral fusion. This protein shares sequence similarity with some members of the poxviral
entry/fusion complex [34].

Other inhibitors of endosome maturation such as wortmannin, a phosphatidylinositol 3
(PI3)-kinase inhibitor that blocks early endosome fusion, and nocodazole, an inhibitor that disturbs
microtubule-dependent endosomal transport also prevent ASFV infection [38].

6. ASFV Gene Expression and DNA Replication

Incoming ASFV virions should reach their replication site in the perinuclear area close to the
microtubule organizing center (MTOC) [43]. Immediate early and early genes are expressed before the
onset of DNA replication. Both DNA chains are alternatives used as the coding strand. This is possible
due to the action of several enzymes involved in viral transcription that are packed in the viral core.
Following DNA replication, the transcription of intermediate and late genes begins. ASFV commits
approximately 20% of its genome to encode genes involved in the transcription and modification of its
mRNAs. This transcriptional machinery gives to ASFV a relative independence from its host and an
accurate positional and temporal control of its gene expression [44]. The existence of a nuclear stage
in the replication of ASFV DNA has been determined by in situ hybridization and autoradiography
in thin sections of infected cells, although the precise role of the nucleus in viral replication remains
unclear. Sedimentation analysis of replicating viral DNA in alkaline sucrose gradients has shown
that small DNA fragments are pulse-labeled in the nucleus at early times in the replication of the
viral DNA, whereas larger molecules are synthesized in the cytoplasm at later times. The replicative
intermediates that are synthesized both in the nucleus and cytoplasm of ASFV-infected cells consist
of head to head concatemers. It is possible that the nucleus may provide small transcripts or other
factors required for priming virus replication or that an early stage of virus DNA replication should
take place [15].

7. Formation of the Viral Factory

Microtubules are required for the transport of the virus to perinuclear area, where replication takes
place. Integrity of microtubules is required for the formation of viral factories [45] and virus particles
are found associated to stabilized microtubules at entry [46]. Also, nocodazole, which interferes with
the polymerization of microtubule filaments, prevents the correct formation of factories [43,47–49].
Structural protein p54 interacts with the dynein motor protein during virus infection and could
constitute a molecular mechanism for microtubule-mediated virus transport [43].

The viral factory, localized in the cytoplasm close to the nucleus, can be described as a single
and large perinuclear area at the MTOC. On this site, viral proteins and DNA are accumulated and
newly synthesized virions are assembled. A cage made of intermediate filament vimentin surrounds
the viral factory likely to prevent the sensing of viral components into the cytoplasm and concentrate
structural proteins at sites of assembly [50]. There are many features shared between aggresomes
and VFs. However, neither HDAC6 nor Bag3 are required for factory formation, suggesting that
aggresomes and viral factories are not the same structures [51].

Formation of viral replication sites depends on several cellular determinants. For example, Rho
GTPase inhibitors produce an abnormal viral factory size with the accumulation of envelope precursors
and immature virions [46]. This specialized site at the MTOC, contains viral DNA, most of the viral
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proteins, immature and mature virions, and also abundant virus-induced membranes. Viral factories
contain precursors that develop into icosahedral intermediates by the assembly of the icosahedral
capsid and the core shell domain. The last step of virion morphogenesis will be the encapsidation
of DNA giving rise to mature virions. Finally, the newly formed virus leaves the factory and is
transported to the cell surface by kinesin where it is released by budding [50]. Extracellular virus is
covered by an additional external envelope that is acquired during this budding process [22].

8. ER Stress and Unfolded Protein Response

The virus modifies and interacts with cellular pathways in response to infection. The endoplasmic
reticulum (ER) is an essential organelle for ASFV replication and maturation and a large number of
viral proteins are synthesized in infected cells and accumulated in the ER during the viral life cycle.
This process can trigger ER stress and the unfolded protein response (UPR) of the host cell as the
induction of caspase 12 indicates [52]. Viruses have evolved various mechanisms to counteract these
cellular responses that would limit or inhibit viral replication. This response is a regulatory program
that upregulates a large number of genes, such as ER chaperones and ER-associated degradation
(ERAD) components, which increase the folding capacity of the ER. ASFV induces the upregulation of
the chaperones calnexin and calreticulin, but not ERp57, PDI [52], or BiP/Grp78 [52,53]. Moreover,
ASFV induces selectively the transcription factor 6 (ATF6) signaling pathway of the UPR, but not the
protein kinase-like ER kinase (PERK) or the inositol-requiring enzyme 1 (IRE1) pathways. Thus, the
capacity of ASFV to regulate the UPR signaling cascade may prevent the effects that are detrimental to
the infection, while maintaining those that are beneficial. Importantly, viral protein DP71L is involved
in ATF4 downregulation and in CHOP inhibition [54]. DP71L, homolog of the neurovirulence factor
ICP34.5 of HSV-1 and the cellular gene GADD34, binds to catalytic subunit of protein phosphatase
1 (PP1) and causes the dephosphorylation of eukaryotic translation initiation factor 2 alpha (eIF2 α),
thereby preventing the inhibition of protein synthesis produced by ER stress and the UPR [55].

9. ASFV and Apoptosis

ER stress after ASFV infection is reflected by the activation of caspase 12, which follows similar
temporal dynamics to the activation of mitochondrial caspase 9 and effector caspase 3 [52]. Apoptosis
represents an important innate cellular mechanism to prevent virus infection, and many viruses
have developed strategies for inhibiting or delaying this cellular response in turn [56]. Thus, ASFV
A179L gene encodes an homolog of antiapoptotic Bcl-2 protein to prolong host cell survival until
the replication of the viral genome is completed [57]. This viral Bcl-2 is expressed both at early and
late times after infection and inhibits the action of several pro-apoptotic BH3-only proteins, known
to be rapid inducers of apoptosis, such as activated Bid, BimL, BimS, BimEL, Bad, Bmf, Bik, Puma,
and DP5 [58]. Another ASFV gene, A224L, encodes a member of the family of apoptosis inhibitors
known as IAP proteins and is able to inhibit caspase activation and to promote cell survival [59,60].
Viral IAP not only blocks caspase-3 activation but also activates NF-κB [61]. It is interesting that the
virus encodes an IκB-like molecule (A238L) that interferes with NF-κB activation [62]. A238L and
A224L are expressed at different times during ASFV infection, this suggests that ASFV requires a
low NF-κB activity at early times of infection to avoid immune responses but a higher activity at
late times, probably to prevent apoptosis as the cellular systems are abused [61]. At very late stages
of ASFV infection, infected cells undergo apoptosis [63] and show the characteristic morphological
changes of programmed cell death, including typical membrane blebbing of the infected cell that led
to the formation of numerous vesicles containing virus [45] and this could be an efficient system for
virus spread.

10. ASFV and Autophagy

A179L, the viral Bcl2 homolog of African swine fever virus, not only interacts with pro-apoptotic
Bcl2 family proteins to inhibit apoptosis but also inhibits autophagy by interacting with Beclin1
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through its BH3 homology domain. ASFV is armed to counteract elimination by autophagy as other
DNA viruses. An example of that is the HSV-1 ICP34.5 protein, which inhibits autophagy by targeting
Beclin1 [64]. ASFV encodes a protein homologous to ICP34.5, which exerts other functions. ASFV
DP71L inhibits the ER stress response activating PP1/protein phosphatase 1 [55]. However, in contrast
to HSV-1 ICP34.5, it does not interact with Beclin1 [65].

In fact, ASFV infection does not induce LC3 activation or autophagosome formation in Vero
cells [65]. Autophagy is a relevant cellular defense mechanism that allows the orderly degradation
and recycling of cellular components. Autophagy eliminates intracellular pathogens and has a crucial
role for innate and adaptive immune responses. Some DNA viruses, such as ASFV and HSV-1, have
developed strategies to keep this cellular response under control to prevent the degradation of newly
assembled virions. In contrast, most RNA viruses have been reported to induce autophagy in infected
cells, and in several cases autophagy may enhance viral replication [66].

11. ASFV Egress

The mature particle is transported from the virus factories to the cell surface through a
microtubule-mediated mechanism [48] depending on the motor protein conventional kinesin [67] and
on the capsid protein pE120R [68]. Once on the cell surface, particles exit the host cell by budding at
the membrane, acquiring an additional envelope [22]. Both intracellular and extracellular viruses are
infectious but structurally and antigenically different [68], and this could have important implications
in the host immune response against ASFV.

12. Potential Vaccines and Antivirals

Previous attempts to develop vaccines against ASFV have failed to induce protective immunity.
Currently, there are several reports of the protection elicited by experimental vaccines based in live
attenuated ASFV (LAV) containing single or double gene deletions in the genome [69] and other
different approaches, including DNA vaccines [70,71]. Some of them might turn into successful
vaccine candidates. Nowadays, a vaccine to be used in the field should meet a number of requirements.
Any potential ASFV vaccine should include markers for differentiation between infected or vaccinated
animals that allows for DIVA diagnostics. Also, vaccine production could not be possible because
of the lack of a cell line supporting the replication of attenuated vaccine viruses without modifying
the virus virulence. At present, wild boars were found to be major players of disease spread in both
the Baltics and Poland. Hence, a live vaccine given as bait for these animals could be crucial to limit
disease spread. In the current scenario, a vaccine would make possible to eradicate the disease together
with infection surveillance by diagnostics. Available diagnostic methods allow both virus detection
and also detection of antibodies for identification of survivors and asymptomatic carriers [72].

Until an effective vaccine is developed, the possibility of using antivirals remains. Antiviral
strategies have been extensively applied in human infections but can be used in animal health.
Antivirals are useful for an early control of virus spread after an outbreak. In addition, the
combination of antivirals with vaccination protocols could be applied to elicit the immune response
required for effective protection against the disease. Here, we have reviewed potential molecular
targets to be considered as targets for antivirals. Antivirals against ASFV described include
resveratrol and oxyresveratrol [73], microalgae [74], cholesterol lowering drugs [46] or inhibitors
of cholesterol transport [42], antitumoral lauryl-gallate [75], anticonvulsivant valproic acid [75],
dynamin inhibitors [38], fluoroquinolones [76], serine protease inhibitors [52], specific peptides [77],
and miscelanea [32]. These could be eventually applied in a quick response to reduce susceptible
animals in order to create ‘safe areas’ around the outbreaks and thus control the spread of the infection.

Acknowledgments: This work was funded by grant AGL2015-69598-R of the Ministerio de Economía, Industria
y Competitividad of Spain.

Conflicts of Interest: The authors declare no conflict of interest.



Viruses 2017, 9, 103 7 of 10

References

1. Parker, J.; Plowright, W.; Pierce, M.A. The epizootiology of african swine fever in Africa. Vet. Rec. 1969, 85,
668–674. [PubMed]

2. Thomson, G.R.; Gainaru, M.D.; van Dellen, A.F. Experimental infection of warthos (Phacochoerus aethiopicus)
with african swine fever virus. Onderstepoort J. Vet. Res. 1980, 47, 19–22. [PubMed]

3. Anderson, E.C.; Hutchings, G.H.; Mukarati, N.; Wilkinson, P.J. African swine fever virus infection of the
bushpig (Potamochoerus porcus) and its significance in the epidemiology of the disease. Vet. Microbiol. 1998,
62, 1–15. [CrossRef]

4. Penrith, M.L.; Vosloo, W. Review of african swine fever: Transmission, spread and control. J. S. Afr. Vet.
Assoc. 2009, 80, 58–62. [CrossRef] [PubMed]

5. Dixon, L.K.; Escribano, J.M.; Martins, C.; Rock, D.L.; Salas, M.L.; Wilkinson, P.J. Asfarviridae. In Virus
Taxonomy. VIIIth Report of the ICTV; Fauquet, C.M., Mayo, M.A., Maniloff, J., Desselberger, U., Ball, L.A., Eds.;
Elsevier/Academic Press: London, UK, 2005; pp. 135–143.

6. Kleiboeker, S.B.; Scoles, G.A.; Burrage, T.G.; Sur, J. African swine fever virus replication in the midgut
epithelium is required for infection of ornithodoros ticks. J. Virol. 1999, 73, 8587–8598. [PubMed]

7. Montgomery, R.E. On a form of swine fever occurring in british east Africa (Kenya Colony). J. Comp. Pathol.
Ther. 1921, 34, 159–191. [CrossRef]

8. Wozniakowski, G.; Kozak, E.; Kowalczyk, A.; Lyjak, M.; Pomorska-Mol, M.; Niemczuk, K.; Pejsak, Z. Current
status of african swine fever virus in a population of wild boar in eastern Poland (2014–2015). Arch. Virol.
2016, 161, 189–195. [CrossRef] [PubMed]

9. Pejsak, Z.; Truszczynski, M.; Niemczuk, K.; Kozak, E.; Markowska-Daniel, I. Epidemiology of african swine
fever in Poland since the detection of the first case. Pol. J. Vet. Sci. 2014, 17, 665–672. [CrossRef] [PubMed]

10. OIE-WAHID. World Animal Health Information Database (Wahid) [Database on the Internet]. World
Organisation for Animal Health (OIE), 2017. [Cited World Animal Health Information System (WAHIS)].
Available online: http://www.Oie.Int/wahis/public.Php?Page=home (accessed on 27 March 2017).

11. Boshoff, C.I.; Bastos, A.D.; Gerber, L.J.; Vosloo, W. Genetic characterisation of african swine fever viruses
from outbreaks in southern Africa (1973–1999). Vet. Microbiol. 2007, 121, 45–55. [CrossRef] [PubMed]

12. Bastos, A.D.; Penrith, M.L.; Cruciere, C.; Edrich, J.L.; Hutchings, G.; Roger, F.; Couacy-Hymann, E.;
Thomson, G.R. Genotyping field strains of african swine fever virus by partial p72 gene characterisation.
Arch. Virol. 2003, 148, 693–706. [CrossRef] [PubMed]

13. Achenbach, J.E.; Gallardo, C.; Nieto-Pelegrin, E.; Rivera-Arroyo, B.; Degefa-Negi, T.; Arias, M.; Jenberie, S.;
Mulisa, D.D.; Gizaw, D.; Gelaye, E.; et al. Identification of a new genotype of african swine fever virus in
domestic pigs from Ethiopia. Transbound. Emerg. Dis. 2016. [CrossRef] [PubMed]

14. Garcia-Beato, R.; Salas, M.L.; Vinuela, E.; Salas, J. Role of the host cell nucleus in the replication of African
swine fever virus DNA. Virology 1992, 188, 637–649. [CrossRef]

15. Rojo, G.; Garcia-Beato, R.; Vinuela, E.; Salas, M.L.; Salas, J. Replication of african swine fever virus DNA in
infected cells. Virology 1999, 257, 524–536. [CrossRef] [PubMed]

16. Ballester, M.; Rodriguez-Carino, C.; Perez, M.; Gallardo, C.; Rodriguez, J.M.; Salas, M.L.; Rodriguez, F.
Disruption of nuclear organization during the initial phase of african swine fever virus infection. J. Virol.
2011, 85, 8263–8269. [CrossRef] [PubMed]

17. Almazan, F.; Rodriguez, J.M.; Andres, G.; Perez, R.; Vinuela, E.; Rodriguez, J.F. Transcriptional analysis of
multigene family 110 of african swine fever virus. J. Virol. 1992, 66, 6655–6667. [PubMed]

18. Rodriguez, J.M.; Salas, M.L.; Vinuela, E. Intermediate class of mRNAs in African swine fever virus. J. Virol.
1996, 70, 8584–8589. [PubMed]

19. Almazan, F.; Rodriguez, J.M.; Angulo, A.; Vinuela, E.; Rodriguez, J.F. Transcriptional mapping of a late gene
coding for the p12 attachment protein of African swine fever virus. J. Virol. 1993, 67, 553–556. [PubMed]

20. Salas, M.L.; Kuznar, J.; Vinuela, E. Polyadenylation, methylation, and capping of the RNA synthesized
in vitro by African swine fever virus. Virology 1981, 113, 484–491. [CrossRef]

21. Salas, M.L.; Andres, G. African swine fever virus morphogenesis. Virus Res. 2013, 173, 29–41. [CrossRef]
[PubMed]

22. Breese, S.S., Jr.; de Boer, C.J. Electron microscope observations of African swine fever virus in tissue culture
cells. Virology 1966, 28, 420–428. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/5391024
http://www.ncbi.nlm.nih.gov/pubmed/7454231
http://dx.doi.org/10.1016/S0378-1135(98)00187-4
http://dx.doi.org/10.4102/jsava.v80i2.172
http://www.ncbi.nlm.nih.gov/pubmed/19831264
http://www.ncbi.nlm.nih.gov/pubmed/10482612
http://dx.doi.org/10.1016/S0368-1742(21)80031-4
http://dx.doi.org/10.1007/s00705-015-2650-5
http://www.ncbi.nlm.nih.gov/pubmed/26497350
http://dx.doi.org/10.2478/pjvs-2014-0097
http://www.ncbi.nlm.nih.gov/pubmed/25638980
http://www.Oie.Int/wahis/public.Php?Page=home
http://dx.doi.org/10.1016/j.vetmic.2006.11.007
http://www.ncbi.nlm.nih.gov/pubmed/17174485
http://dx.doi.org/10.1007/s00705-002-0946-8
http://www.ncbi.nlm.nih.gov/pubmed/12664294
http://dx.doi.org/10.1111/tbed.12511
http://www.ncbi.nlm.nih.gov/pubmed/27211823
http://dx.doi.org/10.1016/0042-6822(92)90518-T
http://dx.doi.org/10.1006/viro.1999.9704
http://www.ncbi.nlm.nih.gov/pubmed/10329562
http://dx.doi.org/10.1128/JVI.00704-11
http://www.ncbi.nlm.nih.gov/pubmed/21680527
http://www.ncbi.nlm.nih.gov/pubmed/1404609
http://www.ncbi.nlm.nih.gov/pubmed/8970983
http://www.ncbi.nlm.nih.gov/pubmed/8416381
http://dx.doi.org/10.1016/0042-6822(81)90176-8
http://dx.doi.org/10.1016/j.virusres.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23059353
http://dx.doi.org/10.1016/0042-6822(66)90054-7


Viruses 2017, 9, 103 8 of 10

23. Schloer, G.M. Polypeptides and structure of African swine fever virus. Virus Res. 1985, 3, 295–310. [CrossRef]
24. Valdeira, M.L.; Geraldes, A. Morphological study on the entry of African swine fever virus into cells. Biol.

Cell 1985, 55, 35–40. [CrossRef] [PubMed]
25. Alcami, A.; Carrascosa, A.L.; Vinuela, E. Interaction of African swine fever virus with macrophages. Virus

Res. 1990, 17, 93–104. [CrossRef]
26. Alcami, A.; Carrascosa, A.L.; Vinuela, E. The entry of African swine fever virus into vero cells. Virology 1989,

171, 68–75. [CrossRef]
27. Alcami, A.; Carrascosa, A.L.; Vinuela, E. Saturable binding sites mediate the entry of African swine fever

virus into vero cells. Virology 1989, 168, 393–398. [CrossRef]
28. Sanchez-Torres, C.; Gomez-Puertas, P.; Gomez-del-Moral, M.; Alonso, F.; Escribano, J.M.; Ezquerra, A.;

Dominguez, J. Expression of porcine cd163 on monocytes/macrophages correlates with permissiveness to
African swine fever infection. Arch. Virol. 2003, 148, 2307–2323. [CrossRef] [PubMed]

29. Popescu, L.; Gaudreault, N.N.; Whitworth, K.M.; Murgia, M.V.; Nietfeld, J.C.; Mileham, A.; Samuel, M.;
Wells, K.D.; Prather, R.S.; Rowland, R.R. Genetically edited pigs lacking cd163 show no resistance following
infection with the African swine fever virus isolate, georgia 2007/1. Virology 2017, 501, 102–106. [CrossRef]
[PubMed]

30. Galindo, I.; Cuesta-Geijo, M.A.; Hlavova, K.; Munoz-Moreno, R.; Barrado-Gil, L.; Dominguez, J.; Alonso, C.
African swine fever virus infects macrophages, the natural host cells, via clathrin and cholesterol-dependent
endocytosis. Virus Res. 2015, 200, 45–55. [CrossRef] [PubMed]

31. Hernaez, B.; Alonso, C. Dynamin and clathrin-dependent endocytosis in African swine fever virus entry.
J. Virol. 2010, 84, 2100–2109. [CrossRef] [PubMed]

32. Basta, S.; Gerber, H.; Schaub, A.; Summerfield, A.; McCullough, K.C. Cellular processes essential for African
swine fever virus to infect and replicate in primary macrophages. Vet. Microbiol. 2010, 140, 9–17. [CrossRef]
[PubMed]

33. Sanchez, E.G.; Quintas, A.; Perez-Nunez, D.; Nogal, M.; Barroso, S.; Carrascosa, A.L.; Revilla, Y. African
swine fever virus uses macropinocytosis to enter host cells. PLoS Pathog. 2012, 8, e1002754. [CrossRef]
[PubMed]

34. Hernaez, B.; Guerra, M.; Salas, M.L.; Andres, G. African swine fever virus undergoes outer envelope
disruption, capsid disassembly and inner envelope fusion before core release from multivesicular endosomes.
PLoS Pathog. 2016, 12, e1005595. [CrossRef] [PubMed]

35. Gomez-Puertas, P.; Rodriguez, F.; Oviedo, J.M.; Brun, A.; Alonso, C.; Escribano, J.M. The african swine fever
virus proteins p54 and p30 are involved in two distinct steps of virus attachment and both contribute to the
antibody-mediated protective immune response. Virology 1998, 243, 461–471. [CrossRef] [PubMed]

36. Angulo, A.; Vinuela, E.; Alcami, A. Comparison of the sequence of the gene encoding African swine fever
virus attachment protein p12 from field virus isolates and viruses passaged in tissue culture. J. Virol. 1992,
66, 3869–3872. [PubMed]

37. Angulo, A.; Vinuela, E.; Alcami, A. Inhibition of African swine fever virus binding and infectivity by purified
recombinant virus attachment protein p12. J. Virol. 1993, 67, 5463–5471. [PubMed]

38. Cuesta-Geijo, M.A.; Galindo, I.; Hernaez, B.; Quetglas, J.I.; Dalmau-Mena, I.; Alonso, C. Endosomal
maturation, Rab7 GTPase and phosphoinositides in African swine fever virus entry. PLoS ONE 2012,
7, e48853. [CrossRef] [PubMed]

39. Stenmark, H. Rab GTPases as coordinators of vesicle traffic. Nat. Rev. Mol. Cell Biol. 2009, 10, 513–525.
[CrossRef] [PubMed]

40. Lozach, P.Y.; Mancini, R.; Bitto, D.; Meier, R.; Oestereich, L.; Overby, A.K.; Pettersson, R.F.; Helenius, A. Entry
of bunyaviruses into mammalian cells. Cell Host Microbe 2010, 7, 488–499. [CrossRef] [PubMed]

41. Pasqual, G.; Rojek, J.M.; Masin, M.; Chatton, J.Y.; Kunz, S. Old world arenaviruses enter the host cell via the
multivesicular body and depend on the endosomal sorting complex required for transport. PLoS Pathog.
2011, 7, e1002232. [CrossRef]

42. Cuesta-Geijo, M.A.; Chiappi, M.; Galindo, I.; Barrado-Gil, L.; Munoz-Moreno, R.; Carrascosa, J.L.; Alonso, C.
Cholesterol flux is required for endosomal progression of african swine fever virions during the initial
establishment of infection. J. Virol. 2015, 90, 1534–1543. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/0168-1702(85)90431-9
http://dx.doi.org/10.1111/j.1768-322X.1985.tb00407.x
http://www.ncbi.nlm.nih.gov/pubmed/2937495
http://dx.doi.org/10.1016/0168-1702(90)90071-I
http://dx.doi.org/10.1016/0042-6822(89)90511-4
http://dx.doi.org/10.1016/0042-6822(89)90281-X
http://dx.doi.org/10.1007/s00705-003-0188-4
http://www.ncbi.nlm.nih.gov/pubmed/14648288
http://dx.doi.org/10.1016/j.virol.2016.11.012
http://www.ncbi.nlm.nih.gov/pubmed/27898335
http://dx.doi.org/10.1016/j.virusres.2015.01.022
http://www.ncbi.nlm.nih.gov/pubmed/25662020
http://dx.doi.org/10.1128/JVI.01557-09
http://www.ncbi.nlm.nih.gov/pubmed/19939916
http://dx.doi.org/10.1016/j.vetmic.2009.07.015
http://www.ncbi.nlm.nih.gov/pubmed/19632793
http://dx.doi.org/10.1371/journal.ppat.1002754
http://www.ncbi.nlm.nih.gov/pubmed/22719252
http://dx.doi.org/10.1371/journal.ppat.1005595
http://www.ncbi.nlm.nih.gov/pubmed/27110717
http://dx.doi.org/10.1006/viro.1998.9068
http://www.ncbi.nlm.nih.gov/pubmed/9568043
http://www.ncbi.nlm.nih.gov/pubmed/1583733
http://www.ncbi.nlm.nih.gov/pubmed/8350406
http://dx.doi.org/10.1371/journal.pone.0048853
http://www.ncbi.nlm.nih.gov/pubmed/23133661
http://dx.doi.org/10.1038/nrm2728
http://www.ncbi.nlm.nih.gov/pubmed/19603039
http://dx.doi.org/10.1016/j.chom.2010.05.007
http://www.ncbi.nlm.nih.gov/pubmed/20542252
http://dx.doi.org/10.1371/annotation/952387a7-96a0-44f6-98a6-2d7c7b472b0a
http://dx.doi.org/10.1128/JVI.02694-15
http://www.ncbi.nlm.nih.gov/pubmed/26608317


Viruses 2017, 9, 103 9 of 10

43. Alonso, C.; Miskin, J.; Hernaez, B.; Fernandez-Zapatero, P.; Soto, L.; Canto, C.; Rodriguez-Crespo, I.; Dixon, L.;
Escribano, J.M. African swine fever virus protein p54 interacts with the microtubular motor complex through
direct binding to light-chain dynein. J. Virol. 2001, 75, 9819–9827. [CrossRef] [PubMed]

44. Rodriguez, J.M.; Salas, M.L. African swine fever virus transcription. Virus Res. 2013, 173, 15–28. [CrossRef]
[PubMed]

45. Hernaez, B.; Escribano, J.M.; Alonso, C. Visualization of the African swine fever virus infection in living cells
by incorporation into the virus particle of green fluorescent protein-p54 membrane protein chimera. Virology
2006, 350, 1–14. [CrossRef] [PubMed]

46. Quetglas, J.I.; Hernaez, B.; Galindo, I.; Munoz-Moreno, R.; Cuesta-Geijo, M.A.; Alonso, C. Small Rho GTPases
and cholesterol biosynthetic pathway intermediates in African swine fever virus infection. J. Virol. 2012, 86,
1758–1767. [CrossRef] [PubMed]

47. Carvalho, Z.G.; de Matos, A.P.; Rodrigues-Pousada, C. Association of African swine fever virus with the
cytoskeleton. Virus Res. 1988, 11, 175–192. [CrossRef]

48. De Matos, A.P.; Carvalho, Z.G. African swine fever virus interaction with microtubules. Biol. Cell 1993, 78,
229–234. [CrossRef]

49. Heath, C.M.; Windsor, M.; Wileman, T. Aggresomes resemble sites specialized for virus assembly. J. Cell Biol.
2001, 153, 449–455. [CrossRef] [PubMed]

50. Stefanovic, S.; Windsor, M.; Nagata, K.I.; Inagaki, M.; Wileman, T. Vimentin rearrangement during African
swine fever virus infection involves retrograde transport along microtubules and phosphorylation of
vimentin by calcium calmodulin kinase II. J. Virol. 2005, 79, 11766–11775. [CrossRef] [PubMed]

51. Munoz-Moreno, R.; Barrado-Gil, L.; Galindo, I.; Alonso, C. Analysis of HDAC6 and BAG3-aggresome
pathways in African swine fever viral factory formation. Viruses 2015, 7, 1823–1831. [CrossRef] [PubMed]

52. Galindo, I.; Hernaez, B.; Munoz-Moreno, R.; Cuesta-Geijo, M.A.; Dalmau-Mena, I.; Alonso, C. The ATF6
branch of unfolded protein response and apoptosis are activated to promote African swine fever virus
infection. Cell Death Dis. 2012, 3, e341. [CrossRef] [PubMed]

53. Netherton, C.L.; Parsley, J.C.; Wileman, T. African swine fever virus inhibits induction of the stress-induced
proapoptotic transcription factor CHOP/GADD153. J. Virol. 2004, 78, 10825–10828. [CrossRef] [PubMed]

54. Zhang, F.; Moon, A.; Childs, K.; Goodbourn, S.; Dixon, L.K. The African swine fever virus DP71L protein
recruits the protein phosphatase 1 catalytic subunit to dephosphorylate eIF2alpha and inhibits chop induction
but is dispensable for these activities during virus infection. J. Virol. 2010, 84, 10681–10689. [CrossRef]
[PubMed]

55. Rivera, J.; Abrams, C.; Hernaez, B.; Alcazar, A.; Escribano, J.M.; Dixon, L.; Alonso, C. The MyD116 African
swine fever virus homologue interacts with the catalytic subunit of protein phosphatase 1 and activates its
phosphatase activity. J. Virol. 2007, 81, 2923–2929. [CrossRef] [PubMed]

56. Benedict, C.A.; Norris, P.S.; Ware, C.F. To kill or be killed: Viral evasion of apoptosis. Nat. Immunol. 2002, 3,
1013–1018. [CrossRef] [PubMed]

57. Brun, A.; Rivas, C.; Esteban, M.; Escribano, J.M.; Alonso, C. African swine fever virus gene a179l, a viral
homologue of BCL-2, protects cells from programmed cell death. Virology 1996, 225, 227–230. [CrossRef]
[PubMed]

58. Galindo, I.; Hernaez, B.; Diaz-Gil, G.; Escribano, J.M.; Alonso, C. A179l, a viral BCL-2 homologue, targets the
core BCL-2 apoptotic machinery and its upstream BH3 activators with selective binding restrictions for bid
and noxa. Virology 2008, 375, 561–572. [CrossRef] [PubMed]

59. Chacon, M.R.; Almazan, F.; Nogal, M.L.; Vinuela, E.; Rodriguez, J.F. The African swine fever virus IAP
homolog is a late structural polypeptide. Virology 1995, 214, 670–674. [CrossRef] [PubMed]

60. Nogal, M.L.; Gonzalez de Buitrago, G.; Rodriguez, C.; Cubelos, B.; Carrascosa, A.L.; Salas, M.L.; Revilla, Y.
African swine fever virus IAP homologue inhibits caspase activation and promotes cell survival in
mammalian cells. J. Virol. 2001, 75, 2535–2543. [CrossRef] [PubMed]

61. Rodriguez, C.I.; Nogal, M.L.; Carrascosa, A.L.; Salas, M.L.; Fresno, M.; Revilla, Y. African swine fever virus
IAP-like protein induces the activation of nuclear factor kappa B. J. Virol. 2002, 76, 3936–3942. [CrossRef]
[PubMed]

62. Revilla, Y.; Callejo, M.; Rodriguez, J.M.; Culebras, E.; Nogal, M.L.; Salas, M.L.; Vinuela, E.; Fresno, M.
Inhibition of nuclear factor kappa b activation by a virus-encoded I kappa b-like protein. J. Biol. Chem. 1998,
273, 5405–5411. [CrossRef] [PubMed]

http://dx.doi.org/10.1128/JVI.75.20.9819-9827.2001
http://www.ncbi.nlm.nih.gov/pubmed/11559815
http://dx.doi.org/10.1016/j.virusres.2012.09.014
http://www.ncbi.nlm.nih.gov/pubmed/23041356
http://dx.doi.org/10.1016/j.virol.2006.01.021
http://www.ncbi.nlm.nih.gov/pubmed/16490226
http://dx.doi.org/10.1128/JVI.05666-11
http://www.ncbi.nlm.nih.gov/pubmed/22114329
http://dx.doi.org/10.1016/0168-1702(88)90042-1
http://dx.doi.org/10.1016/0248-4900(93)90134-Z
http://dx.doi.org/10.1083/jcb.153.3.449
http://www.ncbi.nlm.nih.gov/pubmed/11331297
http://dx.doi.org/10.1128/JVI.79.18.11766-11775.2005
http://www.ncbi.nlm.nih.gov/pubmed/16140754
http://dx.doi.org/10.3390/v7041823
http://www.ncbi.nlm.nih.gov/pubmed/25856634
http://dx.doi.org/10.1038/cddis.2012.81
http://www.ncbi.nlm.nih.gov/pubmed/22764100
http://dx.doi.org/10.1128/JVI.78.19.10825-10828.2004
http://www.ncbi.nlm.nih.gov/pubmed/15367650
http://dx.doi.org/10.1128/JVI.01027-10
http://www.ncbi.nlm.nih.gov/pubmed/20702639
http://dx.doi.org/10.1128/JVI.02077-06
http://www.ncbi.nlm.nih.gov/pubmed/17215279
http://dx.doi.org/10.1038/ni1102-1013
http://www.ncbi.nlm.nih.gov/pubmed/12407409
http://dx.doi.org/10.1006/viro.1996.0592
http://www.ncbi.nlm.nih.gov/pubmed/8918551
http://dx.doi.org/10.1016/j.virol.2008.01.050
http://www.ncbi.nlm.nih.gov/pubmed/18329683
http://dx.doi.org/10.1006/viro.1995.0083
http://www.ncbi.nlm.nih.gov/pubmed/8553574
http://dx.doi.org/10.1128/JVI.75.6.2535-2543.2001
http://www.ncbi.nlm.nih.gov/pubmed/11222676
http://dx.doi.org/10.1128/JVI.76.8.3936-3942.2002
http://www.ncbi.nlm.nih.gov/pubmed/11907233
http://dx.doi.org/10.1074/jbc.273.9.5405
http://www.ncbi.nlm.nih.gov/pubmed/9479002


Viruses 2017, 9, 103 10 of 10

63. Ramiro-Ibanez, F.; Ortega, A.; Brun, A.; Escribano, J.M.; Alonso, C. Apoptosis: A mechanism of cell killing
and lymphoid organ impairment during acute african swine fever virus infection. J. Gen. Virol. 1996, 77,
2209–2219. [CrossRef] [PubMed]

64. Orvedahl, A.; Alexander, D.; Talloczy, Z.; Sun, Q.; Wei, Y.; Zhang, W.; Burns, D.; Leib, D.A.; Levine, B. HSV-1
ICP34.5 confers neurovirulence by targeting the Beclin 1 autophagy protein. Cell Host Microbe 2007, 1, 23–35.
[CrossRef] [PubMed]

65. Hernaez, B.; Cabezas, M.; Munoz-Moreno, R.; Galindo, I.; Cuesta-Geijo, M.A.; Alonso, C. A179l, a new viral
Bcl2 homolog targeting Beclin 1 autophagy related protein. Curr. Mol. Med. 2013, 13, 305–316. [CrossRef]
[PubMed]

66. Klionsky, D.J. Guidelines for the use and interpretation of assays for monitoring autophagy (3rd edition).
Autophagy 2016, 12, 1–222. [CrossRef] [PubMed]

67. Jouvenet, N.; Monaghan, P.; Way, M.; Wileman, T. Transport of african swine fever virus from assembly
sites to the plasma membrane is dependent on microtubules and conventional kinesin. J. Virol. 2004, 78,
7990–8001. [CrossRef] [PubMed]

68. Andres, G.; Garcia-Escudero, R.; Vinuela, E.; Salas, M.L.; Rodriguez, J.M. African swine fever virus structural
protein pE120R is essential for virus transport from assembly sites to plasma membrane but not for infectivity.
J. Virol. 2001, 75, 6758–6768. [CrossRef] [PubMed]

69. O’Donnell, V.; Risatti, G.R.; Holinka, L.G.; Krug, P.W.; Carlson, J.; Velazquez-Salinas, L.; Azzinaro, P.A.;
Gladue, D.P.; Borca, M.V. Simultaneous deletion of the 9gl and uk genes from the African swine fever virus
georgia 2007 isolate offers increased safety and protection against homologous challenge. J. Virol. 2017, 91,
e01760-16.

70. Lacasta, A.; Ballester, M.; Monteagudo, P.L.; Rodriguez, J.M.; Salas, M.L.; Accensi, F.; Pina-Pedrero, S.;
Bensaid, A.; Argilaguet, J.; Lopez-Soria, S.; et al. Expression library immunization can confer protection
against lethal challenge with african swine fever virus. J. Virol. 2014, 88, 13322–13332. [CrossRef] [PubMed]

71. Reis, A.L.; Abrams, C.C.; Goatley, L.C.; Netherton, C.; Chapman, D.G.; Sanchez-Cordon, P.; Dixon, L.K.
Deletion of African swine fever virus interferon inhibitors from the genome of a virulent isolate reduces
virulence in domestic pigs and induces a protective response. Vaccine 2016, 34, 4698–4705. [CrossRef]
[PubMed]

72. Cubillos, C.; Gomez-Sebastian, S.; Moreno, N.; Nunez, M.C.; Mulumba-Mfumu, L.K.; Quembo, C.J.; Heath, L.;
Etter, E.M.; Jori, F.; Escribano, J.M.; et al. African swine fever virus serodiagnosis: A general review with a
focus on the analyses of african serum samples. Virus Res. 2013, 173, 159–167. [CrossRef] [PubMed]

73. Galindo, I.; Hernaez, B.; Berna, J.; Fenoll, J.; Cenis, J.L.; Escribano, J.M.; Alonso, C. Comparative inhibitory
activity of the stilbenes resveratrol and oxyresveratrol on african swine fever virus replication. Antivir. Res.
2011, 91, 57–63. [CrossRef] [PubMed]

74. Fabregas, J.; Garcia, D.; Fernandez-Alonso, M.; Rocha, A.I.; Gomez-Puertas, P.; Escribano, J.M.; Otero, A.;
Coll, J.M. In vitro inhibition of the replication of haemorrhagic septicaemia virus (VHSV) and African swine
fever virus (ASFV) by extracts from marine microalgae. Antivir. Res. 1999, 44, 67–73. [CrossRef]

75. Hurtado, C.; Bustos, M.J.; Sabina, P.; Nogal, M.L.; Granja, A.G.; Gonzalez, M.E.; Gonzalez-Porque, P.;
Revilla, Y.; Carrascosa, A.L. Antiviral activity of lauryl gallate against animal viruses. Antivir. Ther. 2008, 13,
909–917. [PubMed]

76. Mottola, C.; Freitas, F.B.; Simoes, M.; Martins, C.; Leitao, A.; Ferreira, F. In vitro antiviral activity of
fluoroquinolones against African swine fever virus. Vet. Microbiol. 2013, 165, 86–94. [CrossRef] [PubMed]

77. Hernaez, B.; Tarrago, T.; Giralt, E.; Escribano, J.M.; Alonso, C. Small peptide inhibitors disrupt a high-affinity
interaction between cytoplasmic dynein and a viral cargo protein. J. Virol. 2010, 84, 10792–10801. [CrossRef]
[PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1099/0022-1317-77-9-2209
http://www.ncbi.nlm.nih.gov/pubmed/8811021
http://dx.doi.org/10.1016/j.chom.2006.12.001
http://www.ncbi.nlm.nih.gov/pubmed/18005679
http://dx.doi.org/10.2174/156652413804810736
http://www.ncbi.nlm.nih.gov/pubmed/23228131
http://dx.doi.org/10.1080/15548627.2015.1100356
http://www.ncbi.nlm.nih.gov/pubmed/26799652
http://dx.doi.org/10.1128/JVI.78.15.7990-8001.2004
http://www.ncbi.nlm.nih.gov/pubmed/15254171
http://dx.doi.org/10.1128/JVI.75.15.6758-6768.2001
http://www.ncbi.nlm.nih.gov/pubmed/11435554
http://dx.doi.org/10.1128/JVI.01893-14
http://www.ncbi.nlm.nih.gov/pubmed/25210179
http://dx.doi.org/10.1016/j.vaccine.2016.08.011
http://www.ncbi.nlm.nih.gov/pubmed/27521231
http://dx.doi.org/10.1016/j.virusres.2012.10.021
http://www.ncbi.nlm.nih.gov/pubmed/23131491
http://dx.doi.org/10.1016/j.antiviral.2011.04.013
http://www.ncbi.nlm.nih.gov/pubmed/21557969
http://dx.doi.org/10.1016/S0166-3542(99)00049-2
http://www.ncbi.nlm.nih.gov/pubmed/19043925
http://dx.doi.org/10.1016/j.vetmic.2013.01.018
http://www.ncbi.nlm.nih.gov/pubmed/23415476
http://dx.doi.org/10.1128/JVI.01168-10
http://www.ncbi.nlm.nih.gov/pubmed/20686048
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	African Swine Fever Virus 
	Virion Structure 
	Viral Entry Mechanisms 
	ASFV Enters the Endosomal Pathway 
	ASFV Gene Expression and DNA Replication 
	Formation of the Viral Factory 
	ER Stress and Unfolded Protein Response 
	ASFV and Apoptosis 
	ASFV and Autophagy 
	ASFV Egress 
	Potential Vaccines and Antivirals 

