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Isolation and study of a strain of lumpy skin disease virus of cattle

amplicons of the virus with a length of 347 bp. were detected in skin samples but not found in blood. Antigens in
1:5-1:320 dilutions were identified in skin material and 2-3 passages of monoclonals; less antigenic activity was
found in the blood in a 1:2 dilution. In response to the pathogen, specific immunoglobulins were synthesized in
the serum of 67% of the studied animals and were detected in dilutions of 1:100-1:400. The viral material was
accumulated in monoclonals and isolated in a sucrose gradient. The whole-genome sequence of the obtained
material confirmed the isolation of a new strain of nodular dermatitis virus with a percentage of similarity to the
closest homologues of 99.66%. The strain was named Dermatitis nodularis bovum/2018/Kostanay/KZ; the sequence
has been submitted to GeneBank, and the object has been deposited in the Collection of Microorganisms under
accession number M-9-21/D. The obtained information can be used to prevent the spread of foci of cattle infection

Keywords: biomaterial; sequencing; assembly; polymerase chain reaction; virus; deoxyribonucleic acid

INTRODUCTION

Due to the globalisation of economic relations in many
countries of the world, which rapidly includes the Re-
public of Kazakhstan, the epizootic situation in their
territories is becoming increasingly vulnerable to the
penetration and spread of dangerous and especially
dangerous infectious diseases, including diseases of
farm animals. Taking into account the wide dissemina-
tion of the lumpy skin disease in the direction from the
south to the northeast, the migration of this pathogen
can be dangerous for Kazakhstan territory. Epizootic
outbreaks harm not only the health of animals, but also
the economic situation of the region. Therefore, it is im-
portant to identify pathogens in time to prevent their
spread and implement a vaccination program.

Infectious lumpy skin disease of cattle is an acute
particularly dangerous infectious viral disease, accom-
panied by fever, nodular lesions and necrosis of the
skin, swelling of subcutaneous connective tissue and
organs, damage to the eyes, mucous membranes of the
respiratory and digestive tracts (Issimov et al., 2022).
The causative agent is a virus containing deoxyribonu-
cleic acid belonging to the Poxviridae family, the genus
Capripoxvirus. Currently, three varieties are known - Or-
phlins, Allerton and Neethling - distinguished by the de-
gree of virulence, immunogenicity and cytopathogenic
action (Bayantassova et al., 2023). It has been proven
that only the virus of the third group causes infectious
lumpy skin disease. It has an antigenic relationship
with the sheep pox virus. It reproduces in chicken em-
bryos, in primary cell cultures of calves, lambs, rabbits
(Whittle et al., 2023; World Animal Health Information
System, n.d.). In natural conditions, cattle are most sus-
ceptible to this disease. At a temperature of 4°C, the vi-
rus remains active for 6 months. It spreads at a speed of
70 to 100 km/day (Namazi & Khodakaram Tafti, 2021).

Lumpy skin disease virus (LSDV) is an African en-
demic that had spread to Kazakhstan, Serbia, Greece,
Bulgaria, Thailand, India and China. As indicated by
P.A.Desingu et al. (2023),the main risk factor associated
with LSDV is its microevolution: the genome constant-
ly undergoes frameshift and nonsense mutations that
cause new disease outbreaks in different regions. The
wild-type strain has been found only in Africa, as well
as only recombinant viruses have been found in Asia.
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M.B. Orynbayev et al. (2021) investigated an epizootic of
nodular dermatitis in the region of Atyrau (Makash), Ka-
zakhstan. The first cases of cow disease were found in
2016 (Vygovska et al., 2023). The researchers managed
to isolate the virus from animal material, cultivate it
in a lamb testicle line monolayer, identify the provoker
by polymerase chain reaction (PCR) (receiving a specific
amplicon with a length of 192 bp) and sequence the
genome of the pathogen.

Amplicons of the virus were detected in all sam-
ples of blood, spleen, lymph nodes and lungs of dead
animals, as well as in the material of vectors - ticks
and ticks. The strain was archived as Nodulares/Der-
matitis/Atyrau-2016. Based on this strain, O. Chervyak-
ova et al. (2022) constructed an attenuated vaccine by
knocking out four genes (encoding interleukin-like pro-
tein, interferon-gamma receptor, thymidine kinase, and
LSDV142). The modified virus was genetically stable for
ten passages in monoclonals; in high doses, the one had
not caused the disease, but stimulated the synthesis of
virus-specific immunoglobulins in vaccinated animals.

As indicated by F.Vandenbussche et al. (2022), sev-
eral vaccinia-like recombinant LSDVs were identified
in Kazakhstan and the neighbouring region of China
in 2017-2019. Previously, mass vaccination of animals
against nodular dermatitis (Lumpivax) was carried out
in Kazakhstan (Kropyvka et al., 2024). LSDV was trans-
mitted between animals. Vaccination caused the ap-
pearance of new strains, which are conventionally di-
vided into four groups and differ in a number of genetic
recombination’s (126-146 exchanges). Therefore, it is
important to search and identify such recombinants.

The tasks of the work were isolation and identifi-
cation of the nodular dermatitis virus strain from the
focus of infection in the Kostanay region.

MATERIALS AND METHODS

The work was performed on the basis of on the ba-
sis of the RSE Research Institute of Biological Safety
Problems of the Scientific Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
Biomaterials from sick and dead animals from the out-
break of epizootics were collected in September 2018
in the Kostanay region. Treatment of animals took place




in accordance with the European Convention for the
Protection of Vertebrate Animals used for Experimen-
tal and Other Scientific Purposes (1986). To detect the
lumpy skin disease virus in cattle, 4 samples of affected
skin parts and 4 samples of animal blood were tested in
real time by PCR with a pair of specific viral primers LS-
DV-2-f and LSDV-2-r and Tag polymerase. Amplification
was carried out in 35 cycles (94°C 3 min-((94°C 20 sec-
50°C 20 sec-72°C 40 sec)x35)-72°C 7 min-4°C storage)
(Zeedan et al., 2019).

To determine the activity and specificity of the anti-
gen, the method of enzyme-linked immunosorbent as-
say (ELISA) was used. It was taken 8 samples of animal
skin and blood as well as 10 samples of virus passages.
For this purpose, polystyrene flat-bottomed dies were
used, which were previously sensitised with a specific
immunoglobulin of the lumpy skin disease virus of cat-
tle. Control antigens (antigen C, antigen H) were used
to perform enzyme-linked immunosorbent assay. The
test biomaterials were diluted in a start ratio of 1:5,
and culture samples in a start ratio of 1:2. Then, control
antigens C, H and test samples of 0.1 cm? were intro-
duced into the wells. The plate with antigens was incu-
bated (17 h 4°C), washed, contacted with conjugate (1 h
37°C), washed again and then the substrate solution
was introduced (30-60 min, room temperature). The re-
action results were taken into account visually or on a
photometer at a wavelength of 405 nm.

To detect antibodies to the lumpy skin disease vi-
rus of cattle the ELISA was performed on a tablet with
a recombinant protein of the nodular dermatitis virus
of cattle. The 9 samples of blood serum were taken to
analysis. Control antibodies (CC, CH) and test serums
were introduced into the wells (start dilution 1:100)
and incubated for (1 h, 37°C), washed, contacted with
analytic serum (1 h, 37°C), washed, dried and then re-
acted with substrate solution. The photometric reading
was performed at 405 nm (Liang et al., 2022). To detect
the antigen of this virus or antibodies to virus after dis-
ease the diffuse precipitation reaction in 1% agar gel
Difco has been performed (27 samples; blood, skin and
cell cultures). Control samples with C,H, CCand CH an-
tigens were used in the working titer, dilutions were
prepared in saline solution. Wells were made in the
agar using a star-shaped stencil with one central tube
and 6 peripheral tubes. The central holes were filled
with control samples, and the side holes - with test.
The reaction kept in wet chamber for 24-48 hours at
room temperature (22°C) (Colorio et al., 2021).

To cultivate the virus in monolayer cells, the cell
cultures of lamb tests and green monkey kidneys (Vero)
have been contaminated with skin isolates (4 sam-
ples). The cells were pretreated with benzylpenicillin
and streptomycin (18 h, 4°C), infected with 0.2 ml of
samples (1.5 h, 37°C), washed and grown in inactivated
2% serum (7 d, 37°C). Three passages have been per-
formed. The test tubes were examined daily under a
microscope to assess the virus (Vidanovic et al., 2016).
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Samples were then taken from each vial to test for the
presence of lumpy skin disease virus in a polymerase
chain reaction test system (Agianniotaki et al., 2017).
To purify the virus from cell culture, the sedimentation
(10737 g, 180 min) in sucrose gradient (30%, 45 %, 60%)
has been performed.

Genome-wide sequencing of the virus isolate was
carried out by high-performance sequencing of the
next generation and subsequent genome assembly.
The measure of deoxyribonucleic acid concentration
was performed by spectrophotometric and fluorimetric
methods (NanoDrop1000 and Qubit®.2.0 Fluorometer;
Qubit dsDNA HS Assay Kits) (Nakayama et al., 2016). The
preparation of the deoxyribonucleic acid library was
carried out according to Nextera DNA Flex Library Prep
Kit. The sample of deoxyribonucleic acid was subjected
to tagmentation, amplification with labelling and nor-
malisation of the library concentration (ILLumina Propri-
etary, 2020). Sequencing was carried out using a set of
reagents MiSeq Reagent Kitv3 (600 cycle), which allows
sequencing 20 million readings with a length equal to
300 bp with a paired-end (Namazi & Khodakaram Taf-
ti, 2021). The analysis of the obtained data was carried
out using FastQC programmes Trimming of low-quality
bases was carried out in SeqTK v1.3-r106 and Sickle
v1.33. Genome assembly was carried out in SPAdes
3.13.2 programme.

Basic Local Alignment Search Tool (BLAST) software
(both the web service and the local version) was used
for comparative identification of the resulting contigs.
The search was conducted relative to the database “nt”
(nucleotide) with standard settings.

RESULTS

To confirm the identification of nodular dermatitis vi-
rus, an amplification reaction was performed with spe-
cific primers from skin and blood samples. The results
PCR-screening are shown in Figure 1.
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Figure 1. Results of the polymerase chain reaction
for the detection of deoxyribonucleic acid
of the lumpy skin disease virus of cattle
Note: M - marker; from 1 to 4 affected parts of animal
skin; from 5 to 8 - selected animal blood; PC - positive
control (347 bp); NC - negative control
Source: compiled by the authors

Four samples of affected skin taken from diseased
and fallen animals were found to contain lumpy skin
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disease virus in this test, while no virus was detected
in blood. The amplicon size of the tested samples coin-
cided with the amplicon size of the virus of the positive
control sample (347 bp). Afterwards, to determine the

activity and specificity of the nodular dermatitis virus
antigen, an ELISA with control antigens C and H has
been performed. 18 samples of biomaterials were test-
ed, as indicated in Table 1.

Table 1. Test samples

No. Name of the biomaterial No. Name of the biomaterial
1  Concentrated VCS test after the 3 passage level on lamb 10  VCS after the 1* passage level (Affected part of the skin,
testicles (Affected part of the skin, cow, black colour) heifer)

2 20% suspension of the affected part of the skin, heifer

11  VCS after the 1% passage level (Affected part of the skin,
cow, red colour)

3 20% suspension of the affected part of the skin, cow, suit
colour

12 VCS after the 1% passage level (Affected part of the skin,
cow, white colour)

4 20% suspension of the affected part of the skin, cow,
white colour

13 VCS after the 1% passage level (Affected part of the skin,
cow, black colour)

5  20% suspension of the affected part of the skin, cow,
black colour

14 VCS after the 2™ passage level (Affected part of the skin,
heifer)

6  Blood from a cow, white colour, No. 1

15 VCS after the 2™ passage level (Affected part of the skin,
cow, red colour)

7  Blood from a cow, white head, No. 2

16  VCS after the 2™ passage level (Affected part of the skin,
cow, white colour)

8  Blood from a cow, white muzzle

17  VCS after the 2" passage level (Affected part of the skin,
cow, black colour)

9  Blood from a bull, white colour, No. 1

18 V(S after the 3 passage level (Affected part of the skin,
cow, black colour)

Note: VCS is a virus-containing suspension
Source: compiled by the authors

The results of the enzyme-linked immunosorbent
assaysamples for detecting the antigen of the lumpy skin
disease virus of cattle are shown in Figures 2, 3. During
visual evaluation, staining should be observed in wells
with antigen C, weak staining is allowed in wells with
antigen H, decreasing with the dilution of the antigen.
There should be no staining in wells with a solution for

enzyme-linked immunosorbent assay (horizontal line
A). On the photometer, the reaction is indicated by the
difference in optical density between the test wells and
the antigen H. The result is considered positive if the
optical density in the test wells is 2 or more times high-
er than the density in the corresponding wells of the
control antigen H in two or more subsequent dilutions.
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Figure 2. The results of tests to detect the antigen of the lumpy skin disease virus of cattle

Source: compiled by the authors

Scientific Horizons, 2024, Vol. 27, No. 4




11 w" 28
e

Ragatova et al.

Figure 3. The results of tests to detect the antigen of the lumpy skin disease virus of cattle

Source: compiled by the authors

As a result, antigens of the nodular dermatitis virus
of cattle with an activity of 1:5-1:320 were detected in
the initial materials No. 2, 3 and 5, and in the blood No.
7 and 9 with an activity of 1:2. After carrying out viral
isolation in monolayers of lamb testicle cell cultures,
the antigen of the lumpy skin disease virus of cattle
was detected only in one sample No. 1,17 and 18 with
an activity of 1:128-1:320 after the second and third

passages of skin material from black cow. In other sam-
ples during cultivation, it was not possible to isolate
this virus. An ELISA was also performed to detect pro-
tective antibodies to the lumpy skin disease virus of
cattle after contact with provoker. 9 samples of animal
blood serum were tested for enzyme-linked immuno-
sorbent assay, as indicated in Table 2. Figure 4 shows
the results of the samples.

Table 2. The studied samples for the detection of antibodies of the lumpy skin disease virus of cattle

Name of the

Name of the

No. . . Unit of measurement Volume No. . . Units of measurement  Volume
biomaterial biomaterial
1 Blood serum No. 1 ml 0 6 Blood serum No. 6 ml 721
2 Blood serum No. 2 ml 3.55 7 Blood serum No. 7 ml 1.8
3 Blood serum No. 3 ml 4.8 8 Blood serum No. 8 ml 6.7
4 Blood serum No. 4 ml 6.3 9 Blood serum No. 9 ml 34
5 Blood serum No. 5 ml 2.45 10 Blood serum No. 10 ml 4.8

Source: compiled by the authors

Figure 4. Results of tests for detection of antibodies of the lumpy skin disease virus of cattle

Source: compiled by the authors

Scientific Horizons, 2024, Vol. 27, No. 4
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During visual assessment, staining should be
observed in wells with control antibodies CC, weak
staining is allowed in wells with CH or there should
be no staining. There should be no staining in wells
with buffer solution (horizontal line A). The reaction
is considered positive if staining is observed in wells
with a test sample at a dilution of 1:400, with weak
staining in similar dilutions in wells with the CH anti-
gen. On the photometer, the reaction is taken into ac-
count by the difference in optical density in the wells
with the tested samples and the CH antigen.The result

is considered positive if the optical density in the
wells with the tested samples is 2 or more times
higher than in the corresponding wells with the con-
trol CH antigen in two or more subsequent dilutions.
In samples No. 3, 5, 6, 7, 8, 9 antibodies to the lumpy
skin disease virus of cattle with an activity of 1:100-
1:400 were detected (67%). To set up the diffuse pre-
cipitation reaction, for antigens and antibodies iden-
tification, 18 samples of virus-containing suspensions
and 9 samples of animal blood serum were tested, the
results are presented in Table 3.

Table 3. Results of the diffuse precipitation reaction

No. Name of samples Results No. Name of samples Results No. Name of samples Results
1 . + 10 level (Affected part of the - 19  Blood serum No. 2 -
(Affected part of the skin, . .
skin, heifer)
cow, black colour)
20% suspension of the VCS after the 1t passage
2  affected part of the skin, - 11 level (Affected part of the - 20  Blood serum No. 3 -
heifer skin, cow, red colour)
20% suspension of the VCS after the 1% passage
3 affected part of the skin, + 12 level (Affected part of the - 21 Blood serum No. 4 +
cow, suit colour skin, cow, white colour)
20% suspension of the VCS after the 15t passage
4 affected part of the skin, + 13 level (Affected part of the - 22 Blood serum No.5 -
cow, white colour skin, cow, black colour)
20% suspension of the VCS after the 2™ passage
5 affected part of the skin, - 14 level (Affected part of the - 23 Blood serum No. 6 -
cow, black colour skin, heifer)
. VCS after the 2™ passage
6 Blood from a cow, white - 15 level (Affected part of the - 24  Blood serum No. 7 +
colour,No. 1 .
skin, cow, red colour)
. VCS after the 2™ passage
7 Blood from a cow, white - 16 level (Affected part of the - 25  Blood serum No. 8 -
head, No. 2 . .
skin, cow, white colour)
. VCS after the 2™ passage
8 Blood from a cow, white - 17 level (Affected part of the - 26  Blood serum No.9 -
muzzle .
skin, cow, black colour)
. VCS after the 3 passage
Blood from a bull, white - 18 level (Affected part of the - 27 Blood serum No. 10 -

colour, No. 1

skin, cow, black colour)

Note: VCS is a virus-containing suspension
Source: compiled by the authors

The reaction results were taken into account with
control antigens or antibodies, in which there must
necessarily be precipitation lines between C and CC in
the absence of them between C and CH or CC antibod-
ies and antigen H. The reaction is considered positive
if there are precipitation lines identical to the lines in
the control between the wells with CC or C antigen and
the pathological materials or sera, respectively, after
the above time, there are precipitation lines in charac-
ter identical to the lines in the control. In the absence
of precipitation lines between these components, the
reaction is considered negative. As a result, antigens of
the lumpy skin disease virus of cattle were detected in
samples No. 1, 3, 4 in the diffuse precipitation reaction,
and antibodies of the same virus were detected in two

Scientific Horizons, 2024, Vol. 27, No. 4

samples with blood serum No. 21 and 24. The virus has
been cultivated in animal cells monolayer. Experiments
were carried out to isolate the lumpy skin disease vi-
rus of cattle from four samples of the affected parts of
the skin of diseased and sick animals in monolayers of
primary trypsinized cultures of lamb testicle cells and
transplanted lines of green monkey kidney cell cultures
(Vero). The results of the first passage for virus release
from skin samples are shown in Figure 5 and Table 4.
On day 7, in samples No. 1 and 4, changes were detect-
ed in the monolayers of lamb testicle cell cultures. Ob-
viously, according to the PCR-signal, the titer of virus in
sample 1 (from heifer cow) was lower, than in sample 4
(from black cow). Then the second passage was carried
out. Its results are presented in Figure 6 and Table 5.
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Figure 5. Results of the first passage Figure 6. Results of the second passage
for virus release from skin samples for virus release from skin samples
Note: M — marker; No. 1, 2, 3, 4 - test samples, 5 and 6  Note: M - marker; No.1, 2, 3, 4 - test samples, 5 and 6
positive controls; 7 - negative control positive controls
Source: compiled by the authors Source: compiled by the authors
Table 4. Name of samples and results Table 5. Name of samples and results
No. Name of samples Results No. Name of samples Results
1 VCS after the 1% passage level . 1 VCS after the 2™ passage level )
(Affected part of the skin, heifer) - (Affected part of the skin, heifer)
VCS after the 1% passage level + 7 VCS after the 2™ passage level )
(Affected part of the skin, cow, red colour) - (Affected part of the skin, cow, red colour)
3 VCS after the 1%t passage level ) 3 VCS after the 2™ passage level )
(Affected part of the skin, cow, white colour) (Affected part of the skin, cow, white colour)
4 VCS after the 1% passage level + 4 VCS after the 2™ passage level .
(Affected part of the skin, cow, black colour) (Affected part of the skin, cow, black colour)
5 Positive control * 5 Positive control +
6 Positive control
7 Negative control - 6 Negative control -
Note: VCS is a virus-containing suspension Note: VCS is a virus-containing suspension
Source: compiled by the authors Source: compiled by the authors

After the second passage level, the virus was de-  passage was then carried out to confirm the presence
tected only in one sample No. 4, the suspension, from  of this virus. The polymerase chain reaction test was
the affected part of the skin of a black cow, contains  positive. Thus, it was possible to isolate a lumpy skin
the lumpy skin disease virus. The PCR-signal was on  disease virus isolate from the biomaterial, which was
the level of positive control; this fact proves the active  named Dermatitis nodularis bovum/2018/Kostanay/KZ.
reproduction of virions in host testicular cells. A third  Figure 7 shows an isolate of this virus.

Figure 7. Isolate Dermatitis nodularis bovum/2018/Kostanay/KZ
of the lumpy skin disease virus of cattle in a monolayer of lamb testicle cell culture
Source: compiled by the authors

The cultivation of resulting strain in lamb testicle the form of shiny light-refracting cells with a round
cells caused destructive changes in the monolayer in  shape, with clear outlines of the shells of the nucle-

Scientific Horizons, 2024, Vol. 27, No. 4
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dure of extraction with different sucrose amount) and
examined using a polymerase chain reaction to detect

us and cytoplasm. Virus isolation from biomaterials in
monolayers of Vero cell cultures has not been success-

ful. To optimize the way of virions purification, the sam-
ples were taken from each sucrose layer (at the proce-

M 1 2 3 4

5 6 7

deoxyribonucleic acid of the lumpy skin disease virus of
cattle. The results are shown in Figure 8.

PC NC

Figure 8. Results of polymerase chain reaction
after purification of lumpy skin disease virus
Note: M — marker; method 1 (cleaning in 30% sucrose at 10737 g for 180 min): No. 1 - sediment; No. 2 - supernatant;
method 2 (clean in 30,45 and 60% sucrose at 10737 g for 180 min): No. 3 - protein of over 30% sucrose; No. 4 - protein
between 30 and 45% sucrose; No. 5 - protein between 45 and 60% sucrose; No. 6 - precipitate; No. 7 - the original
virus isolate Dermatitis nodularis bovum/2018/Kostanai/KZ virus nodular dermatitis of cattle; PC - positive control;

NC - negative control
Source: compiled by the authors

The product of deoxyribonucleic acid isolate Der-
matitis nodularis bovum/2018/Kostanay/KZ of this virus
was detected in samples No. 1, 2, 3, 6, 7. As can be seen
from Figure 8, the optimal way to clean virus particles
is applying of 30% sucrose solution; at the same time,

virions are equally distributed in the supernatant, sed-
iment, and protein fraction above the sucrose solution.
This pure material has been taken for sequence. Upon
completion of the sequencing process, the following
launch metrics were obtained, shown in Figure 9.
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Figure 9. Launch metrics at the end of sequencing stage
Note: clustering density: 1143 thousand/mm?; number of clusters that passed the Q30 threshold: 94.4%; expected

output: 16236 megabases
Source: compiled by the authors

According to the metrics, the clustering density is
close to the optimal value (1200-1400 thousand/mm?),
the expected yield is also close to the optimal value
stated by the model manufacturer (19 million bases per
cycle), the threshold Q30 indicates that 87.8% of the

Scientific Horizons, 2024, Vol. 27, No. 4

obtained bases have a 99.9 % probability of reliability.
The GC content of the sequence was 41%. According to
the comparison of BLAST analysis by the nucleotide da-
tabase, this contig is identified as a LSDV with an iden-
tity percentage equal to 99.36% (Fig. 10).
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— pendik Lumpy skin disease virus
L—155920/2012 Lumpy skin disease virus
— Neethling RIBSP vaccine|Lumpy skin disease virus

— L Kubash/KAZ/16|Lumpy skin disease virus

LSDV/Russia/Dagestan/2015|Lumpy skin disease virus
Evros/GR/15|Lumpy skin disease virus
SERBIA/Bujanovac/2016|Lumpy skin disease virus

Neethling Warmbaths LW|Lumpy skin disease virus

—
'__{: Namibia 2016 9F|Lumpy skin disease virus

Namibia 2016 10F|Lumpy skin disease virus

i Kenya Lumpy skin disease virus

KSGP 0240|Lumpy skin disease virus
LE Neethling 2490|Lumpy skin disease virus

NC 003027.1 Lumpy skin disease virus NI-2490 complete genome

-

KZ-Kostanay-2018
LSDV/Russia/Saratov/2017|Lumpy skin disease virus
LSD 103 GP RSA 1991|Lumpy skin disease virus
LSD 148 GP RSA 1997|Lumpy skin disease virus
LSD 58 LP RSA 1993|Lumpy skin disease virus

LSD 248 NW RSA 1993|Lumpy skin disease virus
{ LSD 220 2 NW RSA 1993|Lumpy skin disease virus

LSD 220 1 NW RSA 1993|Lumpy skin disease virus
UNKNOWN HB977629|Lumpy skin disease virus
Neethling vaccine LW 1959 Lumpy skin disease virus
Herbivac LS|Lumpy skin disease virus

Neethling LSD vaccine OBP|Lumpy skin disease virus
Cro2016|Lumpy skin disease virus

Neethling Herbivac vaccine|lLumpy skin disease virus
SIS Lumpyvax vaccine|Lumpy skin disease virus

Figure 10. Phylogenetic tree as result of BLASTN alignment

Note: tree scale - 0.001
Source: compiled by the authors

The closest homologues of the identified nodular
dermatitis virus were Kenya LSDV, KSGP 0240, NI-2490
and strains of the LSD RSA clade. The remaining assem-
bly contigs were less than 2800 bp and according to
BLAST analysis were both Ovis aries genome fragments
with 99.66% identity and smaller (<1000 bp) genome
fragments of nodular dermatitis virus.

DISCUSSION

The result of the work was the isolation and sequenc-
ing of the complete genome of a new strain of bovine
nodular dermatitis virus derived from an epizootic in
the Kostanay region. The obtained sequence has been
included to the publicly available GeneBank bioin-
formatics data base. The strain was named Dermatitis
nodularis bovum/2018/Kostanay/KZ M-9-21/D and was
deposited in the Microorganisms Collection of the Sci-
entific Research Institute of Biological Safety Problems.

For identification, the new generation high-
throughput sequencing method with genome “col-
lection” by Illumina’s FastQC software has been per-
formed. The advantage of this approach is the gen-
eration of hundreds of millions of sequences during
one cycle. The FastQC programme makes it possible
to evaluate the sequencing run process based on the
generated FastQ files of individual samples for such
multiple characteristics as the number and length of
reads, GC% the degree of duplication, base quality,

overrepresented sequences and adapters. Perhaps,
existing next-generation sequencing platforms have
a number of disadvantages. These include errors and
assumptions in the data obtained. Such disadvantages
for the Illumina platform include a declining “trend” in
the base quality assessment chart and a larger range
of reading lengths. Therefore, according to the gen-
erally accepted methodology for analysing next-gen-
eration sequencing data, the readings were “trimmed”
to a state satisfying the reliability of accuracy (Q30).
Trimming of low-quality bases was carried out in Se-
gqTK v1.3-r106 and Sickle v1.33. The evaluation of the
processed data was also carried out in FastQC. The
genome was assembled in the SPAdes v3.13.2 pro-
gramme with a k-measure size equal to 127 (-k 127)
and a more precise assembly function (-careful). The
use of a paired-end sequencing reagent with a read-
ing length equal to 300 bp allows for correct assembly
in regions of the genome with repeats less than the
reading length (i.e., 300 bp) (Badhy et al., 2021).

Two cell lines were used for monolayer cultiva-
tion: testicular lamb line and monkey kidney line Vero.
If it was possible to pass three passages in the cells
of the first line successfully, it was not possible to iso-
late the virus from the second line. Instead, N. Kumar et
al. (2021) describe a successful method for isolat-
ing a new strain of nodular dermatitis virus from the
Vero line. According to the phylogenetic analysis, the
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identified strain was a close homolog of LSDV Kenya,
like in the current experiment. The researchers man-
aged to conduct four passages without a cytotoxic ef-
fect and obtain a high titer of viral particles. The peak of
viral DNA synthesis occurred at 96 hours after infection,
and the peak of virion assembly - at 120 hours. For this
performance, Vero monolayer cultivation was adapted
by plating of 500 pl of inoculum after culturing the vi-
rus in goat kidney cell culture.

Instead, S. Pervin et al. (2023) noted the phenom-
enon of cytopathic effect of LSDV on the Vero line.
Despite this, they were able to isolate the virus from
pathogen-free fertilized chicken eggs in Vero culture.
To do this, adaptation of the virus was carried out in a
minimal environment in an atmosphere with 5% car-
bon dioxide. The cytopathic effect had been achieved
in two-three days after infection, so the threshold of
75% cytolysis has been fixed microscopically, so culti-
vation has been stopped after 5-6 passages. Perhaps,
in the future, this approach will allow the isolation
of other viruses with a higher titer. Identification has
been carried out by the gene encoding a binding pro-
tein with an amplicon length of 192 bp. Phylogenetic
analysis was performed by the same amplicons after
sequencing and uploading the sequence to the Gen-
eBank database. Such marker is species-specific and
amplifies quickly; in addition, its sequencing is per-
formed faster and at lower costs than whole-genome
sequencing. Therefore, in the future, it can be used to
identify LSDV isolated from other epizootics. The iden-
tified strain (Bangladesh) had a high degree of similar-
ity (more than 99%) with LSDV strains from outbreaks
in Kenya, Serbia, Greece and Kazakhstan.

It was not possible to detect virus antigens in all
analysed skin and blood samples of sick animals. Ac-
cording to the histopathological study of D.M. Amin et
al. (2021),the disease was manifested by different skin
lesions. In particular, in some cases, the proliferation
of the epidermis with the formation of a mesh border
has been observed; in others, the lesion was accompa-
nied by a degeneration and necrotic process of the ep-
idermis with exfoliation of cells and the formation of
deep ulcers. Part of the ulcers has been characterized
by immune granulomatosis: lymphocytes, macrophag-
es, fibrocytes and plasma cells accumulated inside.
These cells were also found in muscles and around
blood vessels. Viral particles were localized in the cy-
toplasm of the basal layer of the epithelium and hair
follicles. In the mentioned experiment, it was also not
possible to confirm the virus in all samples: viral parti-
cles were identified by PCR in 22 samples out of 73. It
is possible that the absence of viral antigens in some
samples caused by either too low titer of the virus, or
a late stage of the disease, or a non-specific selection
of material that did not capture a sufficient amount of
basal epithelium, but included more “protective” cells
of the immune response (Zaviriukha et al., 2024).
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Contact with the virus promotes the synthesis of
specific antibodies. The ones can be detected by neu-
tralization of virions or by immunoenzymatic analysis
(Korotetsky et al., 2010). The ELISA method has advan-
tages over the virus neutralization method, because it
has high sensitivity, specificity, requires less time and
resources, and can “process” 96 samples at the same
time. At the same time, the quantitative determination
is carried out spectrophotometrically (Sthitmatee et
al., 2023). In particular, in 6 out of 9 serum samples of
sick animals, immunoglobulins against LSDV, active in
dilutions of 1:400-1:100, have been detected by ELISA.
As can be seen from the results, in more than 30% of
cases in sick animals, the natural immune response had
not activated after the initial contact with the patho-
gen. This fact raises the issue of vaccinating cattle to
reduce mortality risks from LSDV.

CONCLUSIONS

In this research, a new strain of bovine nodular derma-
titis virus was isolated and identified. It was found in
Kostanay region inflammation focus. The highest titer
of the virus was revealed in one of the skin samples of
asick animal. This isolate was selected for further culti-
vation in monolayer cells, purification and sequencing.
Belonging to the species has been proven by the PCR
method with the obtaining of an amplicon of 347 bp,
which corresponded to the positive control band. The
virus antigens have been detected in three samples of
20% skin homogenate suspension (in dilutions from
1:320 to 1:5), as well as in two blood samples (in di-
lutions of 1:2). In the culture of lamb testicle cells, the
activity of the viral antigen was higher and was read in
dilutions of 1:320-1:128. Antibodies have been identi-
fied in 6 blood samples out of 9 analysed (in dilutions
of 1:400-1:100). The presence of virus antigens in the
infected material as well as antibodies in blood serum
has additionally been confirmed by a diffuse ELISA test.
It was possible to cultivate the viral particles in a mon-
olayer of lamb testicular cells. The virus titer increased
with each subsequent passage. To purify the virus, the
conditions of gradient centrifugation in a 30% sucrose
solution have been optimized.

Thus, it was possible to isolate a lumpy skin dis-
ease virus isolate from the biomaterial of diseased,
fallen animals, which was named Dermatitis nodularis
bovum/2018/Kostanay/KZ. An isolate of lumpy skin dis-
ease virus was sequenced by genome-wide sequencing
on the Illumina MiSeq platform.The collected sequence
of lumpy skin disease virus is characterised by a length
equal to 145865 bp and a coating of 80.86. BLASTN
alignment resulted in a separate clade with contig
identification as nodular dermatitis virus with a homol-
ogous similarity percentage of 99.36%. The resulting
sequence was deposited in the GeneBank internation-
al database. At the last step strain Dermatitis nodula-
ris bovum/2018/Kostanay/KZ of the lumpy skin disease
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AHoTauif. BugBneHHs HOBUX LWTaMiB Bipycy [03BOMMTb 3anobirt po3BWMTKY chanaxiB 3aBAsKM po3pobui Ta
BMKOPWCTAHHIO BaKLMH. MeToto poboTu Byno BMAiNEHHS Ta CEKBEHYBAHHS reHOMa Bipycy 6yrpucToi WKipy 3 eni3ooTii
B KocraHancbkin obnacTi. leHeTUYHUII MaTepian BipioOHiB ifeHTUhIKOBAaHO METOLOM MONiMepasHoi NaHLIroBoi
peakuii (IJIP); BipyCHi aHTUreHW Ta aHTUTINA OO HUX BWM3HAYeHi MeToAoM iMyHodepMeHTHoro aHanizy (IMA)
abo audysirHoro Tecty; ANS HAaKOMUYEHHS MaTepiany BipyC Ky/lbTUBYBANM B MOHOKJIOHAX K/ITUH SIEHOK SITHATH;
CeKBEHYBAHHS HOBOIO MOKOJiHHS BUKOHAHO 3a AonoMorok cuctemu MiSeq System Ta nporpaMHoro 3abesneyeHHs
FastQ; npuHanexHicTb WTaMiB BcTaHoBAeHO MeTonoM BLASTN-BupiBHioBaHHsA. CrneundiyHi amMnnikoHu Bipycy
LLOBXWHOI 347 n.H.6ynu BUSBNEHI B 3pa3Kax LWIKipW, ane He BUSBNEHI B KPOBI. Y LWKipHOMY MaTepiani Ta 2-3 nacaxax
MOHOKJ/IOHaNIB iAeHTUdiKYBanu aHTUreHn B po3BefeHHax 1:5-1:320; MeHWy aHTUreHHY aKTWBHICTb BMSBIEHO B
KpoBi B po3BegeHHi 1:2.Y BianoBigb Ha 36yaHuKa y 67 % [OCNiOXEHUX TBAPUH Y CUPOBATLL KPOBI CMHTE3yBanucs
cneumdivHi iMyHornobyninu, ski Buaenanuca B posepeHHsx 1:100-1:400. BipycHuit mMaTepian HakonmuuyBanu B
MOHOK/IOHAX i BUAINAAM B rPaAieHTi caxapo3n. [ToOBHOreHOMHa NOCiA0BHICTb OTPUMAHOro MaTepiany niaTeepamna
BMiNIEHHS HOBOIO LUTAMY BipyCy HOAYASAPHOTO AepMaTUTY 3 BiACOTKOM MOAIOHOCTI A0 Haibauxumnx romonoris 99,66
%. LLItam oTpumaB Ha3By Dermatitis nodularis bovum/2018/Kostanay/KZ; nocnipoBHicTb 6yna nogaHa oo GeneBank, i
00ekT 6yB AenoHoBaHwmi y Konekuii MikpoopraHi3miB nig, iHBeHTapHUM HoMepoM M-9-21/D. OTpumaHa iHdopmaLis
Moxe ByTv BUKOpUCTaHa AN 3anobiraHHs NOWMpeHHI0 BOTHUL, iHdeKLii BenmKoi poraTtoi xynobu

KniouoBi cnoBa: 6GiomaTepian; cekBeHyBaHHA; 30ipka; noniMepa3Ha JflaHUlroBa  peakuis;  Bipyc;
[e30KCMPUBOHYKNEIHOBA KMCIOTa
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