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ASSOCIATION OF GENETIC POLYMORPHISM OF LTF, MBL1 AND TLR -9 WITH
RESISTANCE TO CHLAMYDIOSIS IN HOLSTEIN CATTLE

ANNOTATION

Chlamydia is one of the most common and damaging diseases of cattle in the Republic of
Kazakhstan. It is caused by intracellular parasites of the genus Chlamidia, different types of which
infect individual organs or tissues of the animal. Due to the large number of potential carriers of the
infection, work aimed at identifying genetic factors of resistance to chlamydia in livestock and
developing test systems that allow identifying resistant and vice versa - susceptible animals in the
early stages of ontogenesis. The search for genetic factors primarily focused on genes encoding the
main components of innate immunity, which include genes encoding lactoferrin (LTF), the mannose-
binding lectin MBL1 and the Toll-like receptor group gene TLR-9. The subjects were 186 cattle of
Holstein breed, among whom 93 were cattle with a confirmed diagnosis of chlamydia. The distribution
of genotypes for the polymorphic genes studied was analyzed against the theoretically expected
distribution according to Hardy-Weinberg law, and a comparative analysis of the distribution of
genotypes between groups of sick and healthy animals was carried out. The study identified single
markers and paired genotype combinations responsible for an increased risk of morbidity/resistance to
chlamydia in cattle.

Keywords: chlamydia, cattle, Holstein breed, genetic structure, stability, resistance, PCR-
RFLP, LTF, MBL1, TLR-9

Introduction. The leading branch of the agro-industrial complex of the republic, which
accounts for about 20% of the volume of food produced in Kazakhstan, has always been and remains
the dairy industry, which determines the relevance of research aimed at increasing the efficiency of the
industry.

Important role in increasing the productivity of the dairy industry is played not only by
modern technologies for breeding and selecting cattle, but also by the use of modern methods of
combating infectious diseases, which cause significant damage to the agricultural economy and pose a
threat to public health.
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Therefore, along with marker-associated breeding activities aimed at increasing the
profitability of the industry by increasing the genetic potential of the productivity of farm animals, the
use of genetic markers of resistance to bacterial infections can be of great help to veterinary medicine
and lead to increased profitability by reducing treatment costs and losses from mortality, abortion and
culling of sick animals.

Chlamydia is one of the most common and damaging diseases of cattle in the Republic of
Kazakhstan.

Chlamydia in cattle is a complex infectious disease with multiple forms. It is caused by
intracellular parasites of the genus Chlamidia, the different species of which affect individual organs
or tissues of the animal. Chlamydia is also dangerous for humans. Chlamydia parasites affect all
breeds of cattle. Animals become ill at any age and at any time of the year.

Basically, chlamydia lives in the gastrointestinal tract and genital organs, multiply in the
lymphoid organs, quickly spread to the liver, kidneys, spleen, and lungs. The development of the
disease affects the immune system. Adults are prone to frequent infections, young animals are far
behind in development. To infection with chlamydia, damage by viruses, bacteria, mycoplasma is
added. Chlamydia has many forms depending on the affected organs and tissues. Mortality depends on
the form of the disease. In particular, with the respiratory form it is up to 25%, with the genital form -
up to 60% [1, 2, 3].

It is almost impossible to control the infection, since there are extremely many potential
carriers. Therefore, works aimed at identifying genetic factors of resistance to chlamydia in livestock
and developing test systems that allow identifying resistant and vice versa - susceptible animals in the
early stages of ontogenesis.

The search for polymorphisms is primarily focused on genes encoding the main components
of innate immunity, which include genes encoding lactoferrin (LTF), the MBL1 mannose -binding
lectin, and the gene for the Toll -like receptor group TLR-9.

Lactoferrin (LTF) is an iron-binding glycoprotein and has a broad spectrum of antimicrobial
activity both in vitro and in vivo, and is found in milk and other exocrine secretions such as saliva,
tears, bile, urine, semen, vaginal fluids, nasal and bronchial secretions, and in blood plasma [4, 5, 6].
Lactoferrin is a multifunctional protein that stimulates the growth of lymphocytes, plays an important
role in the regulation of iron absorption, has antiviral, antibacterial, antifungal, antiparasitic, anti-
inflammatory, antioxidant, immunomodulatory and regenerative properties. It is also assumed that
lactoferrin has an immunomodulatory effect and may even slow down the growth of tumors [7, 8, 9].

Mannose binding lectin (MBL) is a calcium-dependent collagen protein that is involved in
complement activation via the lectin pathway (10). This complement system refers to non-specific
resistance factors, while providing immediate protection of the body against infection, including also
anti-inflammatory effects. This function is characterized by the secretion of opsonizing components
shortly after activation of the complement system, which in turn cover pathogenic microorganisms or
immune complexes, while increasing the phagocytosis process (11,12).

Another important function of the compliment system is its participation in the inflammatory
processes of the body [13]. The protein mannose-binding lectin is produced in the liver under the
influence of inflammatory cytokines. The production of MBL1 occurs as a response to infection, while
getting into the blood, it becomes part of the antigen-specific immunity mechanism. This protein is
part of many factors defined as acute phase proteins. It plays an important role in innate immunity.
MBL1 deficiency in humans is associated with low survival of newborns under the age of one year,
which, due to the immaturity of immunity, are very susceptible to infectious diseases.

Studies by a number of authors have shown the relationship between polymorphic variants of
the MBL1 gene with resistance to pathogens of various infections, including mastitis.

Genes encoding Toll-like receptors (Toll-like receptors TLRs) form a whole family of innate
immunity factors to bacterial and viral infections. For example, because TLR1 and TLR1/2
heterodimers recognize mycobacterial products, both genes are candidates for resistance genes
controlling paratuberculosis [14]. The protein product of the TLR4 gene is involved in the respiratory
disease of cattle associated with infection with Mannheimia (Pasteurella) haemolytica. A beneficial
effect of a single amino acid change in TLR4 on udder disease resistance and lactation tolerance has
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been demonstrated in a Canadian population of Holstein cattle [15]. The effect of this polymorphism
has been confirmed by an independent assay in Chinese cattle populations (Chinese Simmental,
Holstein and Sanhe), which are controlled for the presence of SCS [16]. The role of the TLR4
polymorphism in mastitis resistance is further supported by the association of the detected Alul
polymorphism in cattle TLR4 with the incidence of mastitis in Sahiwal cattle [17].

Bovine TLR5 is also a candidate gene for resistance to serious bacterial diseases [18];
however, the necessary experimental support in this direction is lacking.

Thus, the group of polymorphic variants of the family genes is of considerable interest from
the point of view of the search for genetic markers of innate resistance to chlamydia in cattle [19].

Conducting research to identify genetic mechanisms for regulating the incidence of chlamydia
in cattle will not only increase the efficiency of breeding work with breeding stock and increase the
profitability of commercial herds, but also reduce the cost of treatment and culling of sick animals due
to breeding measures to increase the innate resistance of animals.

The aim of this study was to investigate the effect of LTF, MBL1 and TLR-9 gene
polymorphisms on the incidence of chlamydia in Holstein cattle and to identify genotypes that mark
increased resistance and increased susceptibility.

Materials and research methods. The study included 93 heads of Holstein cattle diagnosed
with chlamydia and a group of healthy animals (control) in the amount of 93 heads. Age, housing and
feeding conditions were the same for all animals.

As material for genotyping, hair follicles were selected from animals. DNA extraction was
performed with a commercial DNA-Extran-2 kit (Syntol LTD, Russia). This kit provides isolation of
DNA of the required quality and concentration for the studies.

Determination of gentypes was carried out by PCR-RFLP (polymerase chain reaction -
restriction fragment length polymorphism).

The polymerase chain reaction was carried out in a volume of 25 ul. To prepare the PCR
mixture, we used the Intifica reagent kit (LLC Alkor Company Bio, Russia) : 10 x Taq buffer - 2.5 pul,
MgCI2 solution 25 mM - 2 ul; dNTP mixture - 0.2 pl; Tag DNA polymerase - 0.25 ul; primers
(synthesized by Applied Biosystems, USA) was added at a final concentration of 10 pM / ul , DNA
material - 1 ul. Amplification was carried out on a three-block thermal cycler ProFlex PCR System (
Applied Biosystems, USA).

TLR -9 gene, DNA  samples were amplified with  primers:  F:5'-
ATCTTCAACGACCTGACCCA-3' and R:5-AATCGCCAGACTTCCACCCT-3/, for the MBL1 gene:
F:5'-GTGGTGGCAAATGTTGGCTAAAC-3" and R:5-TGGCTCCTCCCTTTTCTCCCTT-3', for the
LTF gene: F:5'-GCCTCATGACAACTCCCACAC-3'and R: 5-CAGGTTGACACATCGGTTGAC-3.

Restriction fragments were separated by 2,5% agarose gel electrophoresis; molecular weight
marker O'RangeRuller 50 np DNA Ladder (Thermo Scientific, Lithuania).

Animal genotyping by polymorphism TLR -9- Bfal.

The TLR -9 - Bfal polymorphism is a T/C transversion at position + 979 of the TLR-9 gene,
accompanied by the substitution of the amino acid cysteine for valine at protein position 174, exon 2
[8]. When replacing G — A, a restriction site for Bfal appears (cuts C - TAG). Thus, a rare mutant
allele is cut into 2 fragments: 82 and 280 np.

As can be seen from Figure 1, after Bfal restriction and dispersal genotypes are identified:
TLR -9 genotypes Bfal ** 280 and 82 n.p., TLR -9 Bfal *° 362, 280 and 82 n.p. and TLR -9 Bfal ¢
362 n.p. Fragment 82 n.p. not rendered.

Animal genotyping for the MBL1-Haelll polymorphism was performed according to the
method described by Yuan et al. [20].

Amplification produces a PCR product = 255 np. After endonuclease cleavage with the
Haelll enzyme after electrophoresis in 3% agarose gel, PCR-RFLP fragments are visualized:
255/178/77 n.p. - genotype CC; 178/77 n.p. - TC genotype; 255 - n.p. TT genotype (Figure 2).

Animal genotyping for the LTF - EcoRI polymorphism was carried out according to the
method described by Wojdak-Maksymiec et al. [21].

After EcoRl restriction according to the manufacturer's protocol, the following fragments
are visualized in a 3% agarose gel: genotype 301 n.p. AA, genotype 201/100 n.p. BB, genotype
301/201/100 n.p. AB. (Figure 3).
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Figure 1 — Restriction fragment length polymorphism visualization Bfal,
polymorphic region of the TLR-9 gene in 2% agarose gel

Figure 2 — Electropherogram of the result of PCR-RFLP analysis of the gene,
mannose-binding lectin
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Figure 3 — Electropherogram of the result of PCR-RFLP analysis of the bovine lactoferrin gene
with primers LTFf+LTFr and endonuclease digestion with EcoRI
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Results and discussion. We have analyzed the compliance of the distribution of genotypes for
the studied polymorphic genes with the theoretically expected one, according to the Hardy - Weinberg
law. The significance of the observed deviations was assessed using the y *

The association of allelic variants of the TLR-9, MBL1 and LTF genes with resistance to
chlamydia was assessed by assessing the correspondence of the actual genotype frequencies to those
theoretically expected according to the Hardy-Weinberg law, as well as by comparing the distribution
of allele frequencies of the studied genes in groups of sick animals and a control group of healthy
animals, cows and assessment of the reliability of the observed differences. To do this, the relative
frequencies of allelic variants in the group of sick and healthy animals were calculated, and then the
calculated significance level P was found by the value of the t-criterion and the number of degrees of
freedom from Student's distribution tables. The difference between the samples is significant at P >
0.05.

The results of a comparative analysis of the relative allele frequencies of the studied genes are
shown in Table 1.

Table 1 — Distribution of relative allele frequencies of TLR-9 I, MBL1 and LTF genes in groups of sick
and healthy cows (Q + S o)

Polymorphism TLR- 9Bfal MBL1-Haelll LTF- EcoRl
Allele A G T C A B
Healthy 0,44+0,01 | 0,57+0,01 | 0,41£0,01 | 0,59+0,01 0,78+0,00 0,22+0,00
Chlamydia 0,53+0,01 | 0,46+0,01 | 0,40+0.01 | 0,60+0,01 0,73+0,00 0,26+0,00

The data presented in the table demonstrate the redistribution of allele frequencies according
to the TLR-9-Bfal and MBL1 -Haelll polymorphisms in the group of healthy and diseased animals.
Thus, the ratio of A and G alleles for TLR-9 Bfal polymorphism is 0,44+0,01 to 0,53+0,01 and
0,57+0.00 to 0,460,00 in the group of healthy and sick animals respectively. That is, the G allele is
more common in the group of healthy animals, and the A allele is more common in the group of
patients with chlamydia.

According to MBL1-Haelll and LTF-EcoRI polymorphisms, the most frequent in the group of
healthy animals, it is also the most frequent in the group of cows suffering from chlamydia. Thus,
according to the MBL1-Haelll polymorphism in both groups, the T allele is the most frequent. Its ratio
with the C allele is 0,41:0,59 and 0,40:0,6 in healthy and diseased animals, respectively.

According to LTF-EcoRI polymorphism in both groups, allele A is the most frequent. Its ratio
with allele B is 0,78:0,22 and 0,73:0,26 in healthy and diseased animals, respectively.

Table 2 shows the characteristics of samples of sick and healthy animals according to the
nature of the distribution of the genotypes of the studied genes. Statistical assessment of the
significance of the difference between the sample of sick animals and the control sample of healthy
animals according to the nature of the distribution of the genotypes of the TLR-9, MBL1 and LTF
polymorphic genes was carried out by finding the calculated significance level P by the value of the t-
criterion and the number of degrees of freedom from Student's distribution tables. The difference
between the samples is significant at P < 0,05.

Table 2 — Frequency distribution of genotypes of TLR-9 |, MBL1 and LTF polymorphic genes in the
group of healthy Holstein cows.

Polymorphism TLR-9 Bfal MBL1-Haelll LTF-EcoRI
Genotype AA AG GG TT TC CcC AA AB BB
n, 17 47 29 eleven 54 28 51 42 0
Healthy | no 18 45 29 16 45 33 56 32 5
(n=93) | y* 0,12 3,77 6,23*
Ny, 23 53 17 13 49 31 43 50 0
Chlamydia | N, 26 46 20 15 45 33 50 37 7
(n=93) | y?° 1,94 0,84 12,57*
R 0,063 0,916 0,337
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- The value of y 2for the significance level of 0,05 is 3,84

The difference between groups is significant at P<a; a=0,05

*_values of x were calculated with the Yates correction.

Weinberg law showed a significant redistribution of genotypes in the group of sick and
healthy animals according to the LTF-EcoRI polymorphism. In the group of healthy animals, a
deviation in the distribution is observed for the LTF-EcoRI polymorphism.

However, the ratio of homo - and heterozygotes for all three polymorphisms in patients and
healthy people is the same: the most common genotype among healthy people is the most common
among patients.

Comparative statistical analysis of a group of sick animals with a group of healthy animals in
terms of genotype frequencies did not reveal significant differences.

To clarify the data, we carried out a comparative assessment of the relative frequencies of
occurrence of genotypes in groups of sick and healthy animals. Numerical data are given in table 3.
Table 3 — Proportion of genotypes of polymorphic genes TLR-9 I, MBL1 and LTF in groups of sick
and healthy Holstein cows (n and % of the examined population).

Gene TLR-9 - Bfal MBL1-Haelll LTF-EcoRI
Genotype AA AG GG 1T TC CcC AA AB BB
Healthy 18,3 50,5 31,2 11,9 58,1 30,1 55,9 45,2 0,0
Chlamydia 24,7 57,0 18,3 14,1 52,7 33,3 47,2 53,8 0,0

The data shown in Table 3 quantitatively reflect the nature of the redistribution of genotypes
in the group of sick animals compared to the healthy group, and agree with the results of the analysis
of the correspondence between the observed frequencies and the expected equilibrium frequencies.

Regarding the TLR -9 Bfal polymorphism, it can be noted that in the group of animals with
chlamydia there is a significant excess in the proportion of genotypes AG (57,0 % to 50,5 % in
patients and healthy people, respectively) and AA (24,7% to 18,3% in sick and healthy, respectively,
and in the group of healthy animals there is a significant excess of the proportion of animals with the
GG genotype (31,2 % to 18,3 % in healthy and sick, respectively).

In view of the data in Table 2, which show significantly higher observed frequencies of the
AG genotype than theoretically expected according to Hardy-Weinberg law, the AG genotype can be
considered as an increased risk factor for chlamydia morbidity.

According to Table 3, it can be noted that in the group of animals suffering from chlamydia,
the frequency of occurrence of the TT genotype is increased (14,1 to 11,9% in the groups of sick and
healthy animals, respectively) and the frequency of the TC genotype is significantly reduced (58,1 and
52,7% in healthy and sick people, respectively). According to Table 3, it is in the group of healthy
animals that an approximately significant deviation of the observed TC genotypes in relation to the
expected equilibrium ones is observed. This allows us to consider the TC genotype as a genetic marker
of resistance to chlamydia.

Also, significant differences in the group of healthy and sick animals are observed in the
frequency of the LTF- EcoRI ** genotype 55,9 and 47,2%, respectively), as well as in the AB genotype
(45,2 and 53,8%, respectively).

Thus, the LTF- EcoRI * genotype can be considered as a genetic marker of increased
resistance to chlamydia, and the LTF- EcoRI “® genotype as a genetic marker of an increased risk of
chlamydia in Holstein cattle.

The study of the phenotypic effects of paired combinations of genotypes of polymorphic genes
TLR-9 I, MBL1 and LTF included direct calculation of observed frequencies, relative proportions,
comparative analysis and statistical assessment of the significance of differences in the frequencies of
occurrence of paired combinations of genotypes in the group of sick and healthy animals (Table 4).

Table 4 — The number of heads and the proportion of paired genotypes of polymorphic genes TLR -9 I,
MBL1 and LTF in groups of sick and healthy Holstein cows (n and % of the examined population).

No. Combination of genotypes Sick % Healthy % R
1 2 3 4 5 6 7

58



ISSN 2305-9397. FbiibiM xxoHe 6inim. 2022. N2 4-1 (69)

1 2 3 4 5 6 7

1 TLR9-Bfal ¢ - MBL1-Haelll 6 6,45 16 17,20 | 0,04
2 TLR9-Bfal ®¢- LTF- EcoRI ** 7 7153 16 17,20 | 0,05
3 TLR9-Bfal A¢ - MBL1-Haelll ¢ 9 9,68 15 16,13 | 0,06
4 LTF- EcoRI **- MBL1-Haelll ¢ 11 11,83 17 18,28 | 0,21
5 LTF- EcoRI - MBL1-Haelll ™ 24 25,81 28 30,11 | 0,44
6 LTF- EcoRI “B- MBL1-Haelll ™ 22 23,66 26 27,96 | 0,46
7 TLR9-Bfal ®© - LTF- EcoRI "B 9 9,68 12 12,90 | 0,52
8 TLR9-Bfal #®- LTF- EcoRI ** 25 26,88 27 29,03 | 0,54
9 TLR9-Bfal *- LTF- EcoRI ** 7 753 8 8,60 0,64
10 TLR9-Bfal ~*- MBL1-Haelll ™© 9 9,68 10 10,75 | 0,67
11 TLR9-Bfal ¢¢ - MBL1-Haelll " 4 4,30 5 5,38 0,69
12 TLR9-Bfal ®¢ - MBL1-Haelll ¢ 6 6,45 7 7,53 0,71
13 LTF- EcoRI - MBL1-Haelll T 5 5,38 6 6,45 0,76
14 TLR9-Bfal **- MBL1-Haelll " 1 1,08 1 1,08 0,83
15 LTF- EcoRI “B- MBL1-Haelll T 7 7,53 4 4,30 0,84
16 TLR9-Bfal “¢ - LTF- EcoRI “® 23 24,73 19 20,43 | 0,85
17 TLR9-Bfal A¢ - MBL1-Haelll ™ 31 33,33 27 29.03 | 0,86
18 TLR9-Bfal “*- LTF- EcoRI B 14 15,05 9 9,68 0,16
19 TLR9-Bfal A¢- MBL1-Haelll T 9 9,68 4 4,30 0,37
20 TLR9-Bfal ~*- MBL1-Haelll ¢© 12 12,90 6 6,45 0,27
21 LTF- EcoRI “B- MBL1-Haelll €© 20 21,51 11 11,83 | 0,05

The results of analysis of phenotypic effects of paired combinations of TLR-9 I, MBL1 and
LTF polymorphic genotypes in the groups of sick and healthy Holstein cows are a striking
confirmation of the assumptions and observations made in the analysis of their individual phenotypic
effects.

Thus, a comparative analysis revealed 3 paired genotypes, according to which the group of
sick animals differs statistically significantly from the group of healthy animals.

Two paired combinations of TLR9-Bfal®® - MBL1-Haelll™ and TLR9-Bfal®® -LTF-EcoRI**
are characterized by a significantly higher frequency of occurrence in the group of healthy animals
compared to those suffering from chlamydia. It is noteworthy that the structure of these paired
combinations includes genotypes that are factors of resistance to chlamydia: TLR9-Bfal®®, MBL1-
Haelll"and LTF- EcoRI™.

One paired genotype LTF-EcoRI*® -MBL1-HaellI°C is characterized by a significantly higher
frequency of occurrence in the group of animals suffering from chlamydia compared to the group of
healthy ones.

Conclusion. As a result of the conducted study, a sample of Holstein cows diagnosed with
chlamydia and a control group of healthy animals were characterized by the nature of compliance of
the observed genotype frequencies with the theoretically expected according to Hardy-Weinberg law,
by the percentage of genotypes in comparison with the control group of healthy animals, and also by
the nature of distribution of relative allele frequencies of the studied genes and their pairwise
combinations. Based on the identified features and the results of statistical processing of the data, the
following conclusions can be made.
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Genotypes TLR-9-Bfal**, TLR-9-Bfal*®, and LTF- EcoRI*® have been identified as genetic
markers for an increased risk of chlamydia. Their frequency ratios in the Sick/Healthy groups are
18,3/24,7, 50,5/57,0 and 45,2/53,8%, respectively.

Genetic markers of increased resistance to chlamydia are genotypes TLR -9-Bfal®®, MBL1 -
Haelll ™, and LTF- EcoRI™. The ratio of their frequencies is 31,2/18,3, 58,1/52,7 and 55,9/47,2% in
the healthy/patient groups, respectively.

Pair combinations of TLR9-Bfal®® -MBL1-Haelll™ and TLR 9-Bfal®® - LTF - EcoRI**
genotypes are also genetic markers of resistance to chlamydia. Their frequency of occurrence among
sick animals is 6,45 and 7,53% respectively and among healthy animals 17,20 and 17,20%,
respectively.

Genetic risk factors are the LTF - EcoRI*® -MBL1-Haell® pairing. The ratio of its frequency
in the sick/healthy group is 21,51/11,83%, respectively.

Information about financing. The work was executed within the framework of the project of
grant financing of young scientists of the Ministry of Education and Science of the Republic of
Kazakhstan for 2020-2022 "Develop a system for assessing resistance/susceptibility to bacterial
infections based on polymorphisms innate immunity genes in Holstein cattle" IRN AP08052983, of
state registration 0120RK00042.
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TYWUIH

Xnamunno3 Kazakcran PecryOnukachiHaarsl ipi Kapa MaJJIbIH €H KEeH TapaFaH JKOHE 3USH]IbI
aypyJaapbiHbIH 0ipi 6osbim Tabbutanel. Oubl Chlamidia TyKeIMIaChIHBIH JKaCyMIAINIIK Mapa3uTTepi
TYIBIPabl, OJAPABIH SPTYPIi TYpIepi skaHyap/blH jKeKe MylIeJepiHe HeMece TiHAEpiHe ocep eTefl.
WNH}eKIMsaHbIH oeyeTTi TachIMaIaylIbUIapbIHBIH KOMNTiriHe OaiaHbICThl MaJIblH XJIaMHUANO3Fa
TO3IMILUIITIHIH TeHeTUKAJBIK (aKTOPIAPBIH aHBIKTAyFa OHE OHTOTEHE3IiH OacTamKbl Ke3eHIepiH/e
TO3IMJIi JKOHE KepiCiHIIe ce3iMTal XaHyapiap[bl aHbIKTayFa MYMKiHJIK OepeTiH TecT-KyhelepiH
o3ipieyre OaFbITTalFaH JKYMbICTAp MaHBI3IBI Oonmyna. ['eHeTHKaNbIK (axkTopnapipl i3aey, eH
aNJbIMEH, Tya OITKEH WMMYHHUTETTIH HETi3Ti KOMIIOHEHTTEpPiH KOJTANTHIH TeHJepre OarbITTajfaH,
omap nmakropeppunai (LTF), manno3a OaimanbicTeiparsit JekTHHII MBL1 sxone TLR-9 Toll-topizmi
peuenTopiap TOOBIHBIH T'€HIH KOATaWdpl. 3eprrey oObekTinepi 186 Oac rommruH ipi Kapa Maibl
0omnmpl, OoHBIH imiHAe 93-HIH XJIAMHUAMO03 JUATrHO3BI pAcTalFaH. 3ePTTENETIH MOTUMOPQTHI TEHAEP
OOHMBIHIIA TEHOTUNTEP/IH TapalyblHbIH TEOPUSUIBIK KYTUIETIHre COWKECTIri TaljaHAbl, Xapiu-
BaitaOepr 3aHp! OOMBIHIIA aypy KOHE cay jKaHyapiiap TONTaphbl apachlHAa TeHOTHIITEP/IiH TapalyblHa
CAJIBICTBIPMABl  Tajlay OKYpri3inmi. 3eprrey HOTWXKECiHIE 1ipi Kapa Manga XJIaMUAHO3
aypYBIHBIH/PE3UCTEHTTITIHIH JKOFapbUlay KayliH TyABIpaTBIH Oip Mapkepiiep MEH TEeHOTHUNTEP.iH
KYITHIK KOMOMHAIIMSUIAPB! AHBIKTAIIIBI.

PE3IOME

OmauM u3 Hambosee paclpoCTPaHEHHBIX M HAHOCSAIIMX 3HAYUTENBHBIA YpOH 3a0o0JeBaHHA
KpyIHOro poratoro ckora B PecmyOnuke Kasaxcran sBusercs xmamuauo3. Ero BbI3BIBarOT
BHYTPHKJICTOUHbIC mapa3uTbl poga Chlamidia, paszHbie BUIbI KOTOPBIX MOPAXKAIOT OTAEIBHBIC OPTaHbI
WM TKaHHW XMBOTHOTO. BeiiegcTBHM OOMBIIOrO KOJIWYECTBO MOTECHIUAIBHBIX HOCUTENEH HHQEKINH,
Ba)KHOE 3HAUCHHE MPUOOpETaroT padoThl, HANpaBICHHBIC HA BBIABICHUE T'€HETUYECKHX (DaKTOPOB
PE3UCTEHTHOCTH K XJIAMHHO3Y Y CKOTa M pa3paboTKa TECT—CHUCTEM, TMO3BOJISIONINX HICHTUPOBATH
PE3UCTEHTHIX M HA00OpPOT — BOCHPHHMMYBBIX XMBOTHBIX Ha PAaHHUX CTaJusX OHTOreHe3a. Ilowmck
TCHETUYECKHX (AaKTOPOB B MEPBYIO OUYEpe/b COCPEAOTOYEH Ha TI'eHaX, KOAUPYIOUIMX OCHOBHBIC
KOMITOHEHTBI BPOXKJICHHOTO MMMYHHTETA, K KOTOPBIM OTHOCSTCS T'CHbI, KOJUPYIOIINE JIAKTOPEPPUH
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(LTF), manno3ocs3biBatommii stektiH MBL1 u ren rpymmsr Toll-momo6Heix peuentopos TLR-9.
OObekramu nccienoBanus crany 186 roIoB KpymHOTO poraToro cKoTa TOJIITHHCKON HOPOIBI, CPEeIH
KOTOphIX 93 OBUIM C TOATBEP)KACHHBIM JMAarHO30M XJIAMHAMO3. bBBUIO TpoaHaIM3MpOBaHO
COOTBETCTBHE pPACHpEACICHUS] T€HOTHIIOB Ul HCCIEAYEMBIX IOJIMMOP(HBIX T'€HOB TEOPETHUECKU
OXKHJAaeMOMY, COTJIaCHO 3aKkoHy Xapau-BaiiHOepra, TmpoBeneH CpaBHUTEIBHBIA  aHAIH3
pacripenencHuss I'€HOTUIIOB MEXAY TpymiiaMu OOJBbHBIX M 3J0POBBIX JKHUBOTHBIX. B pesynbrare
MPOBEICHHOTO HKCCIICAOBAHUS BBISBICHBI OJWHOYHBIE MapKepbl M MapHbBIE COYETaHHS T'€HOTHUIIOB,
00yCraBIMBArOIINE TIOBHIIIEHHBIA PHCK 32001€BaeMOCTH /Pe3UCTEHTHOCTH K Xiaamuanosy KPC.
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DEVELOPMENT OF OPTIMAL PARAMETERS OF INACTIVATION OF CAMELPOX
VIRUS

ANNOTATION

The article presents the results of the development of optimal parameters for virus inactivation
for the development of an inactivated pox vaccine. The study used inactivating agents (formaldehyde,
beta-propiolactone, and dimerethylenemine), which are widely used in vaccine production to
inactivate pox virus activity. During the study, beta-propiolactone and formaldehyde were selected as
the most effective inactivators for inactivating the pox virus. The final concentration of beta-
propiolactone 0.05% and formaldehyde 0.2% at 22°C completely inactivation the activity of the virus
and retained its antigenic properties. Binaryethyleneimine acted 0.2% slower than the two previous
agents and had a prolonged effect on the virus, reducing the antigenic activity of the virus. For virus
inactivation based on the two selected inactivating agents, a 0.05% solution of beta-propiolactone
inactivated the virus at 22°C in 5 hours, and a 0.2% formaldehyde solution at the same temperature
completely inactivated the virus in 8 hours. Inactivated samples based on effective inactivation
parameters were able to induce an immune response against camelpox in goats. Samples of inactivated
virus produced antiviral neutralizing antibodies on day 7 (0.5 log2), which ranged maximum on day
28 (3.0 log2). The results of the study will allow in the future to widely use the inactivated pox
vaccine in production.

Key words: camelpox virus, inactivation, camelpox vaccine, beta-propiolactone,
formaldehyde, dimerethyleneimine

Introduction. According to the World Organization for Animal Health (WAHO or, as it was
previously called, Office Internationale des Epizootics), camelpox (CMLP) is one of the rare, but very
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