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INTRODUCTION 
African swine fever (ASF) – viral disease of both domes-

tic and wild animals characterized by high mortality rate 
as well as contagiousness and having hyperacute, acute, 
subacute, chronic and unapparent forms.   As a rule at the 
beginning of the epidemic the virus causes a hyperacute 
and acute form of the disease with a high pathogenicity 
level (mortality approaching 100%), then virulence of the 
circulating virus gradually decreases [4–6]. 

Thus, an ASF-associated outbreak was reported in 
1960 in Portugal and it caused 100% mortality in infected 
animals and in eight years of the virus circulation a low-
virulent isolate was detected the administration of which 
induced immunity to the consequent infection with the 
original isolate [12].

ASF spread causes great economic losses comprised of 
direct and indirect expenditures on veterinary and sani-
tary measures as well as quarantine measures, stamping 
out of the entire animal population in the outbreak and in 
the infected zone as well as restrictions in the international 
trade [4, 8]. 

It is obvious that for ASF outbreak containment and 
eradication it is necessary to rapidly detect diseased ani-
mals as early diagnosis is most effective for animal health 
protection and is a quite complicated component of any 
efficient disease surveillance system. 

One of the basic stages in the disease spread preven-
tion is the epizootic chain rupture, i. e. blocking agent 
transmission routes and elimination of the disease spread 
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factors. For this purpose the disease spread routes and fac-
tors should be determined during performance of surveil-
lance measures. 

The unique properties of the virus together with the 
unavailability of agents for disease specific prevention and 
treatment make ASF a global threat to pig production in 
our country and in the world. That’s why the development 
and improvement of efficient ASF control measures de-
mand further comprehensive studies of the disease and 
its agent. 

ASF virus is the only DNA-containing arbovirus. It’s size 
varies from 170 to 193 kbp and contains 150–167 open 
reading frames (ORF), depending on the isolate. Open 
reading frames are located close to each other, have over-
lapping regions and are read from both DNA chains [10, 11].

Functions of many genes and members of multigene 
ASFV families have not been fully understood.  In particular, 
genes responsible for the virulence of the virus have not 
been determined yet. Identification of these genes will 
make creation of the ASFV deletion mutant strains as well 
as development and testing of experimental safe vaccines 
on their basis possible [6, 10].

The basic method for studying the ASFV pathogenicity 
and potency is comparative analysis of the virus biological 
properties and detection of differences in the structure of 
its genome influencing certain phenotypic characteristics. 

The most interesting and effective approach to solve 
the problem is analysis of the gene structural changes dur-
ing ASFV adaptation to reproduction in the continuous cell 
line which allows to find out the nature of pathogenicity 
of the studied variant viruses. 

These factors led to the necessity of preparing the ASF 
variant virus adapted to growth in the continuous cell line.  
The research was aimed at analysis of changes during the 
process of ASFV isolate (Odintsovo 02/14) adaptation. 

MATERIALS AND METHODS
The ASFV-containing samples were obtained by the 

FGBI “ARRIAH” specialists during the process of virus ad-
aptation in the CV-1 cell culture.

CV-1 primary and continuous cell culture was grown in 
Eagle’s medium adding 10% bovine fetal serum.

Bioassay test was performed for the purpose of studying 
biological properties of the adapted variant virus, deter-
mining its capacity to cause the disease and investigating 
possible changes  of the agent’s properties by inoculating 
piglets with the material under investigation according to 

“Methodical recommendations for biological assay perfor-
mance on pigs infected with ASFV” (FGBI  “ARRIAH”).

At the same time contagiousness level in the tested 
virus samples was assessed. For this purpose healthy 
and weak pigs were used in the experiment. The animals 
were observed on a daily basis with performance of visual 
examination and measuring rectal temperature of each 
piglet according to the “Methodical recommendations for 
assessment of clinical signs and post-mortem lesions in 
case of experimental infection with the African swine fever 
virus (FGBI “ARRIAH”)”. Blood samples as well as nasal and 
rectal swabs were collected from all animals once each 
three days for detection of systemic infection allowing 
virus isolation.

Hemadsorption test performed in swine bone mar-
row cell culture, PCR and DIFA tests were all used for de-
tection of ASFV in the tested samples and to determine 
viremia level according to “Methodical recommenda-
tions for preparation of pig type-specific serum against 
African swine fever virus for performing hemadsorption 
inhibition test”, “Methodical recommendations for ASFV 
genome detection by RT PCR” and “Methodical recom-
mendations for ASFV detection in blood samples and 
pathological material collected from dead and emer-
gency killed pigs using direct immunofluorescence assay 
(DIFA)” (FGBI “ARRIAH”). 

For PCR performance “Test system for ASFV diagnosis 
by the real time PCR (FGBI “ARRIAH”) was used.

To analyze changes in the genome during the process 
of adaptation, whole genome sequencing was performed 
using  Nextera XT DNA Library Prep Kit reagents  and Il-
lumina MiSeq sequencer (Illumina, USA). 

RESULTS AND DISCUSSION
To assess the possibility of detecting changes in ASFV 

biological properties and attenuation it is necessary to 
perform adaptation to growth in the continuous cell cul-
ture and determine biological, molecular and genetic char-
acteristics of the virus. 

Adaptation. The primary virus-containing mate-
rial of Odintsovo 02/14 isolate was accumulated in 
the swine bone marrow cell culture with the titer of 
7.21 ± 0.36 lg HADU50/ cm3. The prepared virus-containing 
material, 1:10 (v/v), was inoculated in the CV-1 cell culture 
where further on 30 subsequent passages were performed 
using the same method. Herewith, it should be noted that 
effective ASFV reproduction in CV-1 cell culture was reg-
istered only starting from passage 12. The results of the 
experiments are given in Table 1.

During passaging in the CV-1cell culture at passage 
20 (Table 1) the virus titer was 6.21 ± 0.17 lg HADU50/cm3, 
and the accumulation period declined from 14 days to 
7–8 days.

When assessing the changes in hemadsorbtion process 
it was observed that the number of  red blood cells at-
tached to the infected cell of the adapted virus of passages 
15–29 decreased  (from 40–50 to 30–40) and at passage 30 
this parameter decreased to 20–30.

Biological assay. When testing infectivity of the pre-
pared ASFV strain ASF/ARRIAH/CV-1 six piglets were in-
oculated with a virus-containing suspension intramuscu-
larly at a dose of 10 HADU/animals, two more  piglets were 
kept together with the infected piglets for the as contact 
animals. As a result of the intramuscular and contact infec-
tions with apparent clinical signs three out of eight piglets 
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Table 1
ASFV reproduction (Odintsovo  02/14 isolate) during adaptation to growth  
in the CV-I  cell culture  (n = 5)

Passage number Virus titer
(lg HADU50/cm3) Accumulation period (days)

1 5.12 ± 0.25 14

5 4.65 ± 0.32 12

10 5.46 ± 0.21 9–10

15 6.09 ± 0.24 8–9

20 6.21 ± 0.17 7–8

25 7.08 ± 0.19 7

30 7.31 ± 0.12 7
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died, i.e. general mortality for ASF/ARRIAH/CV-1 strain was 
37.5%. 

The performed tests revealed that the virulence of the 
ASF/ARRIAH/CV-1 strain as well as its capability to induce 
post-infection virus-specific antibodies detected in blood 
serum, diluted up to 1:2000 within a period of up to 14 
days post infection, using a commercial ELISA diagnostic 
kit, decreased. 

ASFV adapted to CV-1 continuous cell culture from the 
30th passage (ASF/ARRIAH/CV-1/30) was also used to per-
form bioassay test on piglets using a dose of 10 HADU/
animal, herewith, the experimental animals were divided 
into three groups: two piglets – contact animals (group 1), 
two piglets – animals weakened by bacterial infection 
(group 2) and four piglets – normal animals (group 3). Body 
temperature was measured in all animals.  Thermography 
results are demonstrated in Figure 1.

The results given in Figure 1 demonstrate that the body 
temperature of piglets from the control group did not raise 
higher than 40.5 °С during the entire observation (28 days), 
which is indicative of no contact virus transmission. 

Animals weakened by bacterial infection demonstrated 
fever starting from day 5, on day 11 one piglet died. Dur-
ing its autopsy ASF-associated lesions were detected – hy-
peremia and hypertrophy of lymphatic nodes,  enlarged 
spleen, and lung inflammatory lesions. 

Group 3 animals demonstrated short-term tempera-
ture rise up to 41–41.3 °С on day 7–9. All animals of this 
group remained alive until the end of the observation pe-
riod (Table 2).

So, mortality of animals from groups 2 and 3 was 16.7 % 
, significant change in biological properties of the adapted 
variant ASF virus from passage 30 (decrease in mortality 
from 85.7% to 16.7%) is indicative of probable changes in 
its genome.  

Challenge test. During the bioassay test, when pigs 
were infected with the adapted ASFV from passage 30, 
five out of six pigs (groups  2–3) and two contact pigs 
(group 1) survived. To study the immune status and to 
determine whether the animals are resistant to ASFV a 
challenge test was performed. Reference ASFV isolate Arm 
07 was administered to pigs intramuscularly at a dose of   
1000 HADU/animals. The survived contact animals from 
Group 1 were used as control animals. Body temperature 
of all experimental piglets was measured daily during the 
entire observation period (30 days post the challenge test).

On days 6–7 control piglets died demonstrating ASF 
signs. After the challenge test four out of five piglets that 
survived after the first inoculation demonstrated indolent 
conjunctivitis within the specified period and their tempera-
ture remained normal; piglet 5 (from the group of weak-
ened animals) demonstrated swollen joints and bleeding as 
well as necrotic lesions on skin, characteristic of ASF.

As all the animals survived the challenge test and no 
other temperature rises or ASF clinical signs were observed, 
they have obviously developed protective immunity. 

Genome analysis. Sequencing of C-terminal region of 
B646L gene, coding the major capsid protein р72, the 
adapted variant ASVF virus from passage 30 was referred 
as genotype II. Consequently, changes observed during 
the virus adaptation to growth in the nonpermissive cell 
culture did not affect the region responsible for its clas-
sification characteristics. 

Whole genome sequencing of the viral DNA extracted 
from CV-1 cells was performed according to the manual 

to determine the causes of decrease in the adapted virus 
virulence and carry out comparative analysis of the nu-
cleotide sequence [1].

The comparative analysis of the whole genome se-
quence of the adapted variant ASFV (ASF/ARRIAH/CV-1 
strain, passage 30) and Georgia 2007/1 isolate revealed 
the presence of point mutations in four genes (M1249L, 
NP419L, E199L and I196L). According to L. K. Dixon et al. 
their function is determined in the following order: 
NP419L – DNA-ligase, is involved in the virus replication; 
M1249L – is involved in the virus replication, exact func-
tion is unknown; E199L – structural protein, being a trans-
membrane domain of J-18L protein and I196L – function 
is not known [3]. 

Besides, as it has been previously found out a large dele-
tion, covering a p22-encoding gene and genes of multigene 
families  MGF100 and MGF360 in the right variable termi-
nal region of the genome were observed in the adapted 
BA71V strain [9]. Analysis of the ASF/ARRIAH/CV-1 genome 
sequence also detected a large deletion (2,945 bps) in the 
region 180 975–183 920 which resulted in the loss of genes 
L7L, L8L, L9L, L10L, L11L and MGF360-18R.

According to L. K. Dixon et al. L10L belongs to p22 gene 
family, L7L, L8L, L9L and L11L functions have not been 
identified yet and gene MGF360-18R belongs to family 
MGF360, responsible for ASFV virulence [3].

So, it can be assumed that there is a correlation be-
tween the changes in the right variable terminal region of 
the genome covering genes L7L, L8L, L9L, L10L, L11L and 
MGF360-18R, and biological properties of the virus. This 
is confirmed by experimental tests performed on animals 
and correlates with results obtained by other researchers 
in Spain, Great Britain and the USA [2, 3, 7, 9].

CONCLUSION
As a result of the tests performed ASFV strain 

 (ASF/ ARRIAH/CV-1) from passage 20 adapted to growth in 
the CV-I continuous cell culture was prepared and depos-
ited in the FGBI “ARRIAH” microorganism strain collection. 
The strain was characterized according to basic biological 
properties, the possibility of its use for further adaptation 
was determined, and patent application was submitted. 

During the process of the ASFV Odintsovo 02/14 iso-
late adaptation to reproduction in the CV-1 cell culture the 
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Fig. 1. Thermography, infected animals
1.1 and 1.2 (k) – animals from Group 1;
2.1 and 2.2 (о) – animals from Group 2;
3.1, 3.2, 3.3 and 3.4 – animals from Group 3/
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variants of the virus with modified biological properties 
were prepared. As during the biological assay test using 
the variant virus from passage 30 contact pigs remained 
intact and nonimmune it can be assumed that this vari-
ant virus has lost its contagiousness characteristic of the 
primary isolate Odintsovo 02/14 [6]. 

When the pigs were inoculated with the adapted vari-
ant virus from passage 30 mortality was 16.7%, and all the 
survived pigs acquired resistance to the repeated inocula-
tion with the virulent isolate Arm 07.

It should be noted that the virus passaging in the non-
permissive cell culture for up to 30 subsequent passages 
did not result in the genotype changes, a large deletion 
of 3000 bps similar with the one on the BA71V strain 
genome adapted to growth in the Vero continuous cell 
culture appeared in the right variable terminal region of 
the genome. 
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Table 2
Temperature parameters in experimental animals on day 5–14 post infection with the 30 passage ASFV, adapted to CV-1 cell culture 

Group 
number

Animal 
number

Days post infection

5 7 8 9 10 11 12 14

1
1.1 (к) 39.4 38.8 38.9 39.2 38.7 38.8 38.6 39.0

1.2 (к) 39.2 39.4 39.3 39.1 39.1 39.4 39.2 39.1

2
2.1 (о) 40.5 40.5 41.2 40.5 40.3 40.2 40.2 40.6

2.2 (о) 40.3 41.7 41.8 41.6 41.6 † † †

3

3.1 39.4 40.0 41.3 39.6 39.6 39.8 39.3 39.0

3.2 39.9 40.1 41.0 39.1 39.0 39.7 39.5 38.8

3.3 39.9 40.3 41.3 40.1 39.0 39.6 39.5 38.8

3.4 39.5 40.3 41.1 40.4 40.1 40.2 40.3 39.6

† – Animal death.
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