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SUMMARY

One of the measures used to control and prevent African swine fever spread in the Russian Federation involves testing pig and boar sera using inter alia serological
tools based on enzyme-linked immunosorbent assay (ELISA) for anti-viral antibody detection. However, there is no unified requlatory document specifying storage
conditions for sera used in the ELISA for anti-ASFV antibody detection. There are also lack of published data on the maximum admissible shelflife of the pig sera, and
the effect of storage conditions on the serological status of the pig sera as for ASF is understudied. The paper demonstrates results of the experiment aimed at the
determination of the effect of storage temperatures and shelf life on the serological status of ASFV seropositive and seronegative pig sera when tested by INgezim
PPA Compac (Ingenasa, Spain) ELISA as well as on the possibility of false results. During the experiment and analysis of its results, the new data were obtained, and
they indicated from none to non-significant effect of the simulated storage conditions on the serological status of sera used for ASFV detection, while hemolyzed
sera demonstrated more significant changes proportional to hemolysis degree and storage duration. Although the results of detection of antibodies against the
agents of some diseases cannot be used in case of other pathogens, this study has a substantial applied significance as it allows to specify the dependence of the
valid results of ASF serodiagnosis on the storage conditions of the samples.
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PE3IOME

0OnHoit 13 mep 6opb6bl ¢ pacnpocTpaHeHreM 1 NpodunakTUKK adpuKaHCKoi uymbl cBUHed B Poccuiickoit Degepaunn ABNAETCA NpoBefeHie UCCed0BaHNIl
npo6, 0T6upaemblx 0T CBUHeli 1 KabaHOB, B TOM YMCNe CEPONOTUYECKUMU METOAAMU C UCMIONb30BaHWEM UMMYyHOdepMeHTHOro aHanu3a (MDA) ana kauecTaeH-
HOro OnpeseneHna CofepXKaHNA aHTUTeN K Bupycy. lpu 3Tom B HacToALLee BPeMA Ha TePPUTOPUIN CTPaHbI He CYLLeCTBYET HOPMATUBHOTO JOKYMEHTa, perna-
MEHTUPYHOLLero YCoBYA XpaHeHN!A Npo6 cbIBOPOTKY KpoBU AnA nocTaHoBku VIOA npu onpedenexum cofepxanua aHtuten K Bupycy AYC. Takxe oTcyTcTByloT
NUTEpaTypHbIe AaHHbIE 0 MAKCUMANbHO AOMYCTUMOM CPOKe XPaHeH!A Npob cbIBOPOTKM KPOBY CBUHEIA, @ BAMAHME YCNOBMIl XpaHEHUA Ha CEPOIOTYECKHIA CTaTYC
CbIBOPOTOK KPOBI JOMALLIHUX CBUHEA B 0THOLLeH AYC u3yueHo HeoCTaTouHo. B cTaTbe NpefcTaBneHbl pesynbratbl SKCNepuMeHTa no onpeaeneHuio BuaHuA
TeMNepaTypHbIX PeXMMOB 11 ANUTEALHOCTY XPAHEHUA CePONO3UTUBHDIX 1 CEPOHEraTUBHDIX B OTHOLeHNM Bipyca AYC CbIBOPOTOK KPOBU JOMALLHUX CBUHEI
Ha UX CepoMorINYecKmil CTaTyc npu noctaHoBke TecT-cuctemoii INgezim PPA Compac (Ingenasa, Vicnanua) ana teepaodastoro QA u BepoATHOCTM nonyyeHunsa
NIOXHbIX pe3ynbTaToB. B xoze BbinonHeHnA paboTbl 1 aHann3a pesynbTatos NonyyeHbl HOBble AaHHble, CBIAETENbCTBYIOLLME 00 OTCYTCTBUM UM HE3HAUUTENbHOM
BNUAHUN MOAENMPYEMbIX PEXUMMOB XpPaHeHuA Ha onpe/ieNieHie CepoNornYeckoro CTaTyca kauecTBeHHbIX MPpob CbiIBOPOTOK KpOBY B 0THOLLEeHMH BUpYca AYC, B To
Bpems Kak reMoN31poBaHHble Npo6bl nokasanu 6onee 3ameTHoe 3MeHeHWe, NPONOPLMOHANbHOe CTEMeHU remMonn3a 1 AUTENbHOCTI XpaHeHua. Hecmotpa
Ha TO YTO NMONyYeHHbIe Pe3yNbTaThl N0 06HAPYKEHINI0 aHTUTEN K Bo30YANTENAM 0ZHMX Gone3Heil He NpUMeHNMbI ANA APYTiAX NAaTOTEHOB, AAHHOE CCNIef0BaHMe
IIMEET CyLLeCTBEHHOE NPUKNASHOe 3HaueHUe, N03BONAA YCTAHOBUTD 3aBUCUMOCTb NONyYeHUA JOCTOBEPHbIX pe3yNbTatos npu cepoanarHoctuke AYC ot ycnosuii
XpaHeHusA npod.

KnioueBble cnoBa: adpukaHcKas yma CBUHeN, UIMMyHoGEPMeHTHBIN aHanu3, CbIBOPOTKa KPOBM, YCTIOBUA XpaHeHNA

bnaropapHocTb: UccnesoBaHue BbINoNHEHO 3a cueT CPeACTB GefepanbHoro blofxeTa B pamMKax NpoBeLeHNa HayuHo-MCCnefoBaTeNbCKIX paboT no Teme:
«[TpoBefieH1e NpuKNagHbIX HayuHbIX nccnesoBanmit» (13 Ne 081-00010-19-00 ot 28.12.2018).
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INTRODUCTION

African swine fever (ASF) is a contagious viral disease
of domestic pigs and wild boar, manifested in susceptible
animals as a hemorrhagic fever with a mortality rate of up
to 100% [1]. The virus reservoirs are warthogs, bush and
wild pigs, ticks of the Ornithodoros genus. The disease has
a disastrous effect on pig farming as a whole, including
establishments of all forms of ownership (starting from
backyards to commercial industrial pig farms), leading to
severe socio-economic consequences and compromising
food security of the infected territory [2, 3].

African swine fever was first described by R. Montgo-
mery in Kenya in 1921. Subsequently, ASF outbreaks were
reported in most countries in Southern and Eastern Africa.
In 1957, the porcine disease caused by the ASF virus was
first registered in Europe. By mid-2020, the ASF virus was
reported on the African, European and Asian continents,
the Malay Archipelago and in the countries of Oceania [4].

To date, commercially available means of ASF specific
prevention have not been developed. In this regard, the
only way to control the disease is to implement a set of
preventive measures, early diagnosis using modern and ac-
curate methods, killing of infected and risk animals and in-
troduction of strict restrictive measures (quarantine) [5, 6].

One of the measures to control ASF spread and preven-
tion in the Russian Federation is to conduct monitoring
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tests [7] and quarantine tests (before shipment and/or
when introducing new animals from/to farms), including
serological methods using enzyme-linked immunosor-
bent assay (ELISA) for qualitative measurement of the
viral antibodies in porcine sera [8, 9]. To date, there are
many commercial ELISA test kits. One of the kits used in
the FGBI“ARRIAH" Reference Laboratory for ASF is INgezim
PPA Compac (Ingenasa, Spain) kit, which, according to va-
rious authors, has a 98 to 100% specificity.

According to H. C. Bergeron et al., false-positive results
may be associated with poor sample quality [10]. Accor-
ding to the instructions for the INgezim PPA Compac kit
and the recommendations of the World Organization for
Animal Health (OIE), the use of hemolyzed or contamina-
ted samples can lead to false-positive results in ELISA. As
indicated in the Guidelines of the Food and Agriculture
Organization of the United Nations (FAO), sera should be
tested immediately after collection or put to storage at a
temperature below minus 20 °C before testing, since an
accurate diagnosis can be made only when the samples
are in satisfactory condition [11].

However, according to the results of L. Mur et al. [12],
when testing 158 sera samples using the INgezim PPA
Compac kit, among which 49 were moderately and 28
were extensively hemolyzed, 11 gave a false-positive
result and 6 were inconclusive. At the same time, there
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was no correlation between hemolysis and false-positive
results.

Based on general recommendations, itis known, that not
frozen serum should be delivered to the diagnostic labora-
tory during the first 24 hours and in exceptional cases — no
later than the third day after blood collection [11, 13, 14].

Current veterinary and sanitary rules of the Republic of
Belarus regulating the procedure of serum and blood plas-
ma collection allow freezing of samples and transportation
of frozen samples. If it is not possible to freeze the serum
and plasma samples, it is allowed to store and transport
them at a temperature of 2 to 6 °C within no more than
48 hours after sample collection [15].

For serological testing, it is allowed to send whole blood
to the laboratory without separating the serum, provided
(difficult to implement) that it will not be shaken and will
not undergo hemolysis on the way [16].

In the laboratory, the serum (without a clot) is stored
in refrigerators at a temperature of (5 + 3) °C for no more
than 7 days before testing. For longer storage, the serum
should be frozen at minus 20 °C or lower. Re-freezing of
serum is not allowed [14].

It should be noted that currently there is no regulation
in the Russian Federation regulating the conditions of se-
rum sample storage for ELISA testing when determining
the level of ASFV antibodies. Such standards are avail-
able, in particular, for brucellosis, where phenol or boric
acid preserved serum samples are suitable for testing for
30 days, frozen samples - for 3 days after single thawing.
Cloudy, bacteria and fungi contaminated, hemolysed
blood sera are not suitable for testing for brucellosis [17].

To date, only the storage conditions for organ and
blood samples are available, which are stored and trans-
ported in an insulated container at a temperature of 4 to
8 °C within no more than 24 hours after collection. For lon-
ger storage, the samples should be frozen [13].

There are no published data on the maximum permis-
sible period for porcine serum sample storage, during
which 95% of samples will demonstrate unchanged sero-
logical status when tested by ELISA. This parameter was es-
tablished for samples containing antibodies against some
other viruses, for example, against the hepatitis D virus;
the analyte stability in serum at a temperature of 4 to 8 °C
is 4 weeks, from 20 to 25 °Cis 5-7 days [18].

The effect of storage conditions on the serological
status of domestic pig sera for ASF testing has not been
sufficiently studied. There are some published works on
studies of the temperature effect (50 °C, 4 °C, minus 10 °C,
freezing - thawing cycle), the storage time and the hemo-
lysis degree effect on determination of antibodies against
Erysipelothrix rhusiopathiae in pigs and Suid herpesvirus 1
in wild boar in hemolyzed and not-hemolyzed sera [19, 20].
The authors concluded that the storage conditions had a
negligible effect on testing of high-quality serum samples,
while the hemolyzed samples showed a more noticeable
change proportional to the degree of hemolysis and the
duration of storage. It should be noted that the results ob-
tained for the detection of antibodies against some viruses
are not applicable for other pathogens.

The aim of the work was to determine the effect of
temperature conditions and duration of storage of ASF
seropositive and seronegative samples of domestic pigs
on their serological status when tested using INgezim PPA

Compac solid-phase ELISA test kit (Ingenasa, Spain) and
the probability of obtaining false results.

This study has a significant practical value, and allows
to establish the relationship between the reliable results
in ASF serological diagnostics and the sample storage
conditions.

MATERIALS AND METHODS

Equipment. The storage conditions (4 °C, minus 20 °C
and a multiple freeze - thaw cycles) were reproduced
using a laboratory refrigerator HL-340 (POZIS, Russia). The
sera during ELISA test were incubated in a thermoshaker
PST-60HL-4 (BioSan, Latvia). The results were read using
a Multiskan FC spectrophotometer (Thermo Fisher Scien-
tific, Finland).

Samples. Ten seropositive samples collected on Days
25-26 after experimental infection of pigs with the strain

“ARRIAH/ASF-VERO (40)" and ten seronegative samples
prepared from the blood of clinically healthy domestic
pigs (pig breeding complex, Moscow Oblast) were used.
The samples had no signs of hemolysis and were obtained
in accordance with the“Rules for Collection of Pathological
Material, Blood, Feedstuffs and Their Submission for Labo-
ratory Testing” [16].

Test kit. Serum samples were tested using the INgezim
PPA Compac solid-phase ELISA test kit (Ingenasa, Spain) in
duplicate. According to the kit instructions, the status of
the tested sera was expressed using coefficient of inhibi-
tion calculated by the formula:

_ NC-SAMPLE OD

X% NC-PC

X 100,
where NCis the value of the absorbance units (AU) of the
negative control;

PCis the value of the absorbance units (AU) of the
positive control;

SAMPLE OD - the value of the absorbance units
(AU) of the test serum.

Interpretation of the result:

- at x < 40%, the result is considered negative (i.e. no
specific antibodies were detected in the sample);

—atx>50%, the result is considered positive (i.e. specific
antibodies were detected in the sample);

—at40% > x < 50% the result is considered inconclusive.

Experimental sera were stored at the following tem-
perature conditions:

1. Storage at minus 20 °C;

2. Storage at 4 °C;

3. Storage at room temperature (from 20 to 25 °C);

4. Multiple freeze - thaw cycles (daily freezing at minus
20 °C for 23 hours, followed by thawing at room tempera-
ture for an hour).

The analysis was carried out on the start day (Day zero),
on the 5™, 15™, 29t and 53" days after the start of the ex-
periment.

TEST RESULTS

The first test to confirm the serological status of expe-
rimental sera was performed on Day 0.

The experimental samples were divided into 4 parts
and stored at different temperature conditions for 53 days.
Each group of experimental sera was analyzed according
to the experiment design. The results are given in the Table.
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Table
Serum testing using solid-phase ELISA

Average value Average value
Storage |Sample | Serum | of coefficient of inhibition (%), (n=2) Storage |Sample | Serum | of coefficient of inhibition (%), (n = 2)
" Result " Result
condition | status |number condition | status {number

1 | 170 | 264 | 37| 27| 89| - 1| 170 | 198 | 201 | 105 | 266 | -
2 | 163 | 251 | 252 | 203 | 354 | - 2163 | 199 | 191 | 12 | 298 | -
30| 32| 08| 182 22| 23| - 30| 82| 23| N2 158 65| -

|4 |26 | B5 | 04| 0| 61| - L4 |26 193 | 23] B0 | BS| -
S s |wr|wr |83 |us| - S 5 |7 0208 n2|ua]| -
% 6 | 255 | 240 | 280 | 241 | 316 | - é 6 | 255 | 165 | 197 | 134 | 269 | -
Tl Tws s 01 [ | - Tl 7 T3 [0 |04 157 [ 162 | -
8 | 205 | 228 | 38| 197 | 26| - 8 | 205 | 205 | 201 | 141|261 | -
9 | 173 | 206 | 181 | 161 | 205 | - 9 | 173|170 | M| 43 | B | -
thﬁae;f- 10 | 233 | 235|265 | 212|320 - " 10 | 233|170 | 215 | 135 | 259 | -
cyde 1M | 941 | 881 | 905 | 920 | 906 | + 1M | 941 | 873 | 890 | 893 | 872 | +
121006 | %4 | 980 | 973 | %60 | + 12| 1006 933 | 959 | %68 | 943 | +
13| 971 | 91| 928 | 927 | 914 | + 13| 97.1 | 935 | 934 | 903 | 920 | +
14 | 983 | 906 | 910 | 918 | %02 | + 14 | 983 | 902 | 902 | 886 | 881 | +
% 15 | 881 | 937 | 950 | 949 | 923 | + % 15 | 881 | 937 | 950 | 956 | 924 | +
S | 16 | 983|938 B9 | %o 98| + S| 16 983|925 |9%3| %8| 93| +
Tl eer | w4 | ms | w2 | ess | o+ Tl ser [ w2 [ w7 a3 | w7 | 4
18 | 970 | 945 | 947 | %68 | B35 | + 18| 970 | 931 | 934 | 944 | 928 | +
19 | 948 | 916 | 947 | 935 | 899 | + 19 | 948 | 931 | 930 | 949 | %08 | +
20 | 998 | 986 | 991 [ 993 [ 955 | + 20 | 998 | 962 | 968 [ 979 | 935 | +
1 170 | 208 | 199 | 188 | 254 | - 1 [ 170 | 131|170 | 198 | 12 | -
2 | 163|203 | 213 | 27 | 260 | - 2 | 163 | 188 | 209 | 206 | 130 | -
30| 32| 40| 22| 22| 94| - 300 232( 193] 140 | 170 | 191 | -
|4 [ 26 09| B2 03| B8] - oL 4 | 216|186 | 199 | 21 | 208 | -
= =
5005 | 2716520019871 | - B | 5 | 27166 | 2029|102 -
§ 6 | 255 | 195 | 200 | 218 | 244 | - § 6 | 255 | 194 | 181 | 166 | 154 | -
Tl Tws o[22 Ba|wr| - Tl T3 er |09 |7 [ | -
8 | 205 | 200 | 244 | 29 | 354 | - 8 | 205 | 189 | 203 | 211 | 192 | -
9 | 173|102 | 14 | 158 | 159 | - 9 | 173102 | 172|173 63 | -
at minus 10 | 233 | 200 | 254 | 201 | 287 | - 0 10 | 233|173 | 220 | 180 | 188 | -
207 1M | 941 | 892 | 909 | 918 | 892 | + 1M | 941 | 891 | 89.1 | %05 | 875 | +
121006 | %2 | %2 | 976 | %49 | + 12 | 1006 979 | 977 | 987 | 926 | +
13| 971|899 | 912 | 917 | 897 | + B | 971 | 913 | 912 | %46 | 881 | +
14 | 983 | 898 | 905 | 926 | %09 | + 14 | 983 | 883 | 884 | 909 | 859 | +
% 15 | 881 | 933 | 942 | 953 | 926 | + % 15 | 881 | 954 | 952 | 955 | 924 | +
S | 16 |93 | 943|953 |98 932 + S| 16 | 983|952 | 955|958 23| +
Tl e | s | s0s | s0 | 19| + Tl [eer | 0 | w4 | ess | 2| +
18| 970 | 912 | 905 | 928 | 913 | + 18 | 970 | 923 | 953 | 957 | %08 | +
19 | 948 | 916 | 938 | 949 | %31 | + 19 | 948 | 926 | B35 | 837 | 97 | +
20 | 998 | 982 | 974 | 984 | 953 | + 20 | 998 | 969 | 978 [ 987 | 940 | +

u_n

“+" — positive result; “~" — negative result.
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The obtained data demonstrate that when the coef-
ficient of inhibition changed during the experiment, the
serum status in solid-phase ELISA remained unchanged.

Following the general recommendations on storage
of serum samples for laboratory diagnostics [11, 14, 15],
the reference values were considered to be the results ob-
tained by the testing of sera stored frozen. The variation
of the values depended on the technical conditions of the
method performance (temperature, humidity, kit storage
time, etc.).

The dynamics of changes in the coefficients of inhibi-
tion of seronegative and seropositive samples is shown in
Figure 1. From the presented data, related to negative sera,
it can be seen that:

- the average coefficient of inhibition at the beginning
of the experiment was 20.8%;

— for sera stored at minus 20 °C, the average coefficient
of inhibition was 21.5%, the minimum - 7.1% (Day 53), the
maximum - 35.4% (Day 53);

— for sera subjected to the freeze - thaw cycle, the av-
erage coefficient of inhibition was 22.8%, the minimum
value was 16.1% (Day 29), the maximum value was 35.4%
(Day 53);

— for sera stored at 4 °C, the average coefficient of inhi-
bition was 19%, the minimum - 4.3% (Day 29), the maxi-
mum - 29.8% (Day 53);

— for sera stored at 20 °C, the average value was 18.3%,
the minimum value was 6.3% (Day 53), the maximum
value was 25.5% (Day zero).

100 +
a0

60

50

The change in the difference in the inhibition coeffi-
cients from the reference samples for negative sera is
shown in Figure 2.

It was established that during the whole study, the
coefficient of inhibition for negative sera subjected to
the freeze - thaw cycle was higher than the reference
values, but did not exceed 4.2%, and on average differed
by 1.7%; this indicator of sera stored at 4 °C was lower
than the reference values, but did not exceed 8.7%,
and on average differed by 3.1%. The inhibition coef-
ficient of sera stored at 20 °C was lower than the refe-
rence values, but did not exceed 10.2%, and on average
differed by 4%.

Based on the data obtained during the testing of por-
cine seropositive samples (Fig. 1), it can be seen that:

—theinitial coefficient of inhibition was on average 95.5%;

- for sera stored at minus 20 °C, the average value
was 92.8%, the minimum - 80.5% (Day 15), the maximum —
100.6% (Day zero);

— for sera subjected to the freeze — thaw cycle, the ave-
rage coefficient of inhibition was 93.4%, the minimum
value was 83.8% (Day 15), the maximum value was 100.6%
(Day zero);

— for sera stored at 4 °C, the average coefficient of in-
hibition was 92.5%, the minimum - 80.3% (Day 29), the
maximum - 100.6% (Day zero);

- for sera stored at 20 °C, the average coefficient of in-
hibition was 92.7%, the minimum was 79.2% (Day 53), the
maximum was 100.6% (Day zero).

i

0 A

Coefficient of inhibition, %
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Fig. 1. Dynamics of inhibition coefficients for seronegative and seropositive samples.
Lines in case of 40% and 50% inhibition are the negative/positive cut-off.
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The difference in the coefficients of inhibition of sero-
positive samples stored at minus 20 °Cis shown in Figure 3.

As it can be seen, the coefficient of inhibition of sero-
positive samples subjected to the freeze —-thaw cycle was
higher than the reference values throughout the entire
study period, but did not exceed 1.3%, and on average
differed by 0.8%.

The coefficient of inhibition of sera stored at 4 °C was
higher than the reference value (maximum by 0.3%) for
15 days; later it became lower than it (maximum by 1.2%),
and on average differed by 0.4%.

The coefficient of inhibition of sera stored at 20 °C was
higher than the values of the reference samples until the
Day 29 (maximum by 0.7%), and then lower by 1.8%, and
on average differed by 0.1%.

In the group of seropositive samples stored at 4 °C,
the coefficient of inhibition for some samples during the
study varied from 4.3 to 23.6%. However, the status of the
samples did not change throughout the experiment.

DISCUSSION

The simulation of various storage conditions of experi-
mental pig sera, positive and negative for ASFV antibodies,
provided the data on the absence of changes in their sero-
logical status over time.

The tested serum samples were stored at various
temperature conditions (minus 20 °C, 4 °C, 20 °C, freeze —
thaw cycle) for 53 days. Despite the differences in the co-
efficients of inhibition of negative and positive samples
during the study from the reference values, a qualitative
result was obtained by solid-phase ELISA, which suggests
no or insignificant effect of the applied storage conditions
on the results of the study.

The obtained data are consistent with the results of
other authors who conducted similar studies in detection
of antibodies to other infectious agents. In the work of
E. J. Neumann and K. N. Bonistalli, serum antibodies were
significantly more stable than previously thought, and the
optical density values were stable even in case of gross
violation of the storage temperature conditions [19, 20].

However, the methodology used in this study has some
limitations. The test kit of a single manufacturer was used
in the work, the serum antibody titers were not deter-
mined, and weakly positive samples were not tested.

Therefore, to determine the reason of false results, it is
necessary to conduct further studies and to analyze the
preservation of serum samples for ASF testing, given that
biological samples obtained from animals are not homo-
geneous in their composition, especially in the presence
of pathogenic microflora.

CONCLUSION

The studies conducted showed that storage of porcine
serum samples in simulated temperature conditions did
not affect the status of positive sera with an initially high
coefficient of inhibition and negative sera tested by solid-
phase ELISA using the INgezim PPA Compac test kit (Inge-
nasa, Spain) during 53 days.

Sera of domestic pigs collected in accordance with the
current rules can be stored under the above conditions
for up to 53 days (observation period), provided that they
are subsequently tested using an appropriate kit. This will
simplify their transportation for a longer time if freezing
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is impossible. Also, if additional tests are needed, the re-
peated testing of a single sample becomes possible during
long-term storage.

However, until the effect of storage conditions on the
status of sera during ASF testing using other kits and
methods (Western blotting, immunoperoxidase, immuno-
chromatographic assays, ELISA using a complex antigen,
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etc.) has not been studied, the general recommendation
remains the same - to deliver samples to the laboratory
for research as soon as possible.
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Kykoe MBaH lOpbeBuY, KaHAMAAT GMONOTMYECKNUX HayK,
MAaAWniA HayuHbll COTPYRHUK pedepeHTHOW nabopaTtopuu
no adpukaHckon yyme caurein ®IBY «BHUM3X», r. Bnagummp,
Poccus.

MepwwnH AHppeli CepreeBnd, KaHANAAT BETEPUHAPHbIX HayK,
CTapWmnin Hay4HbI COTPYAHUK pedepeHTHON nabopaTtopuu
no adpukaHckon yyme cauHein OIBY «BHUN3XK», r. Bnagummp,
Poccus.

Masnym Anu, KaHAMAAT OGMONOTMYECKMX HaykK, HayuHbIi
COTPYAHVK pedepeHTHO nabopaToprn No adpUKaHCKOM yyme
cBuHein OIBY «BHUW3X», r. Bnagummp, Poccus.

LlleBueHko VBaH BAauyecnaBoBuY, KaHAMAAT GUONOTMYECKUX
HayK, HayuYHblll COTPYAHUK pedepeHTHON nabopatopuu no
adpurkaHckon uyme cBuHen OIBY «BHUWU3XK», r. Bnagumup,
Poccuns.

UronkuH Anekcein CepreeBny, KaHANAAT BETEPUHAPHDIX HayK,
3aBepytownin pedpepeHTHON NabopaTopuein No apprKaHCKom
yyme ceuHen OrbY «BHUN3XK», r. Bnagnmup, Poccusa.

MaunyinoBa Onbra AHaTonbeBHa, 6uonor pedepeHTHOM
nabopatopuu no apprkaHckon yyme caunein OrbY «BHUMN3XK»,
r. Bnagnmup, Poccus.
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HayK, Npodeccop, rMaBHblI HayUHbIV COTPYAHVUK UHPOPMALIVIOHHO-
aHanutuyeckoro ueHtpa OrbY «BHUM3XK», r. Bnagumump, Poccus.
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