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A b s t r a c t  
 

African swine fever (ASF) is a viral, contagious and septic disease affecting wild and do-
mestic pigs of all breeds and age groups. In both domestic pigs and wild European boars affected, 
some hyperacute or acute forms of the infection are observed which are characterized by fever, signs 
of toxicosis, hemorrhagic diathesis with mortality rates of up to 100 %. In endemic regions (e.g., 
some countries of East Africa), a subacute form of the disease with a mortality of 30 to 70 %, as well 
as a chronic one with very low mortality levels are reported (S. Blome et al., 2013; C. Gabriel et al., 
2011; JM Sánchez -Vizcaíno et al., 2015). No vaccine against African swine fever is currently availa-
ble, and the research works aimed at the development of live, inactivated and subunit vaccines have 
not achieved the intended result yet (P.J. Sánchez-Cordón et al., 2017; V. O’Donnell et al., 2016; 
S. Blome et al., 2014). Nevertheless, the opportunity of obtaining a DNA vaccine using the genes of 
potentially protective ASFV proteins p30, p54 and/or CD2v is considered to be a promising option 
in a number of laboratories worldwide. The proteins p30 and p54 are functionally important in at-
taching the ASF virus to the target cell. The antibody to p54 blocks the virion binding to the macro-
phage, whereas the antibody to p30 inhibits the virion penetration into the cell. The protein CD2v 
determines the hemadsorbing properties of the virus (S.D. Kollnberger et al., 2002; M.G. Barderas et 
al., 2001; J.G. Neilan et al., 2004). This work has been performed to study effects of the translation 
products of recombinant plasmids pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 and pCI-neo/ASFV/CD2v 
induced in adhesive cells (A-cells) after transfection. The antigenic activity of the recombinant pro-
teins produced with these DNA constructs was compared in permanent cell line HEK-293T and 
swine leukocyte (SL) autologous primary cultures using a direct fluorescence technique. The highest 
expression of the antigen-active translation products in HEK-293T and SL cells transfected with 
pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 or pCI-neo/ASFV/CD2v was observed on day 2. The 
peculiarity of the pig immunization schedule applied was that the animals were thrice immunized at 
a 14-day interval with autologous LS A cells transfected in vitro with the above recombinant 
plasmids. For this, as much as 90 cm3 of LC cell culture was produced using blood samples from 
each of the animals No.No. 1-4. On day 2 of the culturing, 90 μg of pCI-neo/ASFV/p30 (No. 1), 
pCI-neo/ASFV/p54 (No. 2) or pCI-neo/ASFV/CD2v (No. 3) was added thereto. The LS culture 
obtained from the pig No. 4 in a volume of 90 cm3 was divided into three portions of 30 cm3, and 
each one was transfected with one of the three constructs (i.e., pCI-neo/ASFV/p30, pCI-
neo/ASFV/p54 or pCI-neo/ASFV/CD2v) by adding 30 μg of the plasmid DNA. Two days later, the 
pigs No. 1 to No. 4 were inoculated into the central auricular vein with about 107 autologous trans-
fected A-cells of LS cultures. On days 14, 28 and 42, no antibody against ASFV proteins was de-
tected in the blood of the immunized pigs using indirect solid-phase ELISA and immunoblotting. 
After the pigs were infected into the neck with 102 HAU50 of an ASFV strain Mozambique-78 on 
day 42, the four pre-immunized pigs (No.No. 1-4) died on day 6 to 8 and the control one died 
(No. 5) on day 13. Thus, the immunization of pigs with the autologous and antigenically active 
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LS cells transfected with the recombinant plasmids pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 or 
pCI-neo/ASFV/CD2v failed to provide antibody response or protection against the challenge. 

 

Keywords: African swine fever, ASFV, recombinant plasmids, ASFV proteins р30, р54 and 
CD2v, antigenicity, immunogenicity 

 

African swine fever (ASF) is a viral contagious septic disease affecting 
wild and domestic pigs of all breeds and age groups. In domestic pigs and wild 
European boars affected, hyperacute or acute course of disease with fever, toxi-
cosis, hemorrhagic diathesis and mortality rates of up to 100% are observed. In 
endemic regions (some countries of East Africa), a subacute form of the disease 
with the mortality from 30 to 70%, as well as a chronic form with very low mor-
tality [1-3] are registered. The researches on the development of live inactivated 
and subunit vaccines have not yet yielded the desired results (4-6). Certain hopes 
are placed on the construction of recombinant DNA vaccines (7, 8). 

It is likely that in case of ASF infection the formation of specific protec-
tion is ensured by the set of proteins inducing the immunological protection 
which is ensured by both cytotoxic T-lymphocytes and antibody-dependent cel-
lular cytotoxicity [9-11]. Based on the data on the localization, structure and 
functional properties of viral proteins, polypeptide specificity of antibodies in the 
pigs’ blood serum of after the administration of attenuated or virulent strains of 
ASF virus (ASFV), and on the effects of pigs immunization with the proteins 
extracted from infected cells or with recombinant proteins, р30, р54 and CD2v 
proteins are considered as potentially protective ones. The p30 and p54 proteins 
are functionally important for attaching ASFV to the target cell. The antibodies 
to p54 block the binding of the virion to the macrophage, while the antibodies to 
p30 inhibit the virion’s penetration into the cell. CD2v protein ensures hemad-
sorbing activity of the virus [12-14].  

Study of the immunogenic and protective properties of DNA constructs 
containing the genes of the viral proteins p30, p54 and CD2v confirmed the im-
portant role of cellular immunity in the formation of specific protection against 
ASF that opens up the prospects for developing new-generation drugs [15-17].  

We previously reported on the obtaining of pCI-neo/ASFV/p30, pCI-
neo/ASFV/p54 and pCI-neo/ASFV/CD2v recombinant plasmids. The calculat-
ed molecular weights of unmodified recombinant proteins amounted to 21.6 kDa 
(rp30), 18.7 kDa (rp54) and 28.6 kDa (rCD2v). According to the results of im-
munoblotting, in the continuous cell culture HEK-293T the molecular weight of 
the antigenically active products of translation of pCI-neo/ASFV/p30 amounted 
to 21.6 kDa, pCI-neo/ASFV/p54 – 20.9 kDa and 36.3 kDa [18]. According to 
the data of P. Gómez-Puertas et al. [19] and F. Rodriguez et al. [20], the weight 
of monomer of full-size p54 is 24-28 kDa. In the HEK-293T cells transfected by 
pCI-neo/ASFV/CD2v the translated virus-specific polypeptides had a molecular 
weight of 28.8; 39.8; 63.1 and 104.7 kDa. The first of them by its size corre-
sponded to the calculated unmodified molecule of rCD2v. The others, apparent-
ly, were the forms modified at different degrees in the process of glycosylation 
and trimming. These results mainly correspond to the data of L.C. Goatley and 
L.K. Dixon [21], who identified in Vero cells transfected by the SV5CD2vHA 
plasmid the polypeptides of recombinant CD2v with the molecular weights of 
26; 63; 89 and 104 kDa.  

In the presented work, we immunized the animals with the A-cells of 
autologous LC culture transfected in vitro by recombinant plasmids for increas-
ing the efficiency of induction of anti-cellular mechanisms of protection against 
ASF, however, as it turned out, we couldn’t achieve the protective effect.    

The objective of our researches is to determine the antigenicity, immu-
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nogenicity and protectivity of the products of translation of pCI-neo/ASFV/p30, 
pCI-neo/ASFV/p54 and pCI-neo/ASFV/CD2v recombinant plasmids.   

Techniques. The domestic pigs of the Large White breed with the weight 
of 20-25 kg were from the experimental sector of the Federal Research Center of 
Virology and Microbiology (FRCVM). We used the continuous cell line NEK-
293T (Human Embryonic Kidney 293) from the Museum of Cells Culture of the 
FRCVM and the obtained primary culture of pig leukocytes. The virulent strain 
ASFV Mozambique-78 (M-78) and its attenuated derivative MK-200 strain were 
taken from the State Collection of Microorganisms of the FRCVM [22]. 

In order to prepare the LC culture, the blood sample (30-40 ml) was 
taken from the vena cava cranialis of each animal; heparin (20 units/cm3) was 
used to stabilize the blood. The blood was kept for 50-60 min at 37 С and then 
the upper fraction consisting of plasma and leukocytes was collected and centri-
fuged at 2000 g for 15 min, the supernatant was removed, and the sediment was 
resuspended to obtain the inoculum of leukocytes (4 million per cm3) in Eagle’s 
MEM medium with 10% homologous blood serum inactivated for 30 min at 
56 С, penicillin (100-200 U/cm3) and streptomycin (100-200 mg/cm3). The 
cells were cultured in 6-well plates in CO2-incubator at 37 С. One hour prior to 
the transfection, 2-day LC cell culture was transferred to serum-free medium.  

The cells were transfected with DNA constructs for 6-8 hours with the 
use of Lipofectamine® (Thermo Fisher Scientific, United States) according to 
the standard protocol. Then, the culture medium was replaced with the Eagle’s 
MEM medium with 10% homologous swine serum and incubated for 2-3 days. 

The anti-ASFV positive sera were obtained according to the following 
scheme. The ASFV strain MK-200 at a dose of 6.5 lg HAU50 (day 0) was inject-
ed intramuscularly to domestic pigs. On day 17, these pigs were infected intra-
muscularly with ASFV strain M-78 at a dose of 103 HAU50. During the periods 
of clinical signs of disease (hyperthermia, refusal of food, hemorrhages on the 
ears and belly) the sick animals were treated with daily intramuscular injection of 
phosphonoacetic acid (100 mg/kg) until the restoration of normal body tempera-
ture (3-5 days). The total exsanguination of pigs was performed on day 38 after 
the start of the experiment.  

The obtaining of the immunoglobulins marked with fluorescein isothio-
cyanate (FITC) from the sera of ASF-resistant pigs (anti-ASFV FITC immuno-
globulins) and conducting the reaction of direct immunofluorescence were per-
formed according to State Standard of the Russian Federation GOST 28573-90 
“Pigs. Methods of Laboratory Diagnosis of African Swine Fever”. The results 
were documented by fluorescence microscopy (Eclipse E200 fluorescence micro-
scope, Nikon Corp., Japan). The pig blood sera were examined for the presence 
of antibodies to ASFV proteins using indirect enzyme-linked immunosorbent 
assay (ELISA) and immunoblotting [23, 24] methods. 

Results. In our work, we used previously obtained expressing DNA con-
structs (pCI-neo/ASFV/p30, pCI-neo/ASFV/p54, pCI-neo/ASFV/CD2v) with 
fragments of the CP204L, E183L and EP402R ASFV genes of the MK-200 
strain of seroimmunotype III [18].  

The antigenic activity of recombinant proteins produced by these DNA 
constructs was studied in HEK-293T and LC cell cultures. The coverslips with 
transfected cells were taken daily and the production of antigenically active re-
combinant proteins was determined by direct immunofluorescence method. The 
maximum expression in HEK-293T and LC cells transfected by pCI-
neo/ASFV/p30, pCI-neo/ASFV/p54 or pCI-neo/ASFV/CD2v was observed on 
days 2-3 (Fig. 1).  
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Fig. 1. Expression of antigenically active products in HEK-293T continuous cell line (A) and in pri-
mary culture of pig leukocytes (B) transfected by pCI-neo/ASFV/p30 recombinant plasmid: a, b, c, d — 
respectively 0, 1, 2, 3 days after the transfection (fluorescent microscopy, Eclipse E200, Nikon 
Corp., Japan, magnification ½100). 
 

The peculiarity of the pig immunization scheme was that it was per-
formed on days 0, 14 and 28 with using A cells of the autologous LC culture 
transfected in vitro with the recombinant plasmids. It was supposed that the im-
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munization with antigen-presenting cells (macrophages) will ensure the effective 
induction of anti-cellular mechanisms of protection against ASF. For this, 4 
days prior the immunization, LC cell cultures (90 cm3) of pigs No. 1-4 was ob-
tained. On day 2 of culture, 90 μg of pCI-neo/ASFV/p30 (No. 1), pCI-
neo/ASFV/p54 (No. 2) or pCI-neo/ASFV/CD2v (No. 3) were introduced; 
90 cm3 LC culture of pig No. 4 was divided into three parts by 30 cm3 and each 
portion was transfected with one of three constructs (30 μg pCI-neo/ASFV/p30, 
pCI-neo/ASFV/p54 or pCI-neo/ASFV/CD2v). After 2 days, the  culture media 
with non-attached LC cells were removed, and the monolayer of transfected 
cells (about 107 A-cells) was mechanically taken off the substrate, washed at 
2000 g for 10 min, resuspended in 3 ml phosphate buffer (pH 7.2) and injected 
into central ear vein to the relevant autologous pigs. The animals were clinically 
observed with daily measurement of body temperature. Using indirect ELISA and 
immunoblotting, we have not detected in the blood of immunized pigs the anti-
bodies to ASFV proteins on days 0, 14, 28 and 42. After the control infection with 
M-78 ASFV strain (102 HAU50) in the neck on day 42, four immunized pigs died 
in 6-8 days, and non-immunized (control) pig died in 13 days (Fig. 2).   

The pig which was immunized with A-cells of LC culture transfected 
with the pCI-neo/ASFV/p30 construct (No. 1) died after 6 days without any 
clinical and pathoanatomical signs. Other immunized animals showed the in-
crease in body temperature and died on days 7-8 with the characteristic patho-
anatomical signs of ASF [25]. The control animal (No. 5) showed loss of appe-
tite, depressed state, fever (body temperature up to 41.2-41.3 С), paresis and 
paralysis of the hind limbs. Cyanosis occurred on skin of ears, belly, limbs and 
perineum. The pathoanatomical presentation was typical for ASF. 

The significant short-
coming of candidate DNA 
vaccines is the relatively low 
induction of immune re-
sponses, especially in large 
mammals. In order to over-
come this problem for ASF, 
several approaches have been 
tested: targeting, ubiquitina-
tion, immunization with ex-
pression libraries, s well as 
BacMam viruses [26]. The 
first attempts to induce the 
protective immune response 
against ASFV using the DNA 
construct encoding two vi-

ral proteins p54 and p30 as a chimeric protein (PQ) were unsuccessful. The 
DNA constructs encoding only PQ ensured high production of antibodies in 
immunized mice, but not in pigs [8].  

The immunization with the pCMV-sHAPQ DNA construct supplement-
ed with the gene for CD2v protein (HA) induced in pigs the humoral immune 
response, but the pigs were not protected from the control introduction of infec-
tion and showed the clinical signs of ASF and viremia kinetics which were indis-
tinguishable from those in control animals. In order to avoid the unwanted in-
duction of antibodies and to enhance the specific CD8+-Т-cell responses, the 
pCMV-UbsHAPQ construct encoding p30, p54 and CD2v antigenic determi-
nants joined with cell ubiquitin (Ubs) has been developed. The twice done im-
munization with pCMV-UbsHAPQ has not induced the humoral response in 

Fig. 2. Body temperature of pigs immunized with various recom-
binant ASFV proteins (1-4) for the period from infection to 
death, and of the control animal (5) after the experimental in-
fection with the virulent ASFV Mozambique-78 strain: 1 — p30, 
2 — p54, 3 — CD2v, 4 — p30, p54 and CD2v.  
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pigs, but ensured the partial protection against control infection with ASFV, 
thereby confirming the importance of the T-cell response in protection against 
this virus. The four-time immunization with pCMV-UbsHAPQ stimulated the 
formation of antibodies to p30 and p54 that apparently resulted in the decrease 
of the protective effect of CD8+-Т-cells [16]. It is possible that the earlier, as 
compared to the control animal, death of the immunized pigs in our experiment 
was due to the induction of virus-specific antibodies in titers insufficient for de-
tection by indirect ELISA and immunoblotting methods.  

Thus, expression of ASFV-specific products in HEK-293T cells and leu-
kocytes of pigs transfected with the pCI-neo/ASFV/p30, pCI-neo/ASFV/p5 and 
pCI-neo/ASFV/CD2v recombinant plasmids has been proved by immunofluo-
rescence method. The immunization of pigs with the autologous porcine leuko-
cytes transfected with the pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 or pCI-
neo/ASFV/CD2v constructs has not induced the virus-specific antibodies and 
protection against the control infection. 
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