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TYWUIH

Tyiie memerine Kapcbl OeHOENCEHIIPUITeH TaMbUICHI3 JAMHUTHIH TOPIIIA ©CIHAICIHIE OCIipUIreH
BaKIIMHAHBI 33ipiey Ke3iHge MaHrpicTay OONBICHl beifHey aymaHBIHBIH MIapya KOXKaJbIFBIHBIH
ty#ienepinen 2020 >kpuUTBI OKmayiaHbem, Oemininm amraH M-0001 Tyiie miemexk BHPYCHIHBIH
JICTIO3UTTENIeH IITaMMbBl MaljanaHblIIbl. VMMYHIBIK —KayanThl bIHTAIAHABIPY YIIH 1%
koHneHTparnusaga montanide GEL 01 ambioBaHTHI KOJNIAHBUIIBI.

NvMmyHOTIpodmIakTiKa Ke3iHAeri Mam WMMYHHUTETiIHIH IIbIHAWBl Kai-KyHl >KOCTIapIibl
MMMYHOJIOTHUSUTBIK (CEpOJIOTHSIIBIK) MOHUTOPHHT YKoHE MH()EKUMSHBIH Maiina OoJFaH OIIAFbIH KOO
HOTIDKEJIepi OOWBbIHINA alKbIHAANATBIH Oonanbl. "M-0001" mTaMMBIHAH Ty#e IICHICTiHE KapcChl
WHAKTUBTEHIPUITeH TOpIa OCIHAICIH/Ee OCIpiireH BaKIMHAHBI CBIHAKTAH OTKI3y MAaKCaThIHIA
eHpipicTik xarnaitnapga JKIIC "AHTureH" eHIIpICTIK FHUIBIMHU KEILICHIHIH BUBapuiliH 0a3a peTiHae
naiaanaHeuLIbl. BakiMHAHBIH UMMYHOTEHIUIITH 3€pTTeY MaKcaThlHAA BaKIMHA TYWENEpAiH Iar
aliMarbIHBIH Tepi acThina 3,0 cM® no3ama eHrisim, 3 6ac 6 albIK Xkac Tyhenepe ChIHAIBL. 3epTTeyTe
IemeKk aypyblHaH KONaiiIpl aiiMakTaH aNblHFAaH TyHelepre JKypriziimi. BaknuHamusianran
skanyapinapia "M-0001" mraMMbIHaH Ty#ie HIelierine Kapchl HHAKTUBTEHAIPLIreH JaMbLICHI3 TAMUTHIH
TOpIIa eciHAiciHAe ecipinreH BaknuHaMeH () TOyJiKKe MICTIeKKe Kapchl aHTHASHENEPIiH THTPI Tepic
HOTIDKE KepceTTi, 7 Toyiikke 1:2 — 1:4, 14 toymikke 1:4-1:8, 21 Toynmikke aHTHACHENepAiH TUTPI 1:8
KYpaJbl.

PE3IOME

[Tpu pa3zpaboTke MHAKTUBHPOBAHHOW KYJIbTYPAIbHOW BaKIMHBI MIPOTHUB OCIBI BEPOIIOAOB ObLI
WCIIOJIb30BaH JCTIOHNPOBAHHBIN IITaMM BHpYyca ociibl BepOmtogoB M-0001, BbIeeHHBIH B OHOM U3
KX Manrucrayckoit oOmactu  belineyoBckom paiione B 2020 1. g vHAKTUBaIUM
ucnonb3oBasin 0,05 % KOHEUHBIX KOHLIEHTPALUK WHAKTUBAHT B-nipornonakToH. [y ctumynipoBaHust
HMMYHHOTO OTBeTa OBLI MCIIONB30BaH aabioBanT Montanidae Gel01 B 1% KoHIIEHTpAITHH.

HctrHHOE COCTOSIHNE MMMYHUTETA [TOT0JIOBbS P HMMYHOIIPOHUIAKTHKE OYAET ONPEAEISATHCS
[0 Pe3yJbTaTaM IUIAHOBOIO MMMYHOJIOTMYECKOro (CepOoIOrHYecKOro) MOHHUTOPHHTA W JIMKBUAALUU
BO3HHKIIETO odvara wuHpeknun. C 1enplo  anpodamuu  KyJdbTYpalbHOW WHAKTHBUPOBAHHOM
NPOTHBOOCTICHHOW BakIUHbBI u3 mTamMmMa «M-0001» mpoTHB ocmibl BepOIIOI0B B MPOU3BOICTBEHHBIX
yCIOBHAX B KauecTBe 0a3bl Obl1 mcnonb3oBad BuBapuii TOO HIIII «AnTHren». IMMyHOr€HHOCTh
BaKIMHbBI MCIBITAIM Ha 3-X BEpOJIOaX, KOTOPHIM BBOAWJIM BaKIMHY TOAKOXKHO B n03e 3,0 cm® B
MaxoBYI0 00JacTh. Y BaKIMHUPOBAHHBIX JKUBOTHBIX MHAKTUBHUPOBAHHOW KYJIBTYpalbHOH BaKIIMHOMN
npoTuB ocnbl BepOronoB u3 mramMma «M-0001» Ha O CyTKM TUTp aHTUTEN MPOTHUB OCIHBI ITOKa3ail
OTpULIATENBHBIN pe3ybTaT, Ha 7 cyTku cocTaBmsul 1:2 — 1:4, Ha 14 cytku cocraBisin 1:4-1:8, Ha
21 cyTku TUTp aHTHUTEN cocTaBisut 1:8.
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STUDY OF IMMUNOSTIMULATORY PROPERTIES OF ADJUVANT MONTANIDE™
GEL 01 AND VARIOUS INACTIVANTS IN THE COMPOSITION OF INACTIVATED
CULTURE CAMEL SMALLPOX VACCINE

ANNOTATION

Chemical methods of virus inactivation have found wide application in production due to their
ease of use, gentle effect on the antigenic structure of pathogens, reliable inactivation and high
reproducibility of results. Of all known chemical compounds used as inactivants, formaldehyde and
R-propiolactone are the most widely used.

In experiments to determine the inactivation mode of the camel pox virus, a culture strain that had
undergone 15 consecutive passages on the culture of lamb kidney cells was used. For virus inactivation,
formaldehyde was used at concentrations of 0.02; 0.03; 0.05 and 0.1% relative to the total biomass
volume. During the course of the experiment, the timing of complete inactivation of the virus by OM
was determined at temperatures of 4°C, 27°C and 37°C, at pH of the suspension 7.4-7.6. The initial
biological activity was 6.25 IgTCD50/cm?.

The choice of adjuvant in vaccine development is critical to the properties of the vaccine. There
is no universal adjuvant and there is always a trade-off between safety and efficacy. Consequently, the
adjuvant chosen will depend on the target species, antigen, route of inoculation and the desired immune
response and its duration. This study provides direct evidence that Montanide™ GEL 01 can act as a
potent adjuvant in a synthetic peptide-based vaccine and represents an easy-to-use and inexpensive
veterinary vaccine with a higher safety profile for large animals.

Key words: camels, smallpox, smallpox vaccine virus, aowsrosanm, attenuation, infection.

Introduction. The development of domestic prophylactic agents against camel pox is urgent due
to periodic recurrent outbreaks of the disease caused by new virulent strains of the pathogen, the lack of
biopreparations used for the prevention of this disease and the presence of susceptible livestock [1].

There are multifaceted effective strategies and methods to enhance the immunogenicity of
vaccines. In this regard, the inactivated camelpox vaccine we are developing using a local field strain
could be a key element for an effective national strategy for progressive control of the above infection.
The results of this work will make it possible to optimize anti-epizootic measures to prevent and spread
this disease among camels in the Republic of Kazakhstan [2-3].

Currently, much attention is paid to the development and improvement of inactivated vaccines
for the prevention of viral diseases. One of the most important points in their development is the
selection of inactivators that would inactivate the virus at low concentrations and retain its antigenic
activity. In recent years, ethylenimine, dimerethylenimine, acetylethylenimine and other derivatives
have been widely used abroad and in the former USSR. These compounds inactivate both RNA- and
DNA-containing viruses. In addition, ethylenimine derivatives are easily able to neutralize the virus
without any damage to the quality of the biopreparation [4].

At different times in the world, studies on inactivation of infectious activity of viruses by physical
effects: ultrahigh pressure, gamma rays, ultraviolet irradiation, photodynamic action of dyes, high
temperature, ultrasound, etc. have been conducted.
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Borisova I.A. [5] developed an optimal scheme for obtaining viral raw material from the strain
"PVOZ-B" of avian metapneumovirus using a grafted culture of green marmoset Vero kidney cells. In
the course of research she substantiated the modes of inactivation of avian Newcastle disease by beta
propiolactone and the dynamics of virus inactivation.

Nikiforova A.l. [6] developed an inactivated trivalent trivalent subunit influenza vaccine with
copolymer of 2-methyl-5-vinylpyridine and vinylpyrrolidone (Sovidone), evaluated its safety and
immunogenicity, and determined its optimal content with a new adjuvant in the composition of the
influenza preparation.

Chernos V.I. and Gendon Y.Z. [7] carried out inactivation of poliovirus by beta-propiolactone at
24 °C, pH of the medium 8.0, at a concentration of beta-propiolactone 1:1000. Inactivation was stopped
by adding sodium thiosulfate to the sample. Beta-propiolactone inactivates FMD and Newcastle disease
viruses at 25-37°C faster than formaldehyde.

Fayet M.T. [8] compared the inactivating effect of beta-propiolactone on FMD virus with
acetylenimine, glycidaldehyde, and formaldehyde. It was found that in the process of virus inactivation,
beta-propiolactone hydrolyzes as a first-order reaction, as a result of which its content in the reaction
medium decreases and the inactivation rate slows down.

However, the difficulties associated with obtaining avirulent and immunogenic preparations, as
well as the low reproducibility of the results, prevented the widespread introduction of inactivated
vaccines with a physical method of virus inactivation into industrial production.

The practice of making preparations for active immunization of animals with inactivated vaccines
has shown the advantage of chemical inactivation of viruses, when they lose the ability to reproduce,
but retain the antigenic and immunogenic properties of the original virus.

Various chemical agents are used to inactivate viruses, which, interacting with the viral particle,
cause either incomplete oxidation of functional groups or acylation of the protein molecule. All
inactivating agents alter both the nucleic acid and protein of the virus.

Formalin was the first chemical reagent used to prepare inactivated vaccines. Formalin is a 34.9-
38.0% aqueous solution of formaldehyde in the form of methylene glycol hydrate, which has high
chemical activity with a wide range of reactions The mechanism of the inactivating effect of formalin
on viruses is fairly well understood. Formalin reacts not only with nucleic acid, but also with acid within
the undestroyed virion. The inactivation curve of rhinopneumonia virus is similar to that of poliovirus
inactivation by formaldehyde. In the first hours of exposure, there is a sharp decline in the infectivity
curve, which then turns into a more or less continuous line [9].

Inactivation of smallpox virus with formaldehyde does not guarantee a completely safe vaccine.
Some investigators have found smallpox virus capable of replicating in vaccines regardless of the viral
raw material used in vaccine manufacture. Beta-propiolactone was used in the manufacture of vaccines
against Aujeszky's disease, rinderpest, Newcastle disease, and vesicular stomatitis. Inactivation with this
preparation was much faster than with formaldehyde. In addition, there is evidence that the
immunogenicity of preparations of rinderpest virus inactivated with beta-propiolactone is inferior to that
of preparations inactivated with formaldehyde [10].

Zhugunusov K.D., Taranov D.S. et al. conducted comparative studies to evaluate the effectiveness
of different adjuvants in the manufacture of inactivated bluetongue vaccine. The results of the study
showed good stability of the emulsified vaccine with an oil adjuvant and the absence of reactogenicity
in sheep when administered intramuscularly [11].

Studies on the use of phenol, formaldehyde, hydroxylamine, and acetylethylenimine as
inactivants showed that the efficacy of vaccines produced using the above compounds was significantly
lower than the immunogenicity of 3-propiolactone.

Analysis of literature data indicates that the search for the most effective inactivants remains one
of the topical issues in the production of effective smallpox vaccines [12-20].

Thus, the results of the study of the epizootic situation, as well as the development of prophylactic
preparations for camelpox will make it possible to optimize anti-epizootic measures to prevent the
emergence and spread of this disease among camels in the Republic of Kazakhstan.

Materials and methods. Blood serum from camels of different ages from Mangistau, Atyrau,
Turkestan and Kyzylorda regions (710 samples) was used for serologic studies. Trained specialists with
smallpox vaccination were allowed, as people are susceptible to camelpox virus due to the kinship of
the causative agent with the causative agent of smallpox. Detection of antibodies to camelpox virus was
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carried out by ELISA method (Abbexa, UK). In the studies to determine the sensitivity to camelpox
virus, transfected cell lines sheep kidney, Vero, MDVK, TT and primary-trypsinized cultures of lamb
kidney and testicle of lambs were used. For the neutralization reaction, the tested sera were inactivated
at 56 °C for 30 minutes and double dilutions were prepared from 1:2 to 1:16.

The methods of infection, cultivation, virus collection, sensitivity assessment and adaptation of
cell cultures in the second and subsequent passages were similar to those in the first passage. To
determine the titer of biological activity of camelpox virus, cell cultures (Vero, sheep kidney, calf
testicle, MDVK, lamb testicle, lamb kidney) were seeded on 96-well plates 24 hours before infection.
Concentrated camelpox virus was layered on a 30% sucrose density gradient and purified by
ultracentrifugation at 30000 rpm for 2 h (4 °C). The virus precipitate was collected and resuspended
2 times with Tris-HCI buffer (pH 7.2-7.4). The virus was stored at minus 70 °C until use. The resources
of the National Center of Biotechnology (Astana) and software utilities "BLAST" and "Vector NTI
9.1.0" were used in the study of molecular genetic characteristics.

Plasmid DNA with a marker insert was used for PCR amplification. The DNA sample isolated
from the isolate was identified by determining the direct nucleotide sequence of the ATI gene fragment
and then determining its nucleotide identity with sequences deposited in the GeneBank international
database. Sequencing was performed using BigDye® Terminator v3.1 Cycle Sequencing Kit (Applide
Biosystems) according to the manufacturer's instructions. Bioinformatic analysis of sequencing
sequences was performed using Eneious 11.0 computer program (Biomatters, New Zealand). Alignment
and phylogenetic analysis of sequenced genes with nucleotide sequences from GenBank were performed
using the computer program MEGA 6.0 using the maximum likelihood method based on 500 samples,
GTR model.

Results and discussion. In the development of inactivated culture vaccine against camelpox,
the deposited strain of camelpox virus M-0001, isolated in one of the farms of Mangistau region in 2020,
was used. During inactivation 0.05 % of final concentrations of inactivant R-propiolactone was used. To
stimulate the immune response, adjuvant Montanidae GelOl in 1% concentration was used. The
technology of this experimental series of inactivated camelpox vaccine consisted of several steps:
inactivation of camelpox virus; residual virulence test was performed on PJ cell culture. When testing
the avirulence of the suspension on sensitive animals, five guinea pigs were injected with inactivated
material in the volume of 1 cm3 subcutaneously. The animals were monitored for 14 days.

The results of the literature analysis allowed us to choose formaldehyde and B-propiolactone as
the most promising and effective chemical compounds for inactivation of M-0001 camelpox strain. All
works were carried out at the production base of DiaVak-ABN LLP.

Given the insufficient information on the regulations of camelpox virus inactivation by -
propiolactone, in the present studies we considered it necessary to establish the optimal final
concentration of the inactivant, temperature of the reaction medium, and duration of inactivation of
strain M-0001 of camelpox virus. Formaldehyde and B-propiolactone at different final concentrations
and temperature conditions were used as camelpox virus inactivant. Working solutions of the inactivants
were used in this work, which were prepared immediately before inactivation. Inactivation with -
propiolactone can be obtained by combining B-propiolactone solution with virus suspension to a final
concentration of B-propiolactone of about 1-2 mM. It was incubated at 35-40 °C with constant stirring
for 36-72 h.

For preparation of 3% formaldehyde we used technical formalin, highest grade, with
formaldehyde content not lower than 36%.

Based on the concentration of formaldehyde in formalin, a 3% formaldehyde solution was
prepared using sterile distilled water. The formaldehyde solution was prepared in glass bottles on the
day of making the experimental trial series.

The content of formaldehyde in the initial formalin is 36 %. To prepare a 3% formaldehyde
solution, the following formula (2) was used:

X=3x100/36=8,3(2)

36 g formaldehyde is contained in 100 g formalin, 3 g formaldehyde is contained in X formalin.

The calculated amount of formalin (8.3) in milliliters was diluted to 100 ml with sterile distilled
water.

In studying the virulicidal activity of formaldehyde, 3% formaldehyde solution was added to
samples of clarified suspension of OV virus to final concentrations of 0.02; 0.04; 0.08 and 0.1%.
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Inactivation was continued for 10-38 hours at temperatures of 4, 27 and 37 °C and pH in the
suspension 7.4-7.6. After the expiration of the specified period of inactivant action, the suspension was
cooled at 4-6 °C and neutralizing solution of sodium thiosulfate was added.

In experiments to determine the mode of camelpox virus inactivation, a culture strain that had
undergone 15 consecutive passages on lamb kidney cell culture was used. For virus inactivation,
formaldehyde was used at concentrations of 0.02; 0.03; 0.05 and 0.1% relative to the total biomass
volume. In the course of the experiment, the terms of complete inactivation of camelpox virus were
established at temperatures of 4, 27 and 37°C, at pH of the suspension 7.4-7.6. The initial biological
activity was 6.25 IlgTCD50/cm?.

Avirulence of preparations was determined by the method of cytopathogenic effect on lambs
kidney cell culture and infection of guinea pigs. As a result, the concentrations of the inactivant at which
there is no residual infectivity were determined.

The results of studies to determine the optimal concentration of inactivants are presented in
Table 1.

Table 1 — Inactivation of camelpox virus by formaldehyde and beta-propiolactone at different
temperatures and concentrations of inactivants.
Concentration Time of complete inactivation of smallpox virus at temperatures, hours
Inactivant Formaldehyde Beta-propiolactone
concentration, % 4°C 27°C 37°C 4°C 27°C 37°C
0,1 96 30 14 94 20 10
0,05 144 33 27 144 24 25
0,03 184 37 30 184 33 30
0,02 195 42 35 196 39 31

The data of table 1 reflect the virulicidal activity of camelpox virus at different concentrations of
formaldehyde and beta-propiolactone, at pH of suspension 7.5 and temperature regimes of 4°C, 27°C
and 37°C. The duration of camelpox virus inactivation time was directly dependent on the concentration
of virus suspension inactivants and exposure temperature. Increasing the inactivation temperature by
23°C and 10°C accelerated the loss of infectivity by 3.5 and 2.5 times, respectively. Data analysis shows
that the Kinetics of camelpox virus inactivation by formaldehyde deviates from the first-order reaction.
First there is a relatively sharp decline in infectivity, followed by a transition into a more or less
prolonged "log phase". The lowest concentration of 0.02% formaldehyde inactivated the camelpox virus
within 35 hours at 37 °C, and at 27°C within 42 hours, and when using 0.1% reagent concentration, the
inactivation time was sharply reduced, and the infectivity of the virus was not established after 14 and
30 hours, respectively. The use of 0.1% formaldehyde significantly reduced the inactivation time and
increased the likelihood of complete loss of virus infectivity. Beta-propiolactone concentration of 0.02%
inactivated camelpox virus within 31 hours at 37°C, and at 27°C within 39 hours, and when 0.1% reagent
concentration was used, the inactivation time was sharply reduced and the infectivity of the virus was
not established after 10 and 20 hours, respectively.

The inactivation process with beta-propiolactone with a concentration of 0.05% was recognized
as optimal, as this concentration is not toxic to the animal organism in contrast to the concentration of
0.1% and provides complete inactivation and reliability within 24 hours at 27°C.

The data in the table also indicate that decreasing the concentration of inactivants resulted in an
increase in virus survival time, and increasing the concentration of inactivants resulted in a decrease in
inactivation time, regardless of exposure temperature.

The avirulence of suspensions of inactivated camelpox virus was tested on guinea pigs to avoid
distortions of the obtained results. In parallel, we switched to the determination of avirulence of
inactivated preparations by cytopathogenic effect on lamb kidney cell culture.

The choice of these parameters is due to the preservation of the initial antigenic activity of the
virus and practically threefold reserve of the inactivation period, which theoretically guarantees the
obtaining of avirulent virus-containing suspension.

Avirulence of the inactivated suspension using the above inactivation parameters was determined
by titration in lamb kidney cell culture on guinea pigs, to which the inactivated suspension was injected
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subcutaneously at a dose of 1 cm3. The guinea pigs were clinically monitored for 14 days at 26-28°C.
The guinea pigs remained clinically healthy during the observation period.

Control of inactivation completeness was carried out on lamb kidney cell culture during three
consecutive passages, within 5-7 days. No visible changes in the cytopathogenic effect of the virus were
observed in the cell culture, indicating complete inactivation of the virus.

Thus, inactivation of camelpox virus by p-propiolactone at 0.05% concentration at 27°C and at
pH of reaction medium 7.4-7.6 for 24 hours allows complete inactivation of the virus with preservation
of antigenic properties of the virus.

The inactivated viral suspension was supplemented with 1% adjuvant Montanide™ GEL 01,
which has a nonspecific stimulating effect. The prepared preparation was injected into laboratory
animals (guinea pig) intramuscularly in a volume of 0.3 cm®. At 7, 14, 21 and 28 days after vaccination,
blood serum samples were collected and analyzed by complement binding reaction to determine the
level of antibodies. The level of antibodies was used to judge the immunogenicity of the tested
preparation; the data of these studies are shown in table 2.

Table 2 — Titer of virus neutralizing antibodies in serum of guinea pigs inoculated with inactivated
reparation against camel pox

Antibody titer
N Name of material _Tlme O.f onset of n- Results
immunity (days) | neutralization
reaction

1 Guinea pig blood serum 7 1:2-1:4 positively
2 Guinea pig blood serum 14 1:4-1:8 positively
3 Guinea pig blood serum 21 1:16 positively
4 Guinea pig blood serum 28 1:16 positively

The results of the studies show that the antibody titer against camelpox on 7 days was 1:2-1:4, on
14 days 1:4 - 1:8, on 21 and 28 days 1:16. These data will be taken into account in further studies when
developing an inactivated preparation for this infection.

To study the immunobiological properties of the preparation and subsequent substantiation and
experimental confirmation of optimal schemes of camel immunization, 1 experimental-laboratory series
of culture inactivated vaccine against camel pox from strain M-0001 was prepared according to the
developed technology.

Conclusion. Formaldehyde and p-propiolactone were chosen as the most promising and effective
chemical compounds for inactivation of camelpox strain M-0001. Inactivation with beta-propiolactone
was continued for 24-196 hours at temperatures of 4, 27 and 37°C and pH in suspension 7.4-7.6.
According to the results of these studies, the optimal mode of camelpox virus inactivation with
B-propiolactone at 0.05% concentration at 27°C and at pH of the reaction medium 7.4-7.6 for 24 hours
was recognized. The choice of these parameters is due to the preservation of the initial antigenic activity
of the virus and practically threefold reserve of the inactivation period, which theoretically guarantees
obtaining an avirulent virus-containing suspension.

Avirulence of the inactivated suspension was determined by titration in cell culture of lambs
kidney, as well as on guinea pigs, to which the inactivated suspension was injected subcutaneously at a
dose of 1 cm3. The guinea pigs were clinically monitored for 10 days. The guinea pigs remained
clinically healthy during the observation period. The control of inactivation completeness was carried
out on the cell culture of lambs kidney during three consecutive passages, during 5-7 days in the cell
culture no visible changes of cytopathogenic effect of the virus were observed, which indicates complete
inactivation of the virus.

1% adjuvant Montanide™ GEL 01 was added to the inactivated viral suspension, and the
preparation was administered to laboratory animals (guinea pig) intramuscularly in the volume of
0.3cm?® In 7, 14, 21 and 28 days after vaccination we took samples of blood sera, which were examined
in the complement binding reaction to determine the level of antibodies, the level of antibodies was used
to judge the immunogenicity of the study drug, that the titer of antibodies against camelpox on 7 days
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was 1:2-1:4, on 14 days 1:4 - 1:8, on 21 and 28 days 1:16. These data will be taken into account in
further studies when developing an inactivated preparation for this infection.

To study the immunobiological properties of the preparation and subsequent substantiation and
experimental confirmation of optimal schemes of camel immunization, 1 experimental-laboratory series
of inactivated vaccine against camel pox from strain M-0001 was prepared according to the developed
technology. The experimental-laboratory series of the vaccine was tested on naturally susceptible
animals to study its harmlessness and immunogenic properties.
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Kazakhstan: for Ne04/8-21-29 "Program-targeted financing of scientific research and activities" 2021-
2023.

REFERENCES

1 Camel breeding in Kazakhstan / Website "Agrolnfo" [Electronic resource], [Text] / Access
mode: https://agroinfo.kz/verblyudovodstvo-v-kazaxstane/ (date of circulation 26.05.2022).

2 Development of camel breeding in Kazakhstan / Site "Agriexpert.ru”. [Electronic resource].
[Text] / Access mode:https://agriexpert.ru/articles/3/razvitie-verblyudovodstva-v-kazaxstane (date of
address 26.05.2022).

3 Mangistau region has provided camel growth in Kazakhstan [Text] / Site "AGRONEWS".
[Electronic resource]. - Access mode: https://fagronews.com/kz/ru/news/breaking-news/2018-02-
20/26533, (date of address 26.05.2022).

4 Strognova l.Ya., Trukhonenko A.A. Use in virology cell culture / Methodical instructions.
Krasnoyarsk State Agrarian University. - Krasnoyarsk, 2013. - 48 c.
http:///www.kgau.ru/sveden/2017/ipbivm/mu_360501_9.pdf

5 Borisova, I.A. Development of technology of manufacturing and control of inactivated vaccine
against Nyukasl disease and metapneumovirus infection of birds 03.00.06. - "Virology" abstract of the
dissertation for the degree of candidate of biological sciences [Text] / I.A. Borisova / Vladimir 2008.
179 c.

6. Smarodintsev, A.l. Safety and immunogenicity of trivalent inactivated influenza vaccine with
a new adjuvant // Dissertation of Candidate of Sciences: 03:02.-Virology, FGBU "Research Institute of
Influenza named after A.A. Smarodintsev" of the Ministry of Health of the Russian Federation, [Text] /
A.l. Smarodintsev// A.l. 2015.136 p.

7 Chernos V.1., Gendon Y.Z. // Voprosy virosologii. - 1964. - Ne2. - C.148.

8 Fayet, M.T. Concentration du virus de la fievre aphteuse par le polyethylene glycol [Text] /
M.T. Fayet// Ann. Ints. Pasteur. 1970. - Vol. 118. Ne3. - P.356-366.

9 Garnier, R. Formaldehyde toxicity. A review [Text] / R. Garnier, X. Rousselin, Rosenberg
/lInst. Nat. Rechi. Stcur. - 1989. - 134. - P. 63-85.

10 Card, S. Inactivation of poliovirus by formaldehyde. Analyses of inactivation curve [Text] /
S. Card //Arch. Ges. Virusforsch. - 1957. - 7. - P. 471-482.

11 Zhugunusov, K.D. Comparative evaluation of the effectiveness of different adjuvants in the
manufacture of inactivated vaccine against bluetongue [Text] / K.D. Zhugunusov, D.S. Taranov et al.
/I Scientific Research Institute of Biological Safety Ministry of Education and Science of the Republic
of Kazakhstan. - Actual issues of veterinary biology Ne 3 (35) 2017.

12 World Organisation for Animal Health . OIE 2012. Manual of Diagnostic Tests and Vaccines
FOR Terrestrial Animals Camelpox. World Organisation for Animal Health; Paris, France: [Text] /
2012. pp. 1175-1182. [Google Scholar]

13 L.J. Reed, H. Muench A simple method of estimating fifty per cent endpoints. [Text] /
Reed L.J., Muench H.// Am. J. Epidemiol. 1938;27:493-497.
doi: 10.1093/oxfordjournals.aje.a118408. [CrossRef] [Google Scholar]

14 Khalafalla, A.l. Laboratory and field investigations of a live attenuated and an inactivated
camelpox vaccine. [Text] / A.l. Khalafalla // [(accessed on 5 June 2014)];J. Camel Pract.
Res. 2003 10:191-200. Available
online: https://eurekamag.com/research/004/218/004218166.php [Google Scholar]

15 Tuppurainen, E. Review: Vaccines and Vaccination against Lumpy Skin Disease. Vaccines.
[Text] / E. Tuppurainen //2021;9:1136. doi: 10.3390/vaccines9101136.

284


https://scholar.google.com/scholar_lookup?title=OIE+2012.+Manual+of+Diagnostic+Tests+and+Vaccines+FOR+Terrestrial+Animals+Camelpox&publication_year=2012&
https://doi.org/10.1093%2Foxfordjournals.aje.a118408
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Epidemiol.&title=A+simple+method+of+estimating+fifty+per+cent+endpoints&author=L.J.+Reed&author=H.+Muench&volume=27&publication_year=1938&pages=493-497&doi=10.1093/oxfordjournals.aje.a118408&
https://eurekamag.com/research/004/218/004218166.php
https://scholar.google.com/scholar_lookup?journal=J.+Camel+Pract.+Res.&title=Laboratory+and+field+investigations+of+a+live+attenuated+and+an+inactivated+camelpox+vaccine&author=A.I.+Khalafalla&author=G.A.+El+Dirdiri&volume=10&publication_year=2003&pages=191-200&

ISSN 2305-9397. FbiibiM )oHe 6inim. 2024. N2 2-1 (75)

16 Bayantassova S., Kushaliyev K., Zhubantayev 1., Zhanabayev A., Kenzhegaliyev Z.,
Ussenbayev A., Paritova A., Baikadamova G., Bakishev T., Zukhra A., et al. Knowledge, attitude and
practice (KAP) of smallholder farmers on foot-and-mouth disease in Cattle in West Kazakhstan. Vet.
Med. Sci. 2023 doi: 10.1002/vms3.1097.

17 Issimov, A. etal. Risk factors associated with lumpy skin disease in cattle in West Kazakhstan.
[Text] / A. Issimov et al. // Prev. Vet. Med. 2022;207:105660. doi: 10.1016/j.prevetmed.2022.105660

18 Abdellatif, M.M. Development and evaluation of a live attenuated camelpox vaccine from a
local field isolate of the virus. [Text] / M.M. Abdellatif //Rev. Sci. Tech. 2014;33:831-838.
doi: 10.20506/rst.33.3.2321.

19 Hafez, S.M. Development of a live cell culture camelpox vaccine. [Text] / S.M. Hafez //
Vaccine. 1992;10:533-539. doi: 10.1016/0264-410X(92)90353-L.

20 Vy, V.N.B.Etude préliminaire de 1’innocuité et du pouvoir immunogéne de la souche atténuée
VDA47/25 de camelpoxvirus [Text] / V.N.B. Vy, Guerre L.// [Preliminary study of the safety and
immunogenicity of the attenuated VD47/25 strain of camelpoxvirus] Rev. Elev. Med. Vet. Pays
Trop. 1996;49:189-194. doi: 10.19182/remvt.9511.

TYWIH

Bupycrapmas MHAKTUBAIUSIIAY IbIH XUMUSIIBIK amicrepi oJIap Ikl KOJIJIaHy IbIH
KapanaibIMIBUIBIFBIHA, KO3IBIPFBIMITAP/IBIH aHTUTEHIIK KYPBUIBIMBIHA )KYMCaK dCep eTyiHe, CeHiMi
WHAKTUBAIMACHIHA JKOHE HOTIDKEIEPAIH KOFaphl KaWTallaHyblHa OaillaHBICTHI OHJIpiCTEe KEHiHEH
KOJIIAaHBLIABI. MIHAKTHBAHTTAp PETiHAC KOJJIAHBUIATHIH OapiblK OCriai XMMHUSIIBIK KOCHUIBICTAPIbIH
imriaae hopMabaery] eH B-POMHOIaKTOH €H KOIl TapajFaH.

[lemex BUPYCHIH HHAKTUBAIUSIIAY PEKUMIH aHBIKTAY TOXKiprOenepinae Ko3bl OYHperiHiH TopIia
OCiHJICIHIe KaTapblHAH 15 y3[ikci3 maccaxigay KOJIAHBUIABL. BHpYyCTHl HHaKTHBaLMsUIay YIIiH
dopmanpaerun 0,02; 0,03; 0,05 xone 0,1% KOHIECHTPALUACHIHIA OMOMACCAHBIH KAJIIbl KOJCMIHE
KAaTBICTBl KOJJAHBUIABI. ODKCHEpUMEHT OaphichiHAa mremek BupychiH 4°C, 27°C xome 37°C
TeMmreparypana, cycrneH3usHelH pH 7,4-7,6 TemmepaTypaia TOJBIK HMHAKTHUBALMSIIAY Mep3iMaepi
oenritenai. bacrankel OMoaorusUILIK Oencenaimik 6,25 THO50 / cMm3.

BaxkmuHans! o3ipriey Ke3iHae aablOBaHTTHI TaHAAYy BaKIIMHAHBIH KACHETTEPI YIIIH 6TE MaHBI3IbI
eKeHi Oenrini. OMOeban abIOBaHT KOK JKOHE KAyilCi3liK MeH THIMALIIK apachlHAa SpKallaH KoMIIara
keny Oap. COHIBIKTaH TaHJIAJIFaH aJbIOBAHT MAKCATThl TYPre, aHTUTCHIE, €Iy 9JIiCIHE KOHE KaKEeTTI
UMMYH/IBIK JKayarKa XoHe OHBIH Y3aKThIFbIHA OaiiaHbicThl O0aapl. byt 3eprrey Montanide ™ GEL
01 cHHTETHKAIBIK ITENTHUIKE HETi3eNreH BaKIMHAIa KYIITI aIbIOBAHT PETIH/IE SPEKET €Te allaThIHBIH
JKOHE 1pi jKaHyapiap VIIIH JKOFapbl Kayincizmik mnpoduiai Oap KojmaHyFa OHail »oHE ap3aH
BETEPHUHAPJIBIK BaKI[MHA EKCHIH TIKEJICH JeN ek i,

PE3IOME

XuMHYECKHe METOAbl MHAKTUBAIIMKA BUPYCOB HAIUIHA IIMPOKOE MPUMEHEHNE B TIPOU3BOJICTBE B
CBSI3U C MPOCTOTOM HUX WCIOJB30BAHUS, IAJAIIEr0 BO3ACHUCTBUA HA AHTUTEHHYIO CTPYKTYpYy
BO30yuTeNeH, HaJe)KHOW WHAKTUBAIMEH W BBICOKOW BOCHPOM3BOJIMMOCTBIO pe3ynbTaToB. M3 Bcex
M3BECTHBIX XWMHUYECKHX COCIWHCHUN, NPUMCEHSIBIINXCS B KAaueCTBE WHAKTHUBAHTOB, HaWOOIbIIEe
pacnpocTpaHeHue Hanu (opMasbaeria U B-1ponronakToH.

B onbiTax no onpeaeneHuro pexxuMa MHaAKTUBALMK BUpyca OB ncnonb3oBanu KynbTypalbHbIN
mTamMM, TIporeamuid 15 mociaenoBaTeabHBIX Maccaxeil Ha KyiabType kieTok I15. Jlns nHakTuBarmm
BHpycCa UCTONIb3oBanu Gopmanpaeru B kornerrpanusx 0,02; 0,03; 0,05 u 0,1% mo oTHOIIEHHWIO K
obmemy o0beMy Oromaccel. B mporiecce mpoBeeHHsT SKCIIEPUMEHTa YCTAaHABIMBAIM CPOKH TTOJTHOM
nHakTuBauu Bupyca OB mpu temneparype 4, 27 u 37°C, npu pH cycnensun 7,4-7,6. cxonnas
Ouonoruyeckas akTuBHOCTH 6,25 1gTLI50/cm®,

XopoIIo U3BECTHO, BBIOOP aJbIOBAHTA MPHU pa3paboTKe BaKIMHBI UMEET PEIIaroliee 3HaYCHHE
JUISL CBOWCTB BaKIMHBL. YHUBEPCAJIBHOIO aJblIOBAaHTA HE CYIIECTBYET, M BCErJa CYyIIECTBYET
KOMIIPOMHUCC MEXAy Oe30macHocThi0 U 3 (ekTuBHOCTBIO. ClieJ0BaTEIbHO, BBIOPAHHBIM aabIOBAHT
Oyzer 3aBHCETh OT BHa MHIIICHHU, AHTUT'EHA, CTI0C00a WHOKYJISIIINY U KEJITaeMOT0 UMMYHHOTO OTBETa U
€ro MPOAOKUTEIBHOCTH. DTO MCCIEAOBAHUE MPEJOCTABISET MPSAMBIE JOKA3aTEIbCTBA TOrO, YTO
Montanide™ GEL 01 moxer neiicTBOBaTh KaK MOIIHBIM aqbIOBAHT B CHHTETUYECKONM BAKLIMHE HA
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