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SUMMARY

Classical swine fever (CSF) is a highly dangerous porcine disease. CSF outhreaks are annually notified in several countries. Despite the availability of specific pre-
vention tools, the disease spread risk still persists both at country level and at world level. Hence, the disease surveillance and eradication require highly sensitive
methods for early diagnosis of the infection and for tests for the virus circulation in the environment. Development of up-to-date diagnostic methods is based
on well-established virus cultivation system; therefore, CSF virus reproduction enhancement, tests of new cell lines without endogenous contamination for their
possible use are still of current importance. The said study was aimed at testing of primary and continuous cell cultures for their susceptibility to classical swine
fever virus (vaccine virus strains and some field virus isolates recovered in the Russian Federation) and detection of the virus reproduction dynamics with real-time
polymerase chain reaction with fluorescent hybridization probes used for detection. Virus replication intensity in primary and continuous cell cultures was also
analyzed. The CSF virus was found incapable of replicating in some cell cultures without its preliminary adaptation. Primary porcine and lamb testicle cell cultures
grown in minimal essential medium supplemented with 10% normal CSFV-negative porcine serum instead of fetal bovine serum were shown to be useful for the
virus accumulation, both for vaccine strains and field isolates. Cultivation parameters and optimal minimal essential medium composition contributing to the
4-10-fold increase in the virus accumulation both in primary and continuous cell cultures were determined.

Keywords: classical swine fever (CSF), CSF virus isolates, vaccine virus strains, cell cultures, real-time reverse transcription-polymerase chain reaction (RT-PCR)
with fluorescent hybridization probes used for detection, directimmunofluorescence test
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PE3IOME

Knaccuyeckas uyma cBUHeil OTHOCUTCA K 0€060 ONacHbIM 60NE3HAM 3TOTO BUA KUBOTHbIX, BCbILIKM KOTOPOI £KEroAH0 HOTUGULMPYIOT B pAde cTpaH. HecmoTps
Ha Hanuuue CPEACTB CreLuduueckoil NPodUAAKTUKM, ONACHOCTb PACTPOCTPaHeHNs 3a60eBaHIA B OTAENLHOI CTPaHE UM BO BCEM MIIE B LENIOM COXPAHAETCA 40
QX nop. B (A3 ¢ 5TM NPUMEHEHIE BbICOKOUYBCTBUTENbHBIX METOL0B PaHHet NarHOCTUKIA MHOEKLMM 1 OMpefieNieHine HanuymA LpKy AL BUPYCa B Npupoje
ABNAOTCA HEOOXOAVMbIMU NPY HAZ30PE 1 SPAMKALIN aHHO Gone3Hn. Pa3paboTka HOBEiLLMX METO/I0B AMArHOCTUKI ONMPAETCA Ha XOPOLLIO Pa3paboTaHHyio
QACTEMY KyNbTVIBUPOBAHIA BUPYCA, N03TOMY NOBbILLEHUE YPOBHS PENPOAYKLIN BUPYCA KNACCUYECKOI YyMbl CBIHEH, U3yyeHine BO3MOXKHOCTI UCTIOIb30BAHMA
HOBBIX, JIALLEHHbIX JHAOTEHHOI KOHTAMUHALIMM NMHUIA KNETOK A0 CUX 0P 0CTAETCA BeCbMa akTyasbHoi 3agaueit. [laHHas pabota nocBALEHa U3yUeHuio YyBCTBI-
TeJIbHOCTM NEPBUYHbIX 1 MIEPEBUBAEMbIX KYNIbTYP KNETOK K BUPYCY KNACCUECKOit YyMbl CBUHE! (BaKLMHHbIX LUTAMMOB 11 PAAiA NONEBbIX U30NATOB, BblAENEHHbIX Ha
TeppuTopuy Poccun) ¢ AeTeKwmeit AMHAMUKY €ro penpoayKLMM NI NOMOLL NOAMMEPA3HOI LieNHOI peakLim ¢ rOPUAN3ALMOHHO-GAYOPECLEHTHOI AeTeKLMell
B PEXVMe peanbHoro BpemeHit. Takie NPOBeeH aHaNu3 MHTEHCUBHOCTI PENPOJYKLMN BIUPYCa B MEPBUYHBIX 1 NEPEBUBAEMbIX KYNIbTYpax KIeToK, pi 3T0M
YCTAHOBMEHO, YTO BUPYC KNACCUYeCKOi YyMbl CBUHEN He 00/1a1aT COCOBHOCTbIO K Pa3MHOMXEHNI0 B HEKOTOPbIX U3 HIX 663 npeBapuTesbHoit agantaumm. No-
Ka3aHO, 4TO ANA HAKOMIIEHNA BIUPYCA KaK MONEBbIX M30ATOB, TaK 1 BAKUMHHbIX WTAMMOB LieNIec006pasHo NPUMEHATD NMEPBUYHbIE KYNLTYPbI KNETOK TECTUKYN
CBUHBY 1 TECTUKYN ATHAT NpU J06ABIEHUM B IUTaTeNbHYI0 cpeay 10%-ii HOpManbHOI CepOHEraTUBHON K BIPYCY KNIACCYECKOi YyMbl CBUHEI! CbIBOPOTKY CBUHBY,
a He GeTanbHoii Gblubelt cbIBOPOTK. OnpeseneHbl napameTpbl KyNbTUBIPOBAHIA U OMTUMAbHbI COCTAB NOAAEPKUBAIOLLWX NATATENbHbIX CPEA, UCMONb30BaHME
KOTOPbIX CMOCOBCTBYET yBENMUEHIIO HaKONNEHNA BUpYca B 4—10 pa3 Kak B NepBUYHBIX, TaK U B IEPEBUBAEMBbIX KY/IbTypaX KNETOK.

KnioueBbie cnoBa: Knaccuueckas yma CBUHE, U30MATbI BIIPYCa KNACCYECKOI UyMbl CBUHEN, BAKLMHHDIE LUTAMMDbl, KyNIbTYpbl KNETOK, 06PaTHO-TpaHCKpHTas-
Has nonMMepa3Has LienHas peakLina ¢ rnopUAM3aLNoHHO-GNYOPECLIEHTHOI AETEKLVell B peXUME PEaibHOr0 BpeMeHH, peakLyua npamoii IMMyHodyopecLeHLun
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INTRODUCTION

Classical swine fever (CSF) is a highly contagious infec-
tious disease characterized by fever, blood-vascular sys-
tem, respiratory and gastrointestinal tract disorders, high
morbidity and lethality in domestic pigs and wild boars [1].

According to the World Organization for Animal
Health (OIE) data for 2021, only 38 countries located in
different continents are CSF free, there are CSF free zones
in three countries. CSF situation in Asian and South Ame-
rican countries are complicated.

In the disease-affected countries, CSF causes signi-
ficant economic losses in pig industry due to decreased
animal performance or animal deaths as well as manda-
tory stamping out carried out for the disease outbreak
eradication. Successful pig industry development requires
permanent improvement of the available diagnostic test
methods, scientifically justified approaches to this highly
dangerous disease control and prevention [2-3].

Modern diagnostic methods are essential tools for the
agent detection and study of the infectious process prog-
ression features in the infected territory. Based on the
analysis of currently used methods, they can be classified
by either detection target (detection of virus, antigens, an-
tibodies and genome analysis) or test purpose (detection,
identification, monitoring, retrospective diagnosis, etc.) [3].

The following main methods are used for CSF virus and
CSFV antigen detection: virus isolation in cell cultures fol-
lowed by detection with direct immunofluorescence
test (DIFT), immunohistochemistry (IHC), polymerase
chain reaction (PCR) and, of course, bioassay in susceptible
animals. Indirect immunofluorescence test (IIFT) is used
for retrospective diagnosis and enzyme-linked immuno-
sorbent assay (ELISA) is used for virus-specific antibodies
detection [4-5].

In case of CSF suspicion, the disease is finally diag-
nosed with laboratory tests demonstrating presence of

VETERINARY SCIENCE TODAY. 2022; 11 (2): 149-155 | BETEPUHAPUA CETOAHA. 2022; 11 (2): 149-155



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHAJNIbHBIE CTATbY | BUOTEXHONOT UA

the agent/genome or specific antibodies when the ani-
mals were not vaccinated against CSF [6].

Generally, two or three serial passages in various prima-
ry or continuous CSF-susceptible cell cultures are required
to increase the pathogen amount in order to overcome
sensitivity limit of the diagnostic method used for testing
of the sample for the virus [7].

Since the CSF virus has no destructive effect on cells, an
additional detection method is used for rapid detection
of CSF reproduction in the culture, for example, such as
real-time reverse transcription polymerase chain reaction
(rtRT-PCR) [8].

Bioassay in susceptible animals is often used for CSF
virus isolate diagnosis and tests of CSFV isolates for their
biological properties at research laboratories [9].

Virus isolation by inoculation of the potentially virus-
containing material in susceptible cell culture is generally
used for tests for viable virus. As CSF virus is capable of rep-
licating in continuous porcine kidney cell culture (PK-15),
swine peripheral blood leukocyte (PBLs) culture, porcine
splenocyte (PS) culture, porcine bone marrow (PBM) cell
culture, the CSF virus isolation is carried in one of the said
cultures [10].

Since CSF virus does not induce any apparent cytopa-
thic effect (CPE) during its reproduction in different cell
lines, additional method is required for detection of the vi-
rus reproduction, for example, directimmunofluorescence
test (DIFT) or RT-PCR.

Cell cultures are also used for CSF virus accumulation
for diagnostic purposes (for antigen scaling-up and analy-
sis of the genome structure, etc.). However, there are some
disadvantages when CSF virus is scaled up in primary cell
cultures: tissue cell culture preparation is laborious, cell
source for the culture preparation is not standardized
that hampers reproducibility of individual experiment
results, etc.

New effective CSF virus cultivation systems are selec-
ted for standardization of diagnostic, virological and mole-
cular-biological tests that allow stable virus antigen and
genome accumulation up to the large amounts [11-12].

Owing to live attenuated vaccine development and im-
proved methods for CSF virus cultivation in different cell
lines, CSF virus can be successfully accumulated in vitro
in continuous porcine kidney cell line (IBRS), lamb tes-
ticle (LT) cell line, porcine kidney (PK) cell line, etc. [13-14].

Nevertheless, high-quality reproduction system deve-
lopment requires solving of the problems associated with
the primary cell cultures used for virus-containing material
scaling up for research purposes, or CSFV adaption to re-
production in continuous cell lines [11].

Use of the CSF virus preliminary adapted to growth in
continuous cell culture lines could be helpful for partial
overcoming of the said challenges and significantly simp-
lifies cultivation process and standardizes the results of
many diagnostic and experimental studies, but the num-
ber of adapted virus strains is limited [13, 15].

New CSF virus isolates are analyzed for their repro-
duction levels by cultivation in cell cultures that allows
their biological properties to be determined and the
virus-containing material to be accumulated for the vi-
rus genome extraction widely used for the determination
of the agent relationship and possible disease spread
routes [16].

The study was aimed at selection of the virus strains
having high replication rates in vitro and testing of CSF
virus strains for their reproduction properties in different
cell cultures.

MATERIALS AND METHODS

The following CSF virus strains were used:
- “Sinlak” vaccine strain prepared from lapinized

“K” strain through intermittent passages in PK-13, A,C, cell

cultures and adult rabbits (the strain was provided by the
Laboratory for Porcine and Horned Livestock Diseases of
the FGBI“ARRIAH");

—“CSF Amur 19-10/WB-12555" strain isolated from wild
boar in the Amur Oblast in 2019;

- reference “Shi-Mynn” strain at 48" passage in pigs.

The following cell cultures obtained from the Cell Cul-
ture Unit of the FGBI “ARRIAH” Innovation Department
were used for tests of different cell cultures for their sus-
ceptibility to CSF virus: primary cell cultures (PK - porcine
kidney, PT - porcine testicle, LT - lamb testicle cell cultures)
and continuous cell cultures (PEK - porcine embryo kidney,
PSGK - Siberian ibex kidney, SSs - porcine spleen (a sub-
culture, underwent more than 70 passages), IBRS - porcine
kidney cell cultures).

The following medium was used as a minimal essen-
tial medium (MEM) for CSF virus cultivation in different
cell cultures: Eagle-MEM prepared according to the
FGBI “ARRIAH" procedure, supplemented with 10% fetal
bovine serum and containing 50 pg/cm? of gentamycin,
2.5 mg/1,000 cm?® of amphotericin B and 0.3 mg/cm? of
glutamine.

Confluent and subconfluent cell monolayers were in-
fected with CSF virus at multiplicity of infection of at least
0.1-1.0 CCID, /cell.

The cell cultures were infected as follows:

1. Infection without adsorption - the virus was ino-
culated in culture flasks containing completely formed
monolayer of 2-3-day-grown primary and continuous
cell cultures.

2. Infection without adsorption - the cell culture was
inoculated with the virus and left at 37 °C for 60 minutes,
then, a required amount of the minimal essential medi-
um was added to the culture flask. The flask with unin-
fected cell culture where the minimal essential medium
was changed only served as control. The cell culture was
daily observed for changes and detachment of the cells
from the flask walls under CKX41 PhP FL US50 inverted
laboratory microscope with binocular tube (Olympus,
Japan).

3. Infection with minimal essential medium changing -
Eagle-MEM supplemented with 10% normal porcine se-
rum (freshly prepared and frozen serum was used for com-
parative testing) was used as a minimal essential medium.
The medium was changed before cell culture infection by
adding of 10 mL of Eagle-MEM containing 10% normal
porcine serum.

The cell culture-containing plastic flasks with 25 cm?
growth surface (T25) were incubated in thermostat or
in CO, incubator at (37 + 2) °C for 72-96 hours. Then, the
following samples were taken from the culture flasks for
testing with rtRT-PCR:

- from culture medium, at least 100 pL;
- from cell suspension, at least 100 L.
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Table 1
Results of rtRT-PCR tests of culture fluid and cell suspension samples collected
on day 3-4 of CSF virus cultivation in primary and continuous cell cultures (n = 3)

Average (t*
CSF virus strain Cell culture
for cell culture for cell suspension
PK 16.4 18.27
PSGK 18.25 20.01
“CSF Amur 19-10/WB-12555"
PEK 19.66 21.48
SSs 15.52 17.02
PK 17.83 19.11
PSGK 17.63 19.64
“Shi-Mynn”
PEK 17.94 19.86
SSs 15.85 17.19

* Average Ct value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

— negative result — Ct value is absent.

Table 2

Results of rtRT-PCR tests of culture fluid samples collected during CSF virus cultiva-
tion in primary and continuous cell cultures when the cell monolayer was infected
with or without adsorption (n = 3)

CSF virus strain Cell culture | 10 ylation without | inoculation with
adsorption adsorption
SSs 16.27 20.91
PK 16.22 16.26
“CSF Amur 19-10/WB-12555"
PEK 13.76 17.74
PSGK 15.18 15.50
SSs 10.78 10.82
PK 12.97 14.37
“Shi-Mynn”
PEK 16.03 16.51
PSGK 12.14 1217

* Average Ct value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

- negative result — Ct value is absent.

The subsequent passaging was carried out by direct
transfer of the virus-containing suspension to fresh cell
culture or after thrice freezing-thawing of the culture fluid
of the previous passage.

In case of absence of apparent CSFV-induced cytopa-
thic effect the samples were tested for the virus and virus
antigen with direct immunofluorescence test in accor-
dance with the “Methodical Guidelines for classical swine
fever virus isolation in different cell cultures followed by

the virus identification with immunofluorescence test”[17],
or for the virus RNA with rtRT-PCR in accordance with“Me-
thodical Guidelines for classical swine fever virus isolation
in primary cell cultures (PS, PBM, PK, PT, LT) followed by
the virus identification with real-time polymerase chain
reaction including detection using fluorescent hybridiza-
tion probes”[18].

RESULTS AND DISCUSSION

Comparative analysis of virulent “CSF Amur 19-10/
WB-12555" strain and reference “Shi-Mynn” strain as well
as vaccine “Sinlak” strain accumulation levels was carried
out for determination of CSF virus replication peculiarities
in primary and continuous cell cultures.

The replication rate was estimated based on the time of
maximum virus release in the minimal essential medium.
For this purpose, culture fluid and cell monolayer sam-
ples collected on day 3-4 of cultivation were tested with
rtRT-PCR (according to the test-kit manufacturer’s instruc-
tion) providing that the highest cycle threshold (Ct) values
correlated to the minimum CSF virus accumulation [19].

The test results given in Table 1 show that more than
90% of the virus-containing material were found in the
culture fluid rather than in the cells on day 3-4 of the
CSF virus cultivation. Maximum virus accumulation with
the virus release in the minimal essential medium was ob-
served in PKand SSs cell cultures.

At the next stage, two methods for cell infection: virus
inoculation directly to the minimal essential medium and
virus inoculation with adsorption on the cell monolayer
for one hour were analyzed for their effectiveness. Accu-
mulation levels were assessed with rtRT-PCR based on Ct
values as in previous tests.

Based on the data given in Table 2 there were no sig-
nificant differences in the virus accumulation in the cell
culture when the virus-containing material was inoculated
with adsorption on monolayer and directly to the minimal
essential medium. The only one significant difference was
observed for“CSF Amur 19-10/WB-12555" strain during its
replication in SSs cell culture when Ct value was 20.91 in
the cells infected with adsorption and 16.27 in the cells
infected without adsorption.

Thus, analysis of the results of cultivation in four diffe-
rent cultures showed that effectiveness of the cell culture
infection by CSF virus inoculated with adsorption on the
cell monolayer was higher by 8.8% as compared to the
infection by CSF virus inoculated directly to the minimal
essential medium.

Ten percent inactivated normal porcine serum was ad-
ded to the minimal essential medium to enhance the cell
culture regenerative capacity and to increase the number
of the cells attached to the culture flask walls. CSFV “Sinlak”
vaccine strain was additionally used for comparative tests
of the virulent CSFV strains.

Before the experiment and data analysis, “Sinlak” vac-
cine strain of CSF virus was subjected to three serial pas-
sages in primary PT and LT cell cultures to achieve desired
Ct values (10-12) when it was tested with rtRT-PCR. Then,
the virus was accumulated in the minimal essential medi-
um supplemented with 10% inactivated normal porcine
serum and parallelly in minimal essential medium sup-
plemented with 10% fetal bovine serum for comparative
analysis.
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Analysis of the data given in Table 3 shows that CSF vi-
rus replication rate was the highest when the nutrient me-
dium was changed and supplemented with 10% normal
porcine serum. Significant decrease in Ct values indicative
of increase in the virus titres was observed under the said
conditions both for virulent and vaccine CSF virus strains.

Ct values detected with rtRT-PCR were found to be the
lowest in primary PT and LT cell cultures (for the vaccine
strain), that correlated with the higher virus accumulation
in the said cell cultures. The said correlation was observed
for both vaccine and virulent virus strains. Analysis of Ct
values for the samples taken from PK and IBRS cell cultures
allows us to conclude that these cultures are ineffective
for the virus accumulation, therefore, CSF virus requires
preliminary adaptation to these cell cultures.

Thus, PT cell culture was found to be 58% more effec-
tive for CSF virus accumulation (virulent strains and vac-
cine strain) as compared to LT, PK and IBRS cell cultures.

In subsequent experiments, the effectiveness of the
freshly prepared and frozen normal pig sera use in the
minimal essential medium changed during the cultivation
was compared.

Test results showed that the highest Ct values were de-
tected with rtRT-PCR when the frozen porcine serum was
used. However, it cannot be excluded that freshly prepared
porcine serum used in this experiment could contain
alarge number of anti-CSFV antibodies and, consequently,
reduced the virus replication rate. Hence, porcine serum
should be tested for anti-CSFV antibodies with ELISA prior
to its adding to the minimal essential medium.

According to the results of the set of experiments, it
was found that the CSF virus demonstrated the best re-
productive properties in the primary PT cell culture, the
average cycle threshold (Ct) value was 12.89 when the said
cell culture was used.

CONCLUSION

Since diagnosticum development requires accumula-
tion of CSFV antigen and genome in large amounts, the
main goal of the study was to achieve high CSF virus re-
production in cell culture. Maximum CSFV accumulation
with the virus release in the minimal essential medium
was registered on day 3-4 of cultivation. The virus ino-
culation of the cell culture with adsorption was found to
be ineffective. It is reasonable to add 10% porcine CSFV
antibody-negative sera instead of fetal bovine serum.

Based on the tests of vaccine and virulent CSFV strains
for their reproductive properties in primary and conti-
nuous cell cultures, the following strains are selected for
further development of diagnostica: the “Sinlak” vaccine
strain that demonstrated effective accumulation in PT and
LT cell cultures when the minimal essential medium was
supplemented with 10% normal porcine serum and viru-
lent “CSF Amur 19-10/WB-12555" strain originating from
the isolate recovered from a wild boar in the Amur Oblast
of the Russian Federation in 2019 that better accumulated
in PT cell cultures.

Genetic analysis of these CSF virus variants is required for
determination of unique genetic markers allowing differen-
tiation between CSFV strains and isolates for further tests
of the selected strains for their use for diagnostic purposes.

In the above context, it should be noted that the deve-
lopment of DIVA strategy as an improved tool that can be

Table 3

Results of rtRT-PCR tests of culture fluid samples collected during CSF virus cultivation
in primary and continuous cell cultures with or without changing of minimal essential
medium supplemented with 10% normal porcine serum (n = 3)

Average Ct*
CSF virus strain Cell culture it MEM cha
changing
PT 9.41 8.22
“Sinlak” T 1218 14.29
PK 23.84 21.93
PT 11.09 10.69
“CSF Amur 19-10/WB-12555" PK 14.98 14.52
IBRS 16.56 16.10
PT 8.08 7.7
“Shi-Mynn” PK 1237 nn
IBRS 13.83 13.74

* Average (t value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

— negative result — Ct value is absent.

Table 4

Results of rtRT-PCR tests of culture fluid samples collected during CSF virus cultivation
in primary porcine testicle and lamb testicle cell cultures in the minimal essential
medium supplemented with freshly prepared or frozen 10% porcine serum (n = 3)

CSF virus strain Cell culture when freshly when frozen
prepared porcine porcine serum
serum was added was added

) 17.57 13.26
“Sinlak”
PT 16.48 11.16
“CSF Amur 19-10/WB-12555" PT 15.63 1471
“Shi-Mynn” PT 15.09 12.08

* Average Ct value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

— negative result — Ct value is absent.

successfully used in CSF-enzootic countries for CSFV circu-
lation monitoring as well as in CSF-affected countries for
minimization of the virus spread and economic losses in
case of the disease outbreak is critical for CSF eradication
and spread control.
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Kon6bun Mean CepreeBmd, acnupaHT, Begywmin 6Guonor
pedepeHTHOW nabopaTopunt No adpuKaHCKON Yyme CBUHEN
OIBY «BHU3X», . Bnagumup, Poccus.

Wronkux Anekceli CepreeBmny, KaHanAAT BETEPUHAPHbBIX HayK,
3aBepyoWwuii pepepeHTHON NabopaTopuen No apprikaHCKom
yyme cBuHein OrbY «BHUN3XK», r. Bnagnmup, Poccus.

FaBpunosa Bepa JIbBoBHa, KaHAWAAT OMONOIMYECKNX Hayk,
Hay4HbI COTPYAHVIK pedepeHTHO nabopaTtopn No adppriKaHCKo
yyme cBuHeln OrBY «BHUN3X», r. Bnagumup, Poccusa.

MysaHkoBa Onbra CepreeBHa, KaHAUAAT BETEPUHAPHDBIX HaYK,
CTapLUIMI Hay4HbIVi COTPYOHUK pedepeHTHOI nabopatopum no
adpuikaHcko yyme cBuHein OrbY «<BHU3X», r. Bnagumnp, Poccusa.

ApoHosa EneHa BnagumunpoBHa, KaHanAaT bruonornyeckmx
HayK, CTapLUWIA HayYHbIi COTPYAHVK pedepeHTHO nabopaTopum
no appukaHckon uyme cauHeinnt OrbyY «BHUN3XK», r. Bnagnmup,
Poccua.

EncykoBa AnekcaHppa AHppeeBHa, KaHAMAAT OMONOrMYeckux
HayK, HayuHblli COTPYAHUK pedepeHTHON nabopatopuu no
adpukarckoi uyme carHern OIBY «BHUN3XK», r. Bnagumup, Poccus.
Bnacoea Hatanba HukndopoBHa, AOKTOP 6V10N0OrMYecKmx Hayk,

rMaBHbIN Hay4HbIA COTPYAHMK pedepeHTHON nabopaTtopum no
adpukarckoi uyme carHern OTBY «<BHUN3XK», r. Bnagnmup, Poccus.
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