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Abstract

The evidences for protective immunity against African swine fever are symptomless infec-
tion in local populations of Phacochoerus africanus, Potamochoerus porcus, Hylochoerus spp. In Af-
rica and experimentally produced avirulent strains of African swine fever virus (ASFV), preventing
death in pigs inoculated with its virulent homolog. Serum or colostrum from convalescent animals
can delay clinical symptoms, decline viremia and increase the survivors’ rate (R.C. Knudsen et al.,
1987; D.H. Schlafer et al., 1984; D.V. Onisk et al., 1994). Humoral immune response is most proba-
bly due not to ASFV neutralization but the complement-mediated cytolysis (CMC) and antibody-
mediated cell cytotoxicity (AMCC) (V.V. Makarov, 2013). Cell-mediated defense mechanisms, lyses
of infected cells by N-killers and cytotoxic T-lymphocytes (CTL) lead to chronic or symptomless in-
fection (S.G. Norley et al., 1983, 1984). An in vivo depletion of CD8+ T-lymphocytes by mono-
clonal antibodies was shown to stop protective immunity in pigs pre-immunized with an attenuated
ASFYV strain under next inoculation with the virulent homolog (C.A.L. Oura et al., 2005). Induction
and defector activity of AMCC and CTL depend on the dose and biological features of ASFV strain
(A.D. Sereda, 2010). High AMCC since day 3 and activity of cell-mediated mechanisms of immu-
nity on day 6 after the ASFV inoculation provide a rapid decrease of the virus titers in blood, and,
consequently, the absence of clinical symptoms (A.D. Sereda et al., 1992). Humoral and cell-
dependent defense mechanisms act synergistically that must be taken into consideration when devel-
oping candidate recombinant vaccine against ASFV. ASFV candidate proteins involved in antigenic
properties which can induce protective mechanisms against ASF are nominated. In pigs immuniza-
tion with p54 and p30-32 combination caused a delay in appearance of ASF clinical symptoms after
the inoculation with virulent isolate (P. Gymez-Puertas et al., 1998). CD2v (or GP 110-140) is a
membrane protein of ASFV determining hemadsorption and identified as a serotype specific one
(J.M. Rodriguez et al., 1993; A.D. Sereda et al., 1992; A. Malogolovkin et al., 2014). Therefore it
should be considered crucial when constructing experimental protective facilities (H.H. Takamatsu
et al., 2013). Thus, the investigations conducted to date show both humoral and cell effector mecha-
nisms to be involved in defense against ASF.
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African swine fever (ASF) is a contagious septic viral disease of pigs,
characterized by fever, toxicity signs, hemorrhagic diathesis and high mortality.
In acute, the most common form of infection, 100 % animals die within 5-10
days after the clinical signs occur. However, a number of ASF virus isolates (Af-
rican swine fever virus, ASFV; Asfarviridae) highly pathogenic for domestic pigs
do not cause mortality in giant forest hogs (Hylochoerus spp.), red river hogs
(Potamochoerus porcus JE Gray, 1821), bushpigs (Potamochoerus larvatus F. Cu-
vier, 1822) or common warthogs (Phacochoerus africanus Gmelin, 1788) in Af-
rica. A variety of virus isolates, strains, variants and clones, which do not cause
death in domestic pigs, and are able to generate protection against subsequent
infection with homologous though not heterologous virulent isolates have been



isolated in nature and in vitro by attenuation in cell cultures or directional
changes of the viral genome [1-4].

Russian scientists have experimentally substantiated the classification of
ASF virus isolates by their seroimmunotypes, and obtained live-culture vaccines
from attenuated strains for temporary protection of pigs against ASF seroimmu-
notypes I-IV [5-7]. All this gives evidence of the development of immune pro-
tection against ASFV in animals.

Investigations in the ASF immunology includ the functional status of the
immune system organs and cells at various forms of the disease, the immuno-
modulatory effect of the virus on macroorganism and immune competent cells,
serologic and immune plurality of the pathogen, search for protective proteins,
etc. [5, 7].

The objective of the present review is to discuss the role of humoral and
cell-mediated immune mechanisms in the development of protection against Af-
rican swine fever.

Humoral immunity. Antibodies are considered as a necessary
component of protective immunity in ASF. Administration of serum or colos-
trum from convalescent pigs to intact ones may delay the disease clinical mani-
festation, reduce viremia and increase the percentage of survivors in case of sub-
sequent infection with a virulent isolate of ASFV [8, 9]. In particular, passive
transfer of convalescent serum has protected 85 % of the pigs from subsequent in-
fection with the homologous isolate E75, with a 100 % mortality rate in the con-
trol animals injected with immunoglobulins from an intact animal [10]. However,
the mechanisms underlying humoral immunity in ASF remain debatable for a
long time.

Virus-neutralising antibodies. Antibodies neutralising ASFV
were first discovered in vitro by J. Parker and W. Plowright in 1968 [11]. Vari-
ous experiments conducted by different research groups in the 1980s allowed to
conclude that the virus did not induce such antibodies [12, 13]. However, since
the 1990s, more and more support was given to the hypothesis about the impor-
tance of neutralizing antibodies in the protection against ASF, which was re-
flected in a comprehensive review by J.M. Escribano et al. [14].

They demonstrated that serum from a convalescent pig inoculated with the
attenuated strain E75CV1-4 was able to neutralize 86-97 % infectivity of virulent
isolates in the Vero cells cultures and porcine macrophages, and not only of the
original isolate E75, but also of E70, Lisbon 60, Malawi Lil 20/1, and E75CV/V3
(a low-passage E75 virus). Unexpectedly, such immune blood serum was unable to
neutralize the high passage ASFV (Lisbon 60, Haiti, Dominican Republic I, Do-
minican Republic II, Brazil II). Similar results were obtained with monoclonal an-
tibodies to P72. The authors suggested that the virus adaptation during passaging
in cell culture led to the loss of specific determinants involved in its neutralization.
However, later it was reported that the observed differences were not related to the
antigenic structure of the virus but caused by changes in the phospholipid compo-
sition of cell membranes [14-16].

Investigation of blood serum from convalescent animals showed that the
ASFV p72, p30 and P54 proteins had the highest potential of antigenicity and
immunogenicity in infection. Swine serum against a recombinant protein ob-
tained by expression of a construct comprising genes p72 (capsid protein), p30
and p54 (inner envelope proteins) neutralized 70 % infectivity of ASFV. Anti-
p72 and anti-p54 antibodies inhibited the attachment of virions to cells, while
anti-p30 antibodies suppressed the penetration of the virus into the cells [17-19].
Interestingly, the antiserum against the recombinant envelope attachment pro-
tein p12 did not reduce the infectivity of ASFV in vitro [16]. Immunization of



pigs with a combination of p54 and p30-32 viral proteins postponed the onset of
clinical manifestation of the disease in animals infected with virulent isolate [20-
22].

Russian researchers have not validated experimentally a neutralizing ac-
tivity against ASFV. By titration of the ASFV F-32 strain after its incubation
with antibodies from convalescent animals and a complement no neutralizing ef-
fect was showed, including that of a complement-dependent virolysis [23]. Elec-
tron microscopy data show that the virion—antibody immune complex freely en-
ters sensitive cells. According to V.V. Makarov [24], the specificity of macro-
phages, the target cells for ASFV, is primarily due to phagocytic activity, so ini-
tially no receptor mechanisms are needed for virus interaction with a cell. Fur-
thermore, the ASFV size makes it the subject to phagocytosis competence, and
opsonization of the virions as a result of the formation of immune complexes on
their surfaces inevitably promotes their penetration and disintegration via
opsonin-mediated activation of phagocytosis [23, 24]. In line with this findings is
the data on pigs’ experimental immunization with a pool of virus-specific glyco-
proteins purified by affinity chromatography. Despite the presence of high titers
of serum antibodies to a wide variety of the ASFV glycoproteins, confirmed by
immunoblotting, which were actually comparable to those in pigs recovered after
ASF, the animals infected with a homologous virulent strain died 2-3 days ear-
lier than non-immunized controls (A.D. Sereda, unpublished data)

Antibody-dependent cellular citotoxicity. Some phenom-
ena, especially those observed in vivo, which had been previously explained by
virus neutralization, possessed a different interpretation when the antibody-
mediated cytolysis of ASFV-infected monocytes and macrophages was observed
in cell-dependant citolysis CDC and ADCC reactions [25-27]. ADCC was re-
corded on day 3-6 after the pigs inoculation with the attenuated strain FK-135
in a dose of 108 HAUs, or a moderately virulent strain FNG in a dose of 103
TCDsj. As antibodies to 14, 30, 38, 69 and 95 kDa polypeptides were identified
in blood serum of animals by radioimmunoprecipitation within the same time, it
may be suggested that they (or some of them) do mediate the observed cytotox-
icity [27]. N.G. Shubina et al. [28] reported that immunisation of pigs with pu-
rified p14, p25, p28, p31, p38 and p73 proteins induced lysis in the cells infected
with ASFV via CDC and ADCC mechanisms.

Cell-mediated immunity. There is evidence indicating an im-
portant role of cell-mediated immune mechanisms for pig survival under ASFV
infection, in particular, modification of N-killer activity and induction of cyto-
toxic T-lymphocytes (CTL) have been shown [29, 30].

Natural killer-cells. The role of N-killers (NK) in the protection against
ASF has been shown in studies using pigs inoculated with the avirulent isolate
NHYV, when two forms of infection, asymptomatic and chronic, were observed.
In acute and subacute forms of ASF, the activity of N-killers decreased on days
3 to 6 after the infection and further approached to normal level in the survivors.
No changes were observed in N-Kkiller activity both in pigs with chronic ASF
and intact animals, though viremia and fever as well as a high titer of virus-
specific antibodies were recorded 14 days after infection. In asymptomatic infec-
tion the viremia was rarely seen in the late stages of infection, the concentration
of specific anti-ASFV antibodies was relatively low, though the activity of N-
killers became very high. Such animals were clinically asymptomatic after infec-
tion with a virulent strain L60 [31). The results obtained suggest an important
role of N-killers in resistance of pigs to ASFV infection.

Cytotoxic T-lymphocytes. The role of CTL in providing virus-specific
protection in the early stages after ASFV infection was first demonstrated in the



mid-1980s [30, 32, 33]. It was shown that only the purified CD8+ T-cells, but
not purified CD4+ lymphocytes possessed killer activity, and that function was
blocked by anti-CD8+ antibodies.

The ASFV-specific activity of CTL was investigated in inbred minipigs
with different types of the swine major histocompatibility complex or SLA
(Swine leukocyte antigens) [34]. The animals were experimentally inoculated
with the avirulent ASFV isolate NHV. Secondary CTL were activated by in vitro
re-stimulation of effector T-lymphocytes in blood leukocyte cell culture infected
with low doses of a homologous virus isolate at infection multiplicity of 0.1 for
48 to 72 hours. The CTL activity was found to be limited by the presence and
functional activity of SLA class I: first, inhibition of the target cell antigens by
monoclonal antibodies against SLA Class I resulted in a significant reduction in
CTL activity; second, the preferred lysis of ASFV-infected target cells with SLA
Class I was observed; thirdly, the destruction of CDS8+ effector cells by specific
monoclonal antibodies and complement led to a decrease in CTL activity. Lysis
of macrophages by cytotoxic T lymphocytes was higher if macrophages were in-
fected with a homologous virulent isolate L60 compared to the infection with
heterologous isolates DR-II and Tengani [34], being the evidence of the CTL
immune specificity.

The crucial role of virus-specific CTLs in the defense against ASF was
confirmed by the protective immunity abrogation under the in vivo depletion of
CD8+ T-lymphocyte pool by monoclonal antibodies [35]. In the pigs, inocu-
lated with the attenuated strain OUR/T88/3 and administered with monoclonal
antibodies against CD8+ T-lymphocytes (for 5-6 days in a month after im-
munization), the protection against subsequent infection with a virulent strain
OUR/T88/1 were lost, and viremia and fever developed.

Note, the primary CTL detection methodologically depends on the dose
and biological properties of the ASFV strains. This fact was clearly shown by
A.D. Sereda [36] under the limitation on SLA Class I which was achieved when
A-cells culture of peripheral blood leukocytes from a pig before virus inoculation
(day 0) were used as target cells, and the autologous peripheral blood lympho-
cytes taken on days 1-12 after ASFV inoculation were the effector cells [37]. On
days 6-8 in pigs infected with attenuated strain FK-135, the specific cytolysis of
A-cells in the presence of effector cells reached 20 % at a dose of 1085 HAU s
and decreased to 5 % at 106 HAUs, and 0 % at 103 HAUj, doses. However, the
cell-mediated cytolysis of target cells infected with strains F-32 and FK-135 was
not induced in pigs inoculated with virulent strain F-32 in the above doses [36].
This fact apparently indicates that in the strain F-32 the immunodominant epi-
topes of a target protein are somehow masked. The problem of antigen presenta-
tion seems to be manifested not only at the effector response level, but also in
the course of recognition by T helpers. In splenocytes of a pig, which was inocu-
lated with strain FK-135, the interleukin-2 (IL-2) production in the presence of
A-cells infected with the strain FK-135 was the same as mitogen-induced pro-
duction. In the presence of A-cells infected with a moderately virulent strain
FNG, the IL-2 production was 2.5 times lower, while with the strain O-32 it
was 6-7 times lower. Note, in the presence of autologous A-cells infected with a
immunotypically heterologous strain Mozambique-78 no IL-2 production was
found in splenocytes of a pig inoculated with the strain FK-135.

The synergy of protective immune mechanisms. Based on the duration of
the incubation period and the timing of animal deaths from ASF, it may be sug-
gested that the disease outcome is determined by the dynamics of the humoral
and cell-mediated defense mechanisms in the first few days after infection. This
hypothesis was experimentally confirmed in the models using homologous ASFV



strains of unequal virulence, i.e. F-32 (virulent), FK-135 (avirulent) and FNG
(moderately virulent) [36]. In pigs inoculated with FK-135 at a dose of 108
HAUj5,, the CTL-mediated and NK-dependent cytolysis of the autologous A-
cells infected with strain FK-135 and sampled on day 0, peaked on day 6,
whereas in pigs infected with strain F-32 at a dose of 103 HAUs, or FNG at 103
TCDsq dose, the virus-specific cell-mediated cytolysis (CMC) was not found. In
ADCC, the antibodies were identified only starting from day 3 after the animals’
inoculation with FK-135 and FNG. In animals infected with the strain F-32,
the ADCC activity of antibodies was found only the day before death, i.e. on
day 6. Thus, under infection with strain F-32, CMC and ADCC were not re-
corded for 3 to 6 days after inoculation, and these pigs died on day 8. Lack of
CMC on day 6 after FNG inoculation, combined with the presence of ADCC
starting from the day 3, resulted in the development of ASFV chronic infection.
High titers of ADCC 3 days after the FK-135 inoculation and CMC on day 6
ensured rapid reduction of the virus concentration in blood on days 3-6, and,
consequently, no clinical symptoms were noted.

The role of humoral and cell-mediated mechanisms in the protection
against ASF was shown in studies of the cytotoxicity parameters in pigs inocu-
lated with the attenuated strain FK-135 at 103 to 1085 HAUs,. Animals were
divided into two groups based on ADCC and CMC values measured on day 3
and day 6, respectively. ADCC was 10 % to 20 % and CMC was 3 % to 10 %
in the first group, and ADCC was 0 % to 10 % and CMC was about 0 % in
the second group. After intramuscular challenge with a virulent strain F-32 at
103 HAUs, the animals in first group remained clinically healthy on day 7,
while the second group suffered from infection with fever for 2-3 days [38].

The cultures of swine peripheral blood leukocytes can be used for in vi-
tro study of immunological processes, which take place in vivo over the specified
time period. It is quite easy to divide the leukocyte culture into three compo-
nents, i.e. glass-adherent target cells (macrophages, A-cells), non-adherent pel-
leted effector cells (CTLs + N-killers), and the culture medium with blood anti-
bodies remaining in the supernatant. The final effects of antibody-mediated
(CMC plus ADCC) and cell-mediated (CTLs plus N-killers) immune mecha-
nisms in limiting reproduction of the ASFV strain F-32 were found out in the
autologous model systems, when the cell cultures derived from peripheral blood
leukocytes of the same pig sampled before and 6 days after the animal immuni-
zation with the attenuated ASFV strain FK-135 at 107> HAUs, were used [39].
In case of lymphocytes and serum sampled after immunization, the ASFV ac-
cumulation in the cultures was reduced by 2.00-2.50 lg HAU5y/cm? compared to
the control with lymphocytes and serum from an intact pig. In the presence of
Ilymphocytes from an immunized animal and the serum from an intact one,
ASFV accumulation decreased by 0.67-0.83 lg HAUjs,/cm3. Finally, in the pres-
ence of lymphocytes from an intact pig and antibodies from an immunized pig,
it decreased by 1.34-1.83 lIg HAUs5p/cm3. Therefore, on day 6, the antibody-
mediated defense mechanisms were superior to cell-mediated ones in restricting
ASFV reproduction [39]. Based on the results obtained, both mechanisms act
synergistically, which is of key importance to be taken into account when devel-
oping recombinant protective agents against the ASFV. Besides, the effector
mechanisms can possibly act against various epitopes in different virus-specific
proteins.

The protective function of antibodies in ASF is due to the ADCC and
CDC mechanisms. Assuming that pools of T- and B-lymphocytes induced by
ASFYV are accumulating at the same rate, the effect of B-lymphocytes should be



prompt as each such cell produces large amount of antibodies that can be used
by N-killers to attack infected target cells. It has been experimentally confirmed
that ADCC can be detected 3 days after infection, while primary CTLs are re-
corded on days 6-8. However, CTL induction must be considered as critical for
effective control of viral replication [40, 41].

It appears that the virus-specific protection against ASF is provided via a
set of proteins that induce the two types of immune response mechanisms, how-
ever, investigation of the structural and functional organization of ASFV proteins
does not suggest a clear understanding which ones can be considered as relevant
antigens. Based on the localization of virus-induced proteins in the virion enve-
lope and the plasma membrane of infected cells, and taking into account the
dynamics of antibodies to specific viral proteins, and the effect of pig immuniza-
tion with various recombinant constructs, there are at least several candidate
proteins, e.g. p30, p54 and CD2v [42, 43]. The latter determines haemadsorbing
properties, promotes ASFV dissemination in the pig body, is expressed as a gly-
coprotein with a molecular weight of about 105 kDa, and possesses the immu-
nomodulating properties [44-48]. We believe that the protein CD2v corresponds
to a major glycoprotein with a molecular weight of 110-140 kDa (GP 110-140)
found in the plasma membrane of infected bone marrow A-cells of pigs. Unlike
other ASFV proteins, the glycoprotein GP 110-140 is serologically specific [49-
51]. In view of the found out serological immune specificity in the protection
against ASF, the crucial role of CD2v (GP 110-140) in the development of pro-
tective immunity appears to be very likely.

Thus, the studies available to date suggest the participation of humoral
and cellular immune mechanisms in developing protection against African swine
fever (ASF). Despite the experimental evidence for partial neutralization of the
ASF virus (ASFV) in vitro, it should be recognized that the opposite point of
view, according to which the development of the complex of antibodies with the
virion leads to opsonized phagocytosis and, as a result, to the increased likeli-
hood of monocyte/macrophage infection through a «Trojan horse» mechanism,
seems to be more reasonable, especially in vivo. Most likely, the humoral com-
ponent of immune system does not occur via neutralizing ASFV, but with the
participation of complement-dependent cytolysis (CDC) and antibody-dependent
cellular cytotoxicity (ADCC). Induction of CTL is also critically important for
effective control of the viral replication. Activation of the cell-mediated defense
mechanisms, lysis of infected cells by natural killers (N-killer cells) and cyto-
toxic T lymphocytes (CTL) ensure the survival of the pigs or asymptomatic in-
fections. The induction of CTLs depends on the dose and biological properties
of ASFV strains. The humoral and cell-mediated protective mechanisms act syn-
ergistically, which is of key importance to be taken into account when develop-
ing recombinant vaccines against ASF. CD2v (or GP 110-140) is a membrane
protein of ASFV, which determines the haemadsorption and is serotype-specific.
Therefore, it must be critical in designing protective anti-ASF agents.

REFERENCES

1. Malmquist W.A. Serologic and immunologic studies with African swine fever virus. Am. J.
Vet. Res., 1963, 24: 450-459.

2. Ruiz-Gonzalvo F., Carnero M.E, Bruyel V. Immunological responses of pigs to
partially attenuated African swine fever virus and their resistance to virulent homologous and
heterologous viruses. Proc. of EUR 8466 EN: CEC/FAO <African swine fever». P.J. Wilkinson
(ed.). Sardinia, 1983: 2066-2216.

3. King K., Chapman D.,Argilaguet JM,, Fishbourne E., Hutet E, Cario-
let R, Hutchings G.,, Oura CA., Netherton C.L, Moffat K., Taylor G,



16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

Le Potier M.F,, Dixon LK. Takamatsu H.H. Protection of European domestic
pigs from virulent African isolates of African swine fever virus by experimental immunization.
Vaccine, 2011, 29: 4593-4600 (doi: 10.1016/j.vaccine.2011.04.052).

Mutowembwal P, Souto R, van Heerden J.H. Vaccination of domestic pigs
with a naturally attenuated strain of African swine fever virus. Proc. of the 9" Annual Congress
of the Southern African Society for Veterinary Epidemiology and Preventive Medicine (18-20
August 2010). Farm Inn, Republic of South Africa, 2010: 126-128.

Sereda A.D., Balyshev V.M. Voprosy virusologii, 2011, 4: 38-42.

Malogolovkin A, Burmakina G., Titov I, Sereda A, Gogin A, Ba-
ryshnikova E., Kolbasov D. Comparative analysis of African swine fever virus genotypes
and serogroups. Emerging Infectious Diseases, 2015, 21(2): 312-315 (doi: 10.3201/eid2102.140649).
Kolbasov D.V.,, Balyshev V.M., Sereda A.D. Veterinariya, 2014, 8: 3-8.

Knudsen RC., Genovesi EV.,, Whyard T.C. In vitro immune serum-mediated pro-
tection of pig monocytes against African swine fever virus. Am. J. Vet. Res., 1987, 48: 1067-1071.
Schlafer D.H., McVicar JW., Mebus C.A. African swine fever convalescent sows:
Subsequent pregnancy and the effect of colostral antibody on challenge inoculation of their pigs.
Am. J. Vet. Res., 1984, 45: 1361-1366.

Onisk D.V,, Borca M.V,, Kutish G.,, Kramer E., Irusta P., Rock D.L. Pas-
sively transferred African swine fever virus antibodies protect swine against lethal infection. Vi-
rology, 1994, 198(1): 350-354 (doi: 10.1006/viro.1994.1040).

Parker J.,, Plowright W. Plaque formation by African swine fever virus. Nature, 1968,
219(5153): 524-525 (doi: 10.1038/219524a0).

Hess W.R. African swine fever: a reassessment. Adv. Vet. Sci. Compar. Med., 1981, 25: 39-69.
Vifiuela E. African swine fever virus. Curr. Top. Microbiol. Immunology, 1985, 116: 151-170.
Escribano JM, Galindo I, Alonso C. Antibody-mediated neutralization of
African swine fever virus: myths and facts. Virus Res., 2013, 173: 101-109 (doi:
10.1016/j.virusres.2012.10.012).

Zsak L., Onisk DV, Afonso C.L., Rock D.L. Virulent African swine fever virus
isolates are neutralized by swine immune serum and by monoclonal antibodies recognising a 72-
kDa viral protein. Virology, 1993, 196: 596-602 (doi: 10.1006/viro.1993.1515).
Gomez-Puertas P, Rodriguez F.,, Oviedo JM.,, Ramiro-Ibanez F.,
Ruiz-Gonzalvo F.,Alonso C., Escribano J.M. Neutralizing antibodies to dif-
ferent proteins of African swine fever virus inhibit both virus attachment and internalization. J.
Virol., 1996, 70(8): 5689-5694.

Afonso C.L, Alcaraz C., Brun A, Sussman M.D. Onisk D.V.,, Escri-
bano J.M., Rock D.L. Characterization of p30, a highly antigenic membrane and secreted
protein of African swine fever virus. Virology, 1992, 189(1): 368-373 (doi: 10.1016/0042-
6822(92)90718-5).

Alcaraz C.,, Rodriguez F., Oviedo JM., Eiras A, De Diego M,
Alonso C., Escribano J.M. Highly specific confirmatory western blot test for African
swine fever virus antibody detection using the recombinant virus protein p54. J. Virol. Meth.,
1995, 52(1-2): 111-119 (doi: 10.1016/0166-0934(94)00150-F).

Rodriguez F.,Ley V., Gomez-Puertas P, Garcia R, Rodriguez J.F.,
Escribano J.M. The structural protein p54 is essential for African swine fever virus viabil-
ity. Virus Res., 1996, 40(2): 161-167 (doi: 10.1016/0168-1702(95)01268-0).
Gomez-Puertas P.,, Rodriguez F., Oviedo JM. 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 im-
mune response. Virology, 1998, 243(2): 461-471.

Barderas M.G.,, Rodriguez F.,, Gomez-Puertas P, Aviles M., Beitia F.,
Alonso C., Escribano J.M. Antigenic and immunogenic properties of a chimera of two
immunodominant African swine fever virus proteins. Arch. Virol., 2001, 146: 1681-1691 (doi:
10.1007/s007050170056).

Neilan J.G.,, Zsak L, Lu Z.,, Burrage T.G., Kutish G.F., Rock D.L. Neutraliz-
ing antibodies to African swine fever virus proteins p30, p54, and p72 are not sufficient for anti-
body-mediated protection. Virology, 2004, 319: 337-342 (doi: 10.1016/j.virol.2003.11.011).
Makarov V.V, Malakhova M.S., Vlasov N.A. Doklady VASKHNIL, 1991, 12: 27-31.
Makarov V.V. Veterinarnaya praktika, 2013, 3(62): 7-22.

Norley S.G.,, Wardley R.C. Complement-mediated lysis of African swine fever virus-
infected cells. Immunology, 1982, 46: 75-81.

Norley S.G., Wardley R.C. Effector mechanisms in the pig. Antibody-dependent cellular
cytolysis of African swine fever virus infected cells. Res. Vet. Sci., 1983, 35: 75-79.

Sereda A.D., Solovkin S.L, Fugina L.G., Makarov V.V. Voprosy virusologii,
1992, 3: 168-170.

Shubina N.G.,, Kolontsov AA.,, Peskovatskov A.A,, Ustin AV., Makarov V.V.
Doklady RASKHN, 1993, 5: 44.

Norley S.G.,, Wardley R.C. Investigation of porcine natural-killer cell activity with ref-



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.
50.
51

erence to African swine fever virus infection. Immunology, 1983, 49: 593-597.

Norley S.G, Wardley R.C. Cytotoxic lymphocytes induced by African swine fever in-
fection. Res. Vet. Sci., 1984, 37: 255-257.

Leitro A, Cartaxeiro C.,Coelho R.,Cruz B, Parkhouse RM., Por-
tugal F., Vigario J.D.,, Martins C.L. The non-haemadsorbing African swine fever
virus isolate ASFV/NH/P68 provides a model for defining the protective anti-virus immune re-
sponse. J. Gen. Virol., 2001, 82(3): 513-523 (doi: 10.1099/0022-1317-82-3-513).

Wardley RC., Norley S.G, Martins C.V.,, Lawman M.J.P. The host response
to African swine fever virus. Progres en Virologie Medicale, 1987, 34: 180-192.

Alonso F., Dominguez J., Vifiuela E., Revilla Y. African swine fever virus-
specific cytotoxic T lymphocytes recognize the 32 kDa immediate early protein (vp32). Virus
Res., 1997, 49: 123-130 (doi: 10.1016/S0168-1702(97)01459-7).

Martins CLV,Lawman MJ.P.,, Scholl T., Mebus CA.,, Lunney J.K. Afri-
can swine fever virus specific porcine cytotoxic T cell activity. Arch. Virol, 1993, 129(1-4):
211-225 (doi: 10.1007/BF01316896).

Oura CAL,Denyer MS., Takamatsu H.,, Parkhouse R.M.E. In vivo deple-
tion of CD8+ T lymphocytes abrogates protective immunity to African swine fever virus. J.
Gen. Virol., 2005, 86: 2445-2450 (doi: 10.1099/vir.0.81038-0).

Sereda AD., Solovkin S.L., Senechkina EK. Makarov V.V. Selskok-
hozyaistvennaya biologiya | Agricultural Biology|, 1994, 6: 112-115.

Sereda A.D. Nauchnyi zhurnal KubGAU (Krasnodar) (IT-resource), 2010, 62(08): 1-9
(http://ej.ku-bagro.ru/2010/08 /pdf/24.pdf).

Makarov V.V., Vishnyakov LLF., Kolomytsev AA. Sereda A.D. Byulleten'
eksperimental'noi biologii i meditsiny, 1995, 12: 599-602.

Sereda A.D. Sel'skokhozyaistvennaya biologiya |Agricultural Biologyl, 2013, 4. 59-64 (doi:
10.15389/agrobioogy.2013.4.59rus, 10.15389/agrobiology.2013.4.59eng).

Makarov V.V. Afrikanskaya chuma svinei [African swine fever]. Moscow, 2011.
Takamatsu H.H.,, Denyer M.S., Lacasta A, Stirling CM., Argilaguet J.M.,
Netherton C.L., Oura CA,Martins C., Rodriguez F. Cellular immunity in
ASFYV responses. Virus Res., 2013, 173(1): 110-121 (doi: 10.1016/j.virusres.2012.11.009).
Argilaguet JM., Perez-Martin E., Gallardo C.,, Salguero FJ., Borre-
go B.,, Lacasta A, Accensi F., Diaz I, Nofrarias M., Pujols J.,, Blanco E.,
Perez-Filgueira M., Escribano J.M., Rodriguez F. Enhancing DNA immunization
by targeting ASFV antigens to SLA-II bearing cells. Vaccine, 2011, 29: 5379-5385 (doi:
10.1016/j.vaccine.2011.05.084).

Argilaguet JM,, Pérez-Martin E., Nofrarias M., Gallardo C., Ac-
censi F., Lacasta A, Mora M, Ballester M., Galindo-Cardiel I,
Lypez-Soria S.,, Escribano JJM,, Reche PA., Rodriguez F. DNA vacci-
nation partially protects against African swine fever virus lethal challenge in the absence of anti-
bodies. PLoS ONE, 2012, 7(9): 940-942 (doi: 10.1371/journal.pone.0040942).

Borca M.V, Kutish G.F.,, Afonso C.L., Irusta P.,, Carrillo C., Brun A.,
Sussman M., Rock D.L. An African swine fever virus gene with similarity to the T-
lymphocyte surface antigen CD2 mediates hemadsorption. Virology, 1994, 199(2): 463-468 (doi:
10.1006/viro.1994.1146).

Rodriguez JM., Yanez RJ.,, Almazan F.,Vinuela E., Rodriguez J.F. Af-
rican swine fever virus encodes a CD2 homolog responsible for the adhesion of erythrocytes to
infected cells. Journal of Virology, 1993, 67(9): 5312-5320.

Kay-Jackson P.C, Goatley L.C, Cox L., Miskin J.E., Parkhouse RM.E.,
Wienands J., Dixon L.K. The CD2v protein of African swine fever virus interacts
with the actin-binding adaptor protein SH3P7. J. Gen. Virol, 2004, 85: 119-130 (doi:
10.1099/vir.0.19435-0).

Dixon LK. Abrams C.C, Bowick G. Goatley L.C., Kay-Jackson P.C,
Chapman D, Liverani E., Nix R., Silk R.,, Zhang F. African swine fever virus
proteins involved in evading host defence systems. Vet. Immunol. Immunopathol., 2004,
100: 117-134 (doi: 10.1016/j.vetimm.2004.04.002).

Goatley L.C.,, Dixon L.K. Processing and localization of the African swine fever virus
CD2v transmembrane protein. J. Virol., 2011, 85(7): 3294-3305 (doi: 10.1128/JV1.01994-10).
Sereda AD.,, Makarov V.V. Veterinariya, 1992, 1: 22-24.

Sereda A.D., Anokhina E.G.,, Makarov V.V. Voprosy virusologii, 1994, 39(6): 278-281.
Malogolovkin A., Burmakina G., Tulman E.R., Delhon G., Diel D.G,,
Salnikov N., Kutish G.F., Kolbasov D., Rock D.L. African swine fever virus CD2v
and C-type lectin gene loci mediate serologic specificity. J. Gen. Virol., 2015, 96: 866-873 (doi:
10.1099/jgv.0.000024).



