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Annotation. Animal husbandry is one of the main branches of agriculture in the Republic of
Kazakhstan, in connection with which the primary task of the country's veterinary service is the prevention
of infectious diseases of animals, primarily zooanthroponous. Anthrax of farm animals (the Kazakh name
is topalan) is one of these diseases, and the fight against it has not only epizootological, but also epidemic,
environmental, economic and great social significance.

There are data of domestic and foreign researchers devoted to the topic of cultivation of the anthrax
pathogen, but they poorly show the influence of the temperature regime on the increase in the number of
viable spores. This article reflects the results of experiments with VNIIVVM strain 55 to achieve the above
goal. The studies were carried out using generally accepted methods in compliance with biological safety
standards. It was found that when cultivating VNIIVVM strain 55 at +32+1°C, for 96 hours, the highest
sporadic rate was observed at the level of 91%. The use of the established cultivation regime will reduce
the cost of vaccine production.

Keywords: bacterial mass, spores, temperature factor, topalan, vaccine strain.

Introduction. Despite the fact that more than 150 years have passed since the discovery
of the Topalan pathogen, the fight against this epidemic remains very relevant to this day, as the
ways of its complete eradication are one of the most urgent problems not only in our country, but
also in other countries of the world. Topalan epidemic is a very contagious disease that affects the
skin, intestines, lungs and runs septic. The causative agent is a bacillus that forms spores and
capsules. Spores of Topalan are very stable in the external environment, they can persist in the
soil for up to a hundred years or more.

The natural focus of the Topalan bacillus is the soil. The source of the epidemic is cattle,
horses, camels, sheep and goats among domestic animals. Wild, carnivorous animals, laboratory
animals, and humans are susceptible to Topalan. Sick animals excrete the pathogen through urine,
feces, and other fluids. Humans become infected with topalan when keeping, slaughtering,
butchering, and handling animal products (hides, wool, bristles). The outbreak can be transmitted
through soil, in which case the spores penetrate through the affected skin. Topalan can be
transmitted through poorly cooked meat and unboiled milk and by the aerogenic route.

According to the International Epizootic Bureau, UN FAO, and the International Health
Organization, 5-6 cases of topalan epidemics are registered annually in all countries of the world.
Annually, anthrax kills more than a million animals and sickens about 80 thousand people
(Ipotenko N.G., 1980).
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Among modern anti-epizootic measures, the most basic measure by countries of the world
1S immunization of animals against topalan. For this reason, improvement of the methods of
obtaining the vaccine used for this purpose is considered a very urgent issue.

According to many scientists, the most important of the anti-epizootic measures during an
epidemic is the vaccination of animals that have survived the epidemic.

Brauell F. A. [1], Koch R. [2], Pasteur L. [3], Tsenkovsky L. S. [4], Ginzburg N. N. [5],
Kolesov S. G. [6], Bakulov L. A. [7], Gavrilov V. A. [8], Ipotenko N. G. [9], Manichev A. A. [10]
and other scientists conducted research to study the pathogen, to improve control measures, and to
produce vaccine.

As a result of numerous studies, VNIIVVM strain 55 without capsule was obtained from
the All-Union Scientific Research Institute of Veterinary Virology and Microbiology in 1983. The
authors of the strain were 1. A. Bakulov, V. A. Gavrilov, and V. V. Seliverstov [11]. The vaccine
developed from VNIIVVM strain 55, widely distributed in vivo, demonstrated the breadth of its
immunogenic range for the vast majority of epizootically affected anthrax strains.

The most harmonious temperature of spore development in the report of Cherkassky B. L.,
Zhanuzakov N.N. [12] is within +30+35°C. At +30+37°C sporadic development continues for 16
hours, at +24°C - 36 hours, and at + 18°C - up to 50 hours. At temperatures below +150C and
above +420C, spore development does not occur. When growing cultures of the anthrax pathogen
at +420C, they completely lose sporadic properties.

According to Pastukhova B. N. [13], spores of the anthrax pathogen develop at
temperatures from +12+15°C to +42.5°C at a certain humidity. Spore development does not occur
at temperatures below +12°C and above +43°C.

The danger of anthrax is primarily associated with the severity of the course of the disease
in humans and animals, high lethality, significant economic costs of treating patients and
conducting anti-epidemic and anti-epizootic measures. Another aspect of this problem is the
prolonged survival of the anthrax pathogen in spore form in the environment, which leads to the
formation of persistent soil foci [14-20].

Turnbull P.C.B., Frawley D.A., Bull R.L. reports that estimating the true number of viable
anthrax spores is complex. Optimal heat activation conditions vary with species, media and
germinants. Published time/temperature combinations for Bacillus anthracis spores range from 60
degrees C for <or=90 min to boiling for 1 min. Results presented here indicate that temperatures
are best kept to <or=70 degrees C and holding times need not exceed 15-30 min. Under conditions
of 60 degrees C for 90 min, 62-23 degrees C for 15 min and 70 degrees C for 15 or 30 min,
although the ratio of heated: unheated counts ranged from <1 to >1, post-heating counts were less
than their pre-heating counterparts on between 71% and 88% of occasions. A high probability was
found of viable spore counts differing significantly from counts determined microscopically, with
differences of almost 1 log possible. Viable counts were lower than microscopic counts in 15 of
18 tests [21].

The most basic component in vaccine development is the microbial mass obtained from
the vaccine strain in special nutrient media. In this sense, the importance of improving the nutrient
media in which the microbial mass can be obtained as much as possible on an industrial basis,
without altering the properties of the vaccine strain necessary for the development of a vaccine
drug.

The scientists note that the above data, along with other factors, influence the change in
artificial nutrient media from capsule-type pathogen to spore-type, from high-yielding to low-
yielding, and that they undergo culture and other changes in different nutrient media.

Recent studies have shown that the function of the capsule of the anthrax microbe in the
pathogenesis of infection is not limited only to protection against phagocytosis.

The presence of an appropriate genetic apparatus and fine regulation of capsule formation
allow the microbe, probably at different stages of development, to use the highly polymeric capsule
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as an antiphagocytic component of pathogenicity, and the product of its depolymerization to inhibit
other immune mechanisms. In addition, the interaction of the capsule with the lethal toxin of the
anthrax microbe increases its toxic effect, and its effect on macrophages triggers inflammatory
immune reactions. It appears that the use of enzymes that destroy the capsule of B.anthracis may
be a means of anthrax therapy.

Particular attention in anthrax vaccine development has been given to obtaining its spore
form. Although some components of the nutrient medium composition have favorable effects on
spore development because of the multiplication limit and environmental conditions (pH) and
temperature, the occurrence or alteration of these factors beyond the periphery promotes the
transformation of spores into vegetative forms that are considered unnecessary for vaccine
development.

It is therefore important to determine the temperature regime of the nutrient-containing
medium that affects the development of spores used against anthrax and which are the basis of the
vaccine.

Materials and methods. Materials used: Bacillus anthracis VNIIVVM strain 55, meat-
peptone broth (MPB), meat-peptone liver broth soup (MPPB), meat-peptone agar (MPA),
Sabouraud medium, autoclaves, biological microscope according to normative and technical
documents, thermostat with heating temperature 37+1°C, vials with capacity of 100 m?; pipettes
with capacity of 0,1; 1,0; 2,0; 5,0; 10,0 cm3 according to GOST 29230; Petri dish according to
GOST 25336; glass tubes according to GOST 25336; physiological sterile solution pH 7,0-7,2;
agar meat-peptone according to GOST 29112; distilled water according to GOST 6709.

To obtain a vegetative culture of anthrax pathogen VNIIVVIM strain 55 was sown into
meat-peptone soup medium and grown in the thermostat at +37°C for 18-20 hours. The
concentration of microbial cells in vegetative cultures of the anthrax pathogen was determined
according to the optimal model of the L.A. Tarasevich Institute of GISC.

To obtain a spore culture, the vegetative culture was grown in meat-peptone agar at +28-
+37°C in the thermostat for 12-120 hours. Every 12, 24, 36, 48, 60, 72, 81, 96, 108 and 120 hours,
samples were taken from each culture grown under different temperature regimes, and the number
of viable spores was determined according to the standard method.

Results. To study the dependence of the sporadic phenomenon of Bacillus anthracis
VNIIVVIM strain 55 on the temperature factor, the dynamics of spore accumulation in different
temperature regimes of cultivation was tested.

For this purpose 9 Petri dishes were extracted, poured into them meat-peptone agar nutrient
medium and tested for neutralization by keeping them in the thermostat at +37°C for three days.
Bacillus anthracis VNIIVVVIM strain 55 was inoculated into the nutrient medium on which
neutralization was checked and the grown cultures were divided into three groups.

The cultures of the first group were left to determine the level of sporadicity in a thermostat
at +28+1°C, the cultures of the second group were left in a thermostat at +32+1°C, and the cultures
of the third group were left in a thermostat at +36+1°C to determine the level of sporadicity.

From each culture grown under different temperature regimes, samples were taken every
12, 24, 36, 48, 60, 72, 81, 96, 108 and 120 hours, in which the number of viable spores was
determined according to the standard method.

For ease of analysis and summarization, the percentage of the number of life-prone spores
in the total number of spores detected was determined. The results of the experiment are presented
in Diagram 1.

As can be seen from the diagram, when cultivating Bacillus anthracis VNIIVVIM strain
55 in different temperature regimes, the highest sporadicity rate (91%) was found when cultures
were grown in a thermostat with a temperature of +32+1°C. When the cultures were grown at
+36+1°C, the rate was slightly lower at 87%.

220



100 %I’

80%;
m 28°C

60 %
32°C
W 36°C

28°C 32°C 36°C 28°C 32°C 36°C 28°C 32°C 36°C 28°C 32°C 36°C 28°C 32°C 36°C
24 car. 48 car. 72 car. 96 car. 120 car.

Note: car-hours
Diagram 1 — Dependence of sporadics of vaccine strain SSVNIIVVIM on temperature regime

The lowest rate was determined when shoots were grown in thermostat with temperature
+28+1°C, it did not exceed 68 percent. The highest sporadicity rate was found when shoots were
grown for 96 hours (4 days). When crops were grown for 5 days (120 h) and 6 days (144 h), no
increase in sporadicity rate was found in samples taken on the respective days. Although the stable
temperature regime for pathogen growth is +36+1°C, the high maximum sporadicity rate at
+32+1°C can be explained as follows. Considering that the sporadicity of the pathogen is its
adaptation to an environment unfavorable for growth, it can be assumed that in this temperature
regime the phenomenon of sporadicity was at a high level, because the temperature regime of
+32+1°C is a relatively unfavorable environment for the growth of VNIIVVIM strain 55 compared
to the temperature regime of +36+1°C.

Based on the results of this study, to obtain the maximum number of spores from cultures
of VNIIVVIM strain 55, it is recommended to grow this strain in a mode with a temperature of
+32+1°C.

The maximum level of spore content when growing in the thermostat of VNIIVVIM strain
55 with temperature +32+1°C was determined after 96 hours (4 days). Extending the germination
period of cultures for 120 hours (5 days) and 144 hours (6 days) did not have a favorable effect on
increasing the level of spore formation. Therefore, incubation of cultures at +32+1°C should be
carried out not more than 96 hours (4 days) in order to reduce the time of vaccine development
technology from the indicated strain.

Since at cultivation of vaccine strains in the temperature regime of +32+1°C the content of
sporadicity exceeds 90 percent, the need to add turpentine solution used to increase spore
formation is eliminated. As a consequence, the vaccine under development will not contain
turpentine, which adversely affects vaccinated animals, and it will be possible to simplify the
technology of vaccine development.

In order to develop vaccines in large quantities industrially, the strain cultures required for
the vaccine are grown not in thermostats but in special thermal rooms. The size of thermal rooms
is several tens of times larger than that of thermostats and is usually 25-30 m2. Maintaining the
temperature in thermal rooms for up to 4 days at our recommended temperature of +32+1°C rather
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than +36+1°C to obtain spores of the vaccine strain will save energy. Saving electricity helps to
reduce the cost of the vaccine.

Discussion. In our experiments, we identified the optimal temperature factor affecting the
bacterial mass correction of the vaccine strain as a group among many factors.

Sporulation is a developmental process undertaken by members of the Bacillus genus in
response to unfavorable or nutrient-deplete growth conditions. The spore form of the bacterium is
metabolically inactive, resistant to environmental stresses, and can survive until conditions are
favorable for germination into a vegetative cell. Sporulation is energy exhaustive and is considered
a last resort for survival. The sporulation pathway has been well-studied in the archetype Bacillus
species, Bacillus subtilis. Nutrient deprivation is sensed by a multi-component signal transduction
phosphorelay ultimately resulting in phosphorylation of the master response regulator Spo0OA, and
a commitment to sporulation. Orthologs of the signal transduction phosphorelay are found in
members of the Bacillus cereus group, including the anthrax-causing bacterium Bacillus anthracis,
enabling these species to sporulate in a manner similar to that of B. subtilis.

When conditions are not conducive to growth and multiplication of the vegetative forms
of B. anthracis, they start to form spores. Sporulation requires the presence of free oxygen. In the
natural situation, this means the vegetative cycles occur within the low oxygen environment of the
infected host and, within the host, the organism is exclusively in the vegetative form. Once outside
the host, sporulation commences upon exposure to the air and the spore forms are essentially the
exclusive phase in the environment.

It is very largely through the uptake of spores from the environment that anthrax is
contracted. Within the infected host the spores germinate to produce the vegetative forms which
multiply, eventually killing the host. A proportion of the bacilli released by the dying or dead
animal into the environment (usually soil under the carcass) sporulate, ready to be taken up by
another animal. This uptake by the next host may happen at any time, from less than one hour to
many decades later.

It is noted in the specialized scientific literature that the virulence and pathogenic effect of
the anthrax pathogen is related to its capsule, exotoxin and aggressin, while immunogenicity
depends on its sporogenicity. For this reason, its spore-bearing forms are used to develop an
anthrax vaccine. According to N.G. Ipatenko [9], the role of spores of the anthrax pathogen is to
preserve the species of bacilli in an environment unfavorable for their existence. Taking into
account these conditions, in our experiments we considered the influence of the temperature factor
on obtaining the maximum possible number of its spore forms for the development of a production-
based vaccine from VNIIVVM strain 55.

In the reports of Ginzburg N.N. [5], Kolesov S.G. [6], Ipatenko N.G. [9], Cherkassky V.L.
[12] it is noted that the group pathogen can grow and form spores within +12+42°C. As you can
see, the growth range of the pathogen spores is very wide-from +12+42°C to +30°C. In the
specialized literature there is no data on at what temperature within +12+42°C the sporadica grows
well and accumulates as many spores as possible. Well, there are no contradictions of different
levels in the existing data either.

Kolesov S.G. [6] states that spores of the thrush pathogen grown at +37°C, sown into
nutrient medium of meat-peptone agar, begin to grow in 1-2 hours, with 2-hour growth usually
consisting only of vegetative species. The same phenomenon lasts up to 7 hours when lyophilic
dehydrated spores are grown.

In the studies of Ginzburg N.N. [5] it is indicated that the most compatible temperature of
sporadics of the pathogen topalan is +35+37°C.

The data presented by Ipatenko N.G. [9] on the development of spores of the topalan
pathogen, although similar to those of B.L. Cherkassky [12], have significant differences. He
believes that the development of spores, along with the temperature factor, is influenced by the
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peculiarities of the strain used. Development of spores ends in 1-2 hours at +30 +37°C, in + 24°C
- 16 hours, and in + 18°C - up to 70 hours.

The above data indicate that the rate of sporadicity of a vaccine strain depends largely on
the temperature of its cultivation. Therefore, the determination of the most stable temperature
regime, at which the sporadicity of the vaccine strain occurs at the highest possible level, is of
great importance in the technology of developing a high-quality vaccine.

On the basis of the conducted experiments it was established that when cultivating Bacillus
anthracis VNIIVVM strain 55 in different temperature regimes, the highest indicator of sporadicity
level (91%) was found when growing cultures in the thermostat with temperature +32+1°C.

Conclusion. The anthrax pathogen is a large anthrax bacillus (Bacillus anthracis), 6-10 pm
long and 1-2 pm wide, with ends cut off at right angles, immobile, Gram-positive, forms spores
and a capsule, facultative aerobe.

Vegetative forms are found in sick or dead people and animals. The bacterium has capsular
and somatic antigens. The capsule distinguishes the anthrax bacterium from other members of the
genus Bacillus; it provides the microorganism with protection from phagocytes. Vegetative forms
quickly die without access to air, are sensitive to boiling (at a temperature of 75-80°C they die in
1 minute), chlorine and mercury-containing disinfectants.

Spores are resistant to poor environmental conditions and can persist for years on dried or
treated hides and soil. Autoclaved (110°C), they die after only 40 minutes.

The dependence of the sporadic phenomenon of Bacillus anthracis VNIIVVVIM strain 55
on the temperature factor was studied, for which the dynamics of spore accumulation in different
temperature regimes of cultivation was tested. For this purpose, the culture of Bacillus anthracis
VNIIVVIM strain 55 was introduced into the nutrient medium, where sterility was checked, and
the grown cultures were divided into three groups.

The cultures of the first group were left to determine the level of sporadicity in a thermostat
at+28+10 C, the cultures of the second group were left in a thermostat at +32+1° C and the cultures
of the third group were left in a thermostat at +36+1° C to determine the level of sporadicity.

In conclusion, it was found that the maximum sporadicity rate (91%) was registered when
the culture of VNIIVVIM strain 55 was grown in thermostat with temperature +32+1° C, compared
to other modes of cultivation. When the culture was grown at +36+1°C, this index was slightly
lower and amounted to 87 percent. The lowest indicator was determined when growing shoots in
thermostat with temperature +28+1°C, its size did not exceed 68 percent. Taking into account that
sporadicity of the pathogen is its adaptation to an unfavorable environment for growth, it can be
assumed that in this temperature regime the phenomenon of sporadicity was at a high level, since
the temperature regime +32+1°C is a relatively unfavorable environment for the growth of
VNIIVVIM strain 55 compared to the temperature regime +36+1°C.

Based on the results of this study, to obtain the maximum number of spores from the growth
of of VNIIVVIM strain 55, it is recommended to grow sprouts of this strain in a temperature
regime with a temperature of +32+1°C. The size of thermal rooms is several tens of times larger
than that of thermostats and is usually 25-30 m2. Maintaining the temperature in thermal rooms
for up to 4 days at our recommended temperature of +32+1°C rather than +36£1°C to obtain spores
of the vaccine strain will save energy. Saving electricity helps to reduce the cost of the vaccine.
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TOMAJIAH IHAETI BAKIIUHAJIBIK IITAMMBIHBIH CIIOPA TAMYBIHA KOJIAMJIBI
OCEP ETETIH ONTUMAJIJI TEMIEPATYPAHBI AHBIKTAY
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KacenoB M.M., BeTepuHapus FHUIBIMIAPBIHBIH KaHAUIATHL, TIpodeccop

«Kazax 2vinvimu-3epmmey eemepunapus uncmumymaoly KIIC, Armameor K., Kazaxcman

AnpaTtma. Man mapyambsuieirel Kazakcran PecryOnukachl aybll IIapyalibUIBIFBIHBIH HETI3r
cayanapbIHbIH Oipi OOJNBINT TaOBLIAABI, COHIBIKTAH €MiMI3iH BETEpPHHAPHs KBI3METIHIH HETi3rl MiHJETi
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JKaHyaplaplblH SKYKIAIbl aypyJapblHBIH, €H aJJIbIMCH 300aHTPOMOHO3AAPABIH ajJblH ay OOJBII
TaOBUIAIBL.

AyBUI TIapyamrsUIBIFBl JKaHyapIapeIHBIH Ci0ip jkapachl (Ka3akiia aTaybl — TOMAaJaH) OCHI
aypynapablH Oipi Oonbim TaObBUTaABl KOHE OHBIMEH KYPECYAiH TEK 3MHU300TOJOTHSIIBIK FaHa eMec,
SMHUIEMUSIIBIK, IKOJIOTHSIIBIK, SKOHOMUKAIIBIK JKOHE QJIEYMETTIK YIIKeH MaHbI3BI Oap. Criopansl eciHAiHi
aJTy YIIiH BETETaTHBTI KyJIbTyPaHbl €T MenToH b arapaa +28-+37°C temnepatypana repmocrarra 12-120
caraT OOHBI OCIpIIiK.

Op 12, 24, 36, 48, 60, 72, 81, 96, 108 xone 120 carat caliblH opTYpIIi TEMIIEpaTypaia ecipiiireH op
OCIH/IIICH YIT1JIep aJbIHbII, CTAHIAPTTH OMICTEPMEH OMIpIIICH Criopajiap CaHbl AaHBIKTAJIIBI.

VNIIVVIM 55 mrammel Tepmoctarta +32+1°C Temmepatypama 6Gacka ocipy pexumaepiMeH
CaJBICTBIPFaH/1a KyJIbTUBAIUSUIAHFAH 1A CIIOPATUITMSIHBIH MaKCUMaIIbl neHretii (91%) Tipkeni.

Tipek ce3aep: 0akTepHsUIIBIK Macca, BAaKIIWHAIBIK IITaMM, CIIOpajap, TeMIIepaTypajisiK (aktop,
TOMANaH.

OINPEJEJEHUE ONITUMAJIBHON TEMIIEPATYPHI, BJIAT'OIIPUSITHO BJIUSAIOLIEN HA
PA3BUTHUE CIIOP BAKIIMHHBIX IITAMMOB CUBUPCKOMH A3BbI

AiiT:kanoB B./1., 1okTOp BeTepruHapHBIX HAYK
BuskanoB A.B.", 10KTOp BeTepHHAPHBIX HAYK, IPOdeccop
Bbapamosa LII.A., 10KTOp OMONOTHYECKUX HAYK, Ipodeccop
Cymux B.1O., kanauaat BeTepuHapHbIX HayK
KacenoB M.M., kaHauaT BeTepHHAPHBIX HAYK, Mpodeccop

TOO «Kaszaxcxuil HAyYHO-UCCAEO08AMENLCKU 6eMePUHAPHBLI uHCumymy, 2. Aimamul, Kazaxcman

AnHoTauus. JXMBOTHOBOJCTBO — OJJHA M3 OCHOBHBIX OTpaciiell CebCKOro Xo3sicTBa PecyOnuku
Kazaxcran, B CBsI3M C 4YeM MEPBOCTENICHHON 3ajayeil BETEPHUHAPHON CIIy>)KOBI CTPaHBl SIBISETCS
npodrIakTiKa HHPEKITNOHHBIX 0OJIe3HEH KUBOTHBIX, B TIEPBYIO OYEpelb 300aHTPOIIOHO30B. CrOnpcKas
S3Ba CEJIbCKOXO3SIMCTBEHHBIX JKMBOTHBIX (Ka3aXCKOe Ha3BaHWE - TOMAaJaH) OTHOCUTCS K YHMCIY TaKHX
OonesHel, 1 6opbOa ¢ HEl UMEET HE TOJIBKO 3MU300TOIOTNYECKOE, HO U SIUIEMHUYECKOE, SKOJIOTHUECKOE,
9KOHOMHMYECKOEe U OOJIbIIOe coLualbHOE 3HaueHWe. [ moiydeHus KyJbTypbl CHOP BEreTaTHBHYIO
KYJIBTYPY BbIPAlIMBAIM HA MICONEIITOHHOM arape npu temmneparype +28-+37°C B TepmocTate B TeueHue
12-120 gacos. Yepe3 kaxnapie 12, 24, 36, 48, 60, 72, 81, 96, 108 u 120 yacoB u3 KaXaA0H KyJIbTYpHI,
BBIPAILICHHON NPH Pa3jIMYHbIX TEMIIEPAaTYPHBIX PEKUMaxX, OTOMpann MpoObl M ONPEAEIsUTN KOJIMYECTBO
JKU3HECIIOCOOHBIX CIOP IO CTAHAAPTHON METOAMKE.

MaxkcuManbHbBIM  TOKazaTenb ypoBHSA  crnopagudHoctd  (91%) 3apeructpupoBaH  IpH
KynbTuBMpoBanuu mtaMma BHUMUBBuUM 55 B Tepmoctate npu Temneparype +32+1°C, no cpaBHenuro ¢
JPYTUMH PEXUMaMH KyJIbTUBUPOBAHUSI.

KiroueBble cioBa: 6akTepuaibHas Macca, BAaKI[MHHBIN IITAMM, CTIOPBI, TEMIIEPaTYPHBIN (aKTop,
TOIaJIaH.
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