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Adjuvant properties of chitosan derivatives
administered to mice with anti-rabies vaccine

Ksenia B. Dobroskok, Elena I. Yarygina, Maria S. Lipatova, Marina S. Kalmykova
Moscow State Academy of Veterinary Medicine and Biotechnology — MVA by K. I. Skryabin, 23 Academician Skryabin str., Moscow 109472, Russia

ABSTRACT

Searching for a preparation that would meet all the requirements for modern adjuvants remains a matter of critical importance for specific immunoprophylaxis.
Much information is available now on chitosan positive effect, including its effect on the immune response. The article provides results of the preclinical tests for
different affordable chitosan-based products. For the test purposes, we took the following three products manufactured by LLC Bioprogress (Shchelkovo, Russia):
water-soluble chitosan (succinate) — 2% solution edible chitosan (water-soluble) — 2% solution; edible chitosan (acid-soluble) — 2% solution, as well as anti-
rabies vaccine RABIKOV manufactured by Shchelkovo Biocombinat (Russia). Immunogenic properties of chitosan-based products were tested in 85—-100-day-old
female white laboratory mice weighing 21-35 g. The animals were divided into 37 groups (6 mice in each group). Chitosan-hased products were administered
subcutaneously or intramuscularly, either together with the anti-rabies vaccine or without it. Animals from the control groups received either saline solution or the
vaccine only. There was also a group of intact animals. The experiment demonstrated that the water-soluble chitosan (succinate) administered subcutaneously,
acid-soluble edible chitosan (at a concentration of 1:64 and more), and water-soluble edible chitosan (at a concentration of 1:108) administered subcutaneously
and intramuscularly increase the level of post-vaccination anti-rabies antibodies. Thus, the tested chitosan-based products do not have any negative impact on
the laboratory animals and have immunogenic properties.
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AZ'bIOBAHTHbIE CBOCTBA MPON3BOJHbIX XT0O3aHa
npy BBEIEHUI MbILLIAM aHTUPAONYECKON BAKLIMHDI

K. b. lo6pockok, E. . fipbiruna, M. C. Jlunatosa, M. C. KanmbikoBa
Orb0Y BO «MockoBcKas rocyfapcTBeHHas akazieMus BeTepuHapHoil MeavLmHbl i 6uotexHonorun - MBA umenn K. W. Ckpabuna»
(OTBOY BO MTABMuB — MBA umenn K. W. Ckpabuna), yn. Akapemuka Ckpabuna, 23, r. MockBa, 109472, Poccua

PE3IOME

[ina cneynduueckoii uMMyHoNpOGUNAKTUKM 0COBEHHO aKTyanbHbIM 0CTAeTCA BOMPOC NOMCKa Npenapata, KoTopblii 6bl 0TBeyan Bcem TpeboBaHMAM, Npefb-
ABNAEMbIM K COBPEMEHHbIM aZibloBaHTaM. B nuTepatype MHOTO CBefieHNii 0 NOAOKUTENLHOM BAMAHUN XUTO3aHa, B TOM YMCNE U HA MMYHHYI0 CUCTEMY.
B cTatbe npeacTaBneHbl peynbrathbl AOKANHUYECKIX UCNbITaHUA NPENapaToB Ha 0CHOBE Pa3ANyHbIX GOPM XMTO3aHa, KOTOPblE ABAAIOTCA IKOHOMUYECKM
LOCTYNHbIMM. B KauecTBe UcMbITyeMbIx Gbinu B3ATbI TpU Npenapata npoussoactsa 000 «buonporpeco (r. LenkoBo, Poccua): xuto3aH BofopacTBOPUMbIil
(cyKumHaT) — 2%-it pacTBOp; XUTO3aH NULLEBOI (BOAOPACTBOPUMBIN) — 2%-il paCTBOP; XMTO3aH NULLEBON (KNCIOTOPACTBOPUMDIiT) — 2%-ii pacTBOp; a TaKkxKe
BaKLYHa npoTus belueHcTBa «Pabukos» npounssogcTaa OKI «LLenkockuii 6uokombuHat» (Poccus). M3yueHune uMmyHoreHHbIX CBOIACTB NpenaparoB XuTo3aHa
npoBoaunu Ha 85—100-cyTouHbIX camkax benbix nabopaTopHbIx Mbiiueil Maccoit 21-35 r. usoTHble 6bin1 NogeneHbl Ha 37 rpynn no 6 MbiLueli B KaXA0i.
[Tpenapatbl XuT03aHa NPUMEHANM NOAKOXKHO UAN BHYTPUMBILLIEYHO COYETAHHO C aHTUPABUyecKoil BakLMHON K 6e3 TakoBoiA. AKMBOTHBIM KOHTPOMbHBIX
rpynn BBOAWNM IM60 Gu3noNOruyecKuil pacTBop, N6 TONbKO BaKLMHY. Takxe Obina ChOpMUPOBAHA FPYNNa UHTAKTHbIX XUBOTHBIX. l0Ka3aHo, YTo XMTO3aH
BO/J0PACTBOPUMbIN (CyKLIMHAT) MPU NOAKOXHOM BBEACHMM, XUTO3aH NULLEBOIF (KUCNOTOPACTBOPUMBIN) B KOHLIEHTPaLm 1:64 1 Bbille 1 XUTO3aH NULLEBOI]
(BOZOPaCcTBOPMMBIit) B KOHLEHTpaLmy 1:108 npu NoAKOXKHOM 1 BHYTPUMBILLIEYHOM CMOC06aX BBEZEHIA MOBBILLAIT YPOBEHb NOCTBAKLMHANbHBIX aHTpabu-
yecKmx aHTuTen. Takum 06pasom, uccneyemble npenaparbl Ha OCHOBE XMT03aHa He 0KA3bIBAIOT HEraTUBHOTO BAUAHNA HA OPraHU3M 1abopaTopHBIX KUBOTHBIX
11 0612Ja10T UMMYHOTEHHbIMM CBOIICTBAMY.
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INTRODUCTION

Scientists from all over the world are looking for
the best options to ensure effective and safe specific pre-
vention of animal diseases. Despite the progress made in
the vaccine production, searching for a low-cost and safe
adjuvant that would enhance the immune response re-
mains a matter of great importance.

Modern adjuvants shall boost immunity (cell-media-
ted and/or humoral), be easily metabolized and be widely
affordable [1, 2].

Chitosan properties are being actively studied world-
wide [3-20]. Its derivatives are widely used in the pharma-
ceutical manufacturing and in veterinary medicine. Chi-
tosan-based products have shown a variety of biological
properties, including antimicrobial and cholesterol-lower-
ing ones. The chitosan properties increase the dissociation
rate of poorly soluble medicinal products, enhance their
absorption, influence the drug release and create drugs
of prolonged action [2]. It was also noted that chitosan
solution boosts both the humoral and cell-mediated im-
mune response after subcutaneous administration of vac-
cines [15]. It is also possible to inject chitosan as a part of
medicinal products and vaccines [21].

Theavailable literature provides information on chitosan
as an antigen sorbent and a stimulator of the post-vaccina-
tion immune response [3,7,8,9,10,12,13,14,17,18, 19,
20, 22]. Progress made in studying the properties of chito-
san derivatives suggests that they may meet the basic re-
quirements for modern adjuvants.

Previously, in order to find optimal concentrations
of chitosan-based products for administration to ani-
mals, we analyzed the cytotoxicity of various dilutions of
the tested samples in the continuous bovine kidney cell
line PT-80 [6, 11].

The purpose of this research is to study adjuvant pro-
perties of chitosan derivatives in various concentrations,
administered to mice together with an anti-rabies vaccine.

MATERIALS AND METHODS

Chitosan. The following chitosan-containing products
manufactured by Bioprogress (Shchelkovo, Russia) on
the basis of saline solution (NaCl 0.9%), were taken as
starting materials:

- water-soluble chitosan (succinate), 2% solution -
Preparation No. 1;

- edible chitosan (water-soluble), 2% solution - Prepa-
ration No. 2;

- edible chitosan (acid-soluble), 2% solution - Prepara-
tion No. 3.

Anti-rabies vaccines for animals:

- anti-rabies vaccine RABIKOV manufactured by
the Shchelkovo Biocombinat (Russia);

- anti-rabies vaccine RABIES (Intervet International, B. V.,
the Netherlands) was used to compare protective pro-
perties with the domestically produced RABIKOV vaccine
as part of the implementation of import substitution
measures.

Experiment design. Thirty-seven homogeneous groups
of female white lab mice were formed for experimental pur-
poses. The mice weighed 21-35 g and were 85-100 days
old. Six mice were included in each group. The mice were
injected with the tested products (at a volume of 0.3 cm?3),
according to the scheme given in the table.

Before the experiment, all the laboratory animals
stayed in quarantine for 14 days. The experimental mice
were subjected to daily clinical examination and control
weighing. On day 28 postadministration, the animals were
decapitated and pathological material (organs and blood
serum) was taken for further tests.

All animal experiments were conducted in strict
compliance with Interstate Standards GOST 33215-2014,
GOST 33216-2014 as adopted by the Interstate Coun-
cil for Standardization, Metrology and Certification, as
well as in accordance with Directive 2010/63/EU of the
European Parliament and of the Council of 22 Septem-
ber 2010 on the protection of animals used for scientific
purposes.

The mass index of organs is calculated as the ratio
of the organs mass to animal body mass (organ mass
index = Mo’ Manimal)-

Calculating titers of rabies virus-neutralizing antibodies.
In order to observe adjuvant properties of chitosan-based
preparations, we measured the level of rabies virus-neu-
tralizing antibodies in sera from laboratory animals using
diffusion precipitation test, according to the instruction
for “Diffusion precipitation test kit for rabies diagnosis”
produced by the All-Russian Research and Technological
Institute of Biological Industry (Russia).

Processing statistics. The obtained statistics were pro-
cessed using the standard Microsoft Excel 2007 program
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adopted in biology and medicine. The results were consi-
dered reliable at the probability level of p < 0.05.

RESULTS AND DISCUSSION

Preliminary tests in PT-80 cell line have shown that
edible chitosan (acid-soluble) at a concentration of 1:4 has
a cytotoxic effect [6], therefore, during the experiment 1:64
and 1:108 concentrations were used in the lab animals.

During the observation, no deviations in mice behavior
were reported, and there were no specific death cases. Fur-
ther autopsy revealed no pathological lesions at the injec-
tion sites (inflammation, granulation, etc.) or in the internal
organs [6].

The liver is an organ that increases in size due to acute
toxicity and decreases in size due to chronic toxicity. There-
fore, the organ mass index was calculated.

Figure 1 shows that the mean liver mass index in all
mice groups ranged from 0.045 to 0.050. This suggests
that the tested preparations do not have any acute toxi-
city effects.

The spleen is the largest lymphoid organ. Therefore,
to assess the immunity response to the administration of
the tested preparations, the organ mass index was calcu-
lated for experimental mice.

The mean spleen mass index calculated (Fig. 2)
for groups 1-8 and 10-16, either corresponded to the
data obtained for groups 19, 20 and 37, or exceeded
them (p < 0.05). This may suggest that the mice’s immune
system is stimulated by the chitosan-containing prepa-
rations. However, in group No. 9, the mean spleen mass
index was lower than in the control groups. It can be as-
sumed that intramuscularly administered edible chitosan
(water-soluble) at a concentration of 1:64 does not have
any pronounced immunostimulating effect.

To confirm chitosan adjuvant properties, the next step
was to measure the level of rabies virus-neutralizing an-
tibodies in the sera from laboratory mice using diffusion
precipitation test. The experiment results are given in Fi-
gure 3.

The data obtained show that the titres of rabies
virus-neutralizing antibodies post-vaccination without
the tested preparations (groups No. 19 and 20) were
1:32; whereas those groups that were subcutaneously
vaccinated together with water-soluble chitosan (suc-
cinate) in all the tested concentrations (groups No. 2, 4
and 6) showed the antibody level of 1:64. Regardless
of the administration route, edible chitosan (acid-solu-
ble) at all the tested concentrations (groups No. 13-16)
and edible chitosan (water-soluble) at a concentration
of 1:10% (groups No. 11 and 12) stimulate antibody
production.

Water-soluble chitosan (succinate) was administered
intramuscularly at all the tested concentrations (groups
No. 1, 3 and 5), edible chitosan (water-soluble) was ad-
ministered subcutaneously (concentration 1:4, group
No. 8) and intramuscularly (concentration 1:64, group
No. 9) reduced the level of rabies virus-neutralizing anti-
bodies down to 1:8 - 1:16. In this regard, it can be assumed
that the tested preparations (at the given concentrations
and administered using the mentioned routes) suppress
the immune response, since natural chitosan salts are
practically insoluble at pH above 6, which may be prob-
lematic for the delivery of vaccine antigens that are soluble
and stable at neutral pH or higher [2].

Table
Routes of administration of the tested products to the mice groups

Group

Dilution
number

Preparation

Experimental groups

Administration route

Preparations with vaccine RABIKOV

" 1 intramuscularly
. 2 subcutaneously
3 intramuscularly
Preparation No. 1 1:64
4 subcutaneously
5 intramuscularly
1:108
6 subcutaneously
7 intramuscularly
1:4
8 subcutaneously
9 intramuscularly
Preparation No. 2 1:64
10 subcutaneously
n intramuscularly
1:108
12 subcutaneously
13 intramuscularly
1:64
14 subcutaneously
Preparation No. 3
15 intramuscularly
1:10°
16 subcutaneously
Control groups
Saline solution
- 17 intramuscularly
Saline solution (NaCl 0.9%)
- 18 subcutaneously
Vaccine control
Vaccine RABIKOV - 19 subcutaneously
Vaccine RABIES - 20 subcutaneously
Tested products without a vaccine
" 21 intramuscularly
' 22 subcutaneously
23 intramuscularly
Preparation No. 1 1:64
24 subcutaneously
25 intramuscularly
1:108
26 subcutaneously
14 27 intramuscularly
. 28 subcutaneously
29 intramuscularly
Preparation No. 2 1:64
30 subcutaneously
31 intramuscularly
1:108
32 subcutaneously
33 intramuscularly
1:64
34 subcutaneously
Preparation No. 3
35 intramuscularly
1:108
36 subcutaneously
No products administered (intact) - 37 -
179
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Fig. 1. Liver/body weight ratio in the laboratory mice after administration of the tested forms
and concentrations of the chitosan-based products
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Fig. 3. Post-vaccination antibodly titres against rabies virus antigen as demonstrated
by the diffusion precipitation test
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CONCLUSION

Thus, it has been shown that the tested chitosan-con-
taining preparations do not have a negative impact on
the laboratory animals and have immunogenic properties.

The following preparations can be recommended
as affordable adjuvants: water-soluble chitosan (succi-
nate) for subcutaneous administration; edible chitosan
(acid-soluble) at a concentration of 1:64 and above, as
well as edible chitosan (water-soluble) at a concentration
of 1:108 (administered subcutaneously and intramuscular-
ly). Alongside it, our test results as well as results provided
by other researchers [2] show that water-soluble chitosan
(succinate) administered intramuscularly and edible chi-
tosan (water-soluble) administered subcutaneously at
a concentrations of 1:4 and administered intramuscularly
at a concentration of 1:64 reduce the vaccine efficacy.

REFERENCES

1. Avdeeva Zh. |, Alpatova N. A, Bondarev V. P, Volko-
va R. A, Lonskaya N. I., Lebedinskaya E. V., et al. Vaccines
with adjuvants. Preclinical studies. BIOpreparations. Preven-
tion, Diagnosis, Treatment. 2015; (1): 15-20. https://elibrary.
ru/ubekft (in Russ.)

2.Samuilenko A.Ya., Grin S. A., Eremets V. 1., Albulov A. 1.,
Eremets N. K., Borovoy V. N,, et al. Adjuvants. Moscow: Av-
gust Borg; 2016. 171 p. https://elibrary.ru/zsdher (in Russ.)

3. Albulov A. I, Frolova M. A, Krasochko P. A, Krasoch-
ko P. P, Grin A. V., Eliseev A. K. Ispol’zovanie khitozana
v kachestve ad"yuvanta pri proizvodstve vaktsinnykh
preparatov = The use of chitosan as an adjuvant in vac-
cine production. Sovremennye perspektivy v issledovanii
khitina i khitozana (Roskhit-23): materialy shestnadtsatoi
Vserossiiskoi konferentsii s mezhdunarodnym uchastiem
(Vladivostok, 2—-6 oktyabrya 2023 g.) = Current perspectives
on chitin and chitosan (Roskhit-23): Proceedings of the Six-
teenth All-Russian Conference with International Partici-
pation (Vladivostok, 2—-6 October 2023). Vladivostok: Far
Eastern Federal University; 2023; 155-158. https://doi.
0rg/10.24866/7444-5553-8 (in Russ.)

4. Varlamov V. P, ll'ina A. V., Shagdarova B. Ts., Lun-
kov A. P, Mysyakina I. S. Chitin/Chitosan and its derivatives:
Fundamental problems and practical approaches. Bio-
chemistry (Moscow). 2020; 85 (Suppl. 1): 154-176. https://
doi.org/10.1134/5S0006297920140084

5. Dobroskok K. B., Lipatova M. S., Yarygina E. . The ef-
fect of chitosan succinate on the formation of a monolayer
of PT-80 cell culture. Sbornik nauchnykh trudov desyatoi
Vserossiiskoi mezhvuzovskoi konferentsii po klinicheskoi
veterinarii v formate Purina Partners (Moskva, 18 dekabrya
2020 g.) = Collection of scientific papers of the Tenth All-Rus-
sian Interuniversity Conference on Clinical Veterinary Medi-
cine in Purina Partners format (Moscow, December 18, 2020).
Moscow: NPO“Sel'skokhozyaistvennye tekhnologii”; 2020;
453-460. https://elibrary.ru/slcelz (in Russ.)

6. Dobroskok K. B., Yarygina E. I. Doklinicheskie issle-
dovaniya razlichnykh form khitozana na biologiches-
kikh sistemakh: kul'ture kletok PT-80 i laboratornykh
myshakh = Preclinical studies of various forms of chitosan
on biological systems: PT-80 cell culture and laboratory
mice. Aktual’nye voprosy biologii, biotekhnologii, veterinarii,
zootekhnii, tovarovedeniya i pererabotki syr'ya zhivotnogo
i rastitel’nogo proiskhozhdeniya: materialy natsional’noi
nauchno-prakticheskoi konferentsii (Moskva, 1 aprelya
2021 g.). Chast’ Il = Current issues of biology, biotechnology,

veterinary medicine, animal science, commodlity science
and processing of raw materials of animal and plant origin:
proceedings of the national scientific and practical confe-
rence (Moscow, April 1,2021). Part Il. Moscow: Moscow State
Academy of Veterinary Medicine and Biotechnology - MVA
by K. I. Skryabin; 2021; 14-16 (in Russ.)

7. Kurashova S. S., Dzagurova T. K., Ishmukhame-
tov A. A, Egorova M. S., Balovneva M. V., Sotskova S. E.,
Tkachenko E. A. Carbohydrate-based adjuvants for vaccine
production. BIOpreparations. Prevention, Diagnosis, Treat-
ment. 2018; 18 (2): 81-91. https://doi.org/10.30895/2221-
996X-2018-18-2-81-91 (in Russ.)

8. Minkova O. A, Yarygina E. |., Bachinskaya V. M. Vli-
yanie preparata khitozana v sostave vaktsiny na prodol-
zhitel'nost’ immunnogo otveta u kur = Effect of the chi-
tosan-based vaccine on the immunity duration in chickens.
Vaktsiny novogo pokoleniya dlya profilaktiki osobo opasnykh
boleznei sel’skokhozyaistvennykh zhivotnykh: sbornik trudov
Mezhdunarodnoi nauchno-prakticheskoi konferentsii (Mosk-
va, 10 oktyabrya 2023 g.). Pod. obshch. red. S. V. Pozyabina,
L. A. Gnezdilovoi = Next-generation vaccines for control
of highly dangerous diseases in farm animals: proceedings of
the International Scientific and Practical Conference (Moscow,
October 10,2023). Ed. by S. V. Pozyabin, L. A. Gnezdilova. Mos-
cow: Sel'skokhozyaistvennye tekhnologii; 2023; 224-230.
https://elibrary.ru/erolzp (in Russ.)

9. Khantimirova L. M. Preparation of chitosan and its
derivatives, study of their physico-chemical characteristics
and immunoadjuvant activity in the composition of inac-
tivated influenza vaccines: Author’s abstract of thesis for
degree of Cand. Sci. (Biology). M.; 2019. 24 p. (in Russ.)

10. Khantimirova L. M., Kashirina O. S., Chernikova M. I,
Vasiliev Y. M. Comparative immunogenicity evaluation of
characterized chitosan-based and other adjuvants for inac-
tivated influenza vaccines. Epidemiology and Vaccinal Pre-
vention.2016; 15 (1): 86-92. https://doi.org/10.31631/2073-
3046-2016-15-1-86-92 (in Russ.)

11.Yarygina E. I, Kalmykova M. S, Tretyakova I. V. Study
of cytotoxic effect of drugs based on chitosan for trans-
plantable cell cultures. Veterinary, Zootechnics and Bio-
technology. 2019; (8): 40-43. https://elibrary.ru/vnvdpa
(in Russ.)

12. Malik A., Gupta M., Gupta V., Gogoi H., Bhatnagar R.
Novel application of trimethyl chitosan as an adjuvant
in vaccine delivery. International Journal of Nanomedicine.
2018; 13: 7959-7970. https://doi.org/10.2147/ijn.s165876

13. Choi B., Jo D.-H., Anower A. K. M. M., Islam S. M. S.,
Sohn S. Chitosan as an immunomodulating adjuvant
on T-cells and antigen-presenting cells in herpes simplex
virus type 1 infection. Mediators of Inflammation. 2016;
2016:4374375. https://doi.org/10.1155/2016/4374375

14. Zaharoff D. A, Rogers C. J., Hance K. W., Schlom J.,
Greiner J. W. Chitosan solution enhances both humoral
and cell-mediated immune responses to subcutaneous
vaccination. Vaccine. 2017; 25 (11): 2085-2094. https://doi.
org/10.1016/j.vaccine.2006.11.034

15. Younes |, Rinaudo M. Chitin and chitosan prepara-
tion from marine sources. Structure, properties and appli-
cations. Marine Drugs. 2015; 13 (3): 1133-1174. https://doi.
org/10.3390/md13031133

16.Vézquez J. A, Rodriguez-Amado |, Montemayor M. .,
Fraguas J., Gonzdlez M. del P, Murado M. A. Chondroitin
sulfate, hyaluronic acid and chitin/chitosan production
using marine waste sources: characteristics, applications

VETERINARY SCIENCE TODAY. 2024; 13 (2): 177-182 | BETEPUHAPUA CETOAHA. 2024; 13 (2): 177-182



182

ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTUHAJIbHBIE CTATbI | BUOTEXHONOT A

and eco-friendly processes: A review. Marine Drugs. 2013;
11 (3): 747-774. https://doi.org/10.3390/md 11030747

17. Muzzarelli R. A. A. Chitins and chitosans as immuno-
adjuvants and non-allergenic drug carriers. Marine Drugs.
2010; 8 (2): 292-312. https://doi.org/10.3390/md8020292

18. Vasiliev Y. M. Chitosan-based vaccine adjuvants:
incomplete characterization complicates preclinical and
clinical evaluation. Expert Review of Vaccines. 2015; 14 (1):
37-53. https://doi.org/10.1586/14760584.2015.956729

19. Gong Y., Tao L., Wang F,, Liu W., Jing L., Liu D,, et al.
Chitosan as an adjuvant for a Helicobacter pylori thera-
peutic vaccine. Molecular Medicine Reports. 2015; 12 (3):
4123-4132. https://doi.org/10.3892/mmr.2015.3950

20. Xia Y., Fan Q., Hao D., Wu J., Ma G., Su Z. Chi-
tosan-based mucosal adjuvants: Sunrise on the ocean. Vac-

cine. 2015; 33 (44): 5997-6010. https://doi.org/10.1016/j.
vaccine.2015.07.101

21. Kamskaya V. E. Chitosan: structure, properties
and using. Scientific review. Biological sciences. 2016; (6):
36-42. https://science-biology.ru/ru/article/view?id=1020
(in Russ.)

22. Wen Z. S., Xu Y. L., Zou X. T,, Xu Z. R. Chitosan
nanoparticles act as an adjuvant to promote both Th1and
Th2 immune responses induced by ovalbumin in mice. Ma-
rine Drugs.2011; 9 (6): 1038-1055. https://doi.org/10.3390/
md9061038

Received 04.03.2024
Revised 03.04.2024
Accepted 17.05.2024

INFORMATION ABOUT THE AUTHORS / UHOOPMALUA Ob ABTOPAX

Ksenia B. Dobroskok, Postgraduate Student, Department
of Virology and Microbiology named after Academician
V. N. Syurin, Moscow State Academy of Veterinary Medicine and
Biotechnology — MVA by K. I. Skryabin, Moscow, Russia;
https://orcid.org/0000-0001-8029-2725, e-mail: dkseny@yandex.ru

Elena l. Yarygina, Dr. Sci. (Biology), Senior Researcher, Professor
of the Department of Virology and Microbiology named after
Academician V. N. Syurin, Moscow State Academy of Veterinary
Medicine and Biotechnology - MVA by K. I. Skryabin, Moscow,
Russia; https://orcid.org/0000-0002-4214-039X,

e-mail: jarigina@mail.ru

Maria S. Lipatova, Magister of the Department of Virology and
Microbiology named after Academician V. N. Syurin, Moscow
State Academy of Veterinary Medicine and Biotechnology - MVA
by K. I. Skryabin, Moscow, Russia;
https://orcid.org/0000-0002-7159-7356, e-mail: mashunkaO4@mail.ru

Marina S. Kalmykova, Associate Professor, Cand. Sci. (Veterinary
Medicine), Associate Professor of the Department of Virology
and Microbiology named after Academician V. N. Syurin, Moscow
State Academy of Veterinary Medicine and Biotechnology - MVA
by K. I. Skryabin, Moscow, Russia;

https://orcid.org/0009-0003-7900-592X, e-mail: marina.pcr@mail.ru

No6pockok Kcenuns BopucoBHa, acnupaHT Kadeppbl
BUPYCONOrnm 1 MMKpobuonornmn umeHy akagemuka B. H. CiopuHa
®re0y BO MMABMub - MBA nmeHn K. U. CkpsbrHa, . MocKBa,
Poccus; https://orcid.org/0000-0001-8029-2725,

e-mail: dkseny@yandex.ru

ApbirvHa Enena UropesBHa, a-p 610N, HayK, CTapLIni Hay4YHbIN
COTPYAHWK, Tpodeccop Kadeapbl BUPYCONOrum n MMKpobronorim
MMmeHun akagemuka B. H. CiopnHa Orb0Y BO MITABMub — MBA
umenu K. U. CkpabuHa, r. Mocksa, Poccus;
https://orcid.org/0000-0002-4214-039X, e-mail: jarigina@mail.ru

JinnaroBa Mapusa CepreeBHa, MarncTp Kadeapbl BUpyconorum
n Mukpobumonornm umeHun akagemumka B. H. CiopuHa
®re0y BO MMABMub - MBA nmeHn K. U. CkpsbrHa, 1. MocKBa,
Poccus; https://orcid.org/0000-0002-7159-7356,

e-mail: mashunka04@mail.ru

KanmbikoBa MapuHa CTtaHucnaBOBHa, [OUEHT, KaHA. BeT.
HayK, AoLeHT Kadeapbl BUPYCONOrN 1 MUKPOOMONOrN MEHN
akapgemuka B. H. CioprHa OIbOY BO MITABMub — MBA nmeHu
K. . CkpabuHa, r. Mocksa, Poccus;
https://orcid.org/0009-0003-7900-592X,

e-mail: marina.pcr@mail.ru

Contribution: Dobroskok K. B. — has conducted the experiment, processed resulting statistics, created tables and diagrams, is an author
of the article; Yarygina E. I. - a scientific advisor, responsible for experiment design, has conducted the experiment, is an author of the
article; Lipatova M. S. - responsible for selection and analysis of the relevant literature, processed resulting statistics, created tables and
diagrams; Kalmykova M. S. - responsible for selection and analysis of the relevant literature; is an author of the article.

Bknap aBTropoB: [lobpockok K. b. — npoBeaeHve nccnegoBaHuii, ctatuctuyeckas o6paboTka pesynbraToB, cOCTaBeHve Tabnuy
1 Ararpamm, NoAroToBKa TekcTa cTaTbu; ApbirnHa E. U. — HayuHoe pyKoBOACTBO, MaHNPOBaHWE OMbITOB, MPoBefeHne NCCneaoBaHNN,
NMOAroTOBKa TeKcTa cTaTby; Jlunatosa M. C. — nofbop 1 aHanm3 nuTepaTypHbIX UCTOYHWKOB MO TeMe, CTaThCTMYecKas obpaboTka
pe3ynbTaToB, COCTaBNEHVE Tabnuy v Agnarpamm; Kanmbikosa M. C. - noa6op 1 aHanm3 nIUTepaTypHbIX MCTOYHMKOB MO TeMe, MOArOTOBKa

TeKCTa CTaTbu.

VETERINARY SCIENCE TODAY. 2024; 13 (2): 177-182 | BETEPUHAPUA CEFOJHA. 2024; 13 (2): 177-182



