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Abstract

This article presents the results of study the main biological properties of enterococcal strains isolated as a result of laboratory tests from
piglets and young pigs with a clinic of infectious diseases. A comparative analysis of industrial enterococcus strains was also carried out at the
enterprise of the biological industry of the Russian Federation in the manufacture of vaccines for the prevention of enterococcal infection of
pigs. A scheme of cultivation and methods of inactivation enterococcal groups have been developed: Streptococcus faecalis 13, 345, 356,
Sokolovo, Konstantinovsky. Regulatory and technical documentation was developed to use it in the development and production of inactivated

vaccines.
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INTRODUCTION

For the first time, bacteria representing gram-positive
cocci isolated from the intestine, had been described by the
French microbiologist Thiercelin in 1899. In 1930, scientists
attributed enterococcus to streptococcus group D [1], in 1984,
during study the DNA of enterococcus and streptococcus,
enterococcus were assigned to a separate genus Enteroccus, which
includes 34 species [2]. Several serological groups of bacteria
referred to the genus Enteroccus are representatives of the normal
microbiocenosis of the intestine of animals and humans. These
bacteria are involved in metabolic processes in the intestine,
synthesize vitamins, participate in the excretion of antimicrobial
peptides, hydrolyze lactose and eliminate pathogenic
microorganisms. Therefore, bacteria of the genus Enteroccus are
used for the probiotic drugsproduction to preventthe infectious
diseases of animals and humans [1, 3-6]. At the same time, some
researchers include individual serological groups and
enterococcus strains to the most dangerous microorganisms that
are able to cause infectious diseases of animals and humans [7-
12], the leading of gastrointestinal diseases [7, 8, 13, 14].
Enterococcus are pathogens of infectious and inflammatory
diseases of animals and humans, mainly due to the production of
virulence factors by the microbial cell: hemolysin, bacteriocin,
plasmid-coding protein, which participates in the adhesion and
aggregation of enterococcus, cytolysin, enzymes that cause the
aggression of this bacterium - protease, hyaluronidase and
gelatinase - an extracellular zinc of endopeptidase similar to that
of elastase which is produced by Pseudomonas aeruginosa [1, 4,
10, 15-19].

In this regard the study of biological properties and the
development of new biological products against the infections
caused by microorganisms of the genus Enteroccus with the aim
of their prevention in pig production is actual [20].

MATERIALS AND METHODS

Diagnostic material was selected at agricultural
enterprises at the Krasnodar Territory. The material had been
obtained from pigs which were clinically ill or died from
infectious and inflammatory diseases. The studies were conducted
in the veterinary laboratories of the Federal State Scientific
Institution "Krasnodar Scientific Center of Animal Husbandry and
Veterinary Medicine"”, in the laboratory of the biological and
technological control department of the Federal State Unitary
Enterprise "Armavir Biofactory". The studies were conducted in

accordance with the methodological recommendations for
laboratory diagnosis of streptococcosis in animals (1990). A
selective differential medium was used to isolate and incubate the
enterococcus. It was grown in a medium: gall esculin agar, agar
with potassium telluride, 5% blood agar, meat peptone agar, half-
liquid Hottinger agar. The strains of microorganisms were isolated
on the basis of morphological, cultural and biochemical
properties. Biochemical properties were studied by the test
systems “"STREPTOtest" and "EN-COCCUStest" from Pliva-
Lachema, Czech Republic. A comparative analysis of
morphological, cultural and biochemical properties was conducted
in the development of regimens for culturing enterococcus.
Epizootic and production strains of microorganisms and
individual strains for industrial cultivation were isolated. Matrix
flasks, glass cylinders with a capacity of 20 liters, industrial
reactors, semi-liquid agar and Hottinger broth were used in the
process. Sterility of cultivation enterococcus was studied in
accordance to GOST 28085-89 (GOST-Russian National
Standard). The strains of Streptococcus faecalis 13, 345, 356
Sokolovo, Konstantinovsky, were used for the cultivation of
enterococcus.

RESULTS AND DI1SCUSSION

Control and production of enterococcus strains, selected
for cultivation, were stored in lyophilized form. It was stored on a
half-liquid Hottinger agar in the laboratory of the Biological and
Technological Control Department of the Armavir Biofactory. For
matrix brood, enterococcus strains was disseminated into meat-
peptone agar in Petri dishes, then it was incubated in a thermostat
for 18-24 hours at a temperature of (37.0 £ 0.5) ° C. Microscopy
of microorganisms smears was performed at a magnification of
16-56 times, then it was selected from 3 to 5 colonies of the
typical S-shaped form. It was passed to meat peptone agar, meat
peptone broth and semi-liquid agar, and it was incubated 16-18
hours at (37 , 0 £ 0.5) ° C. Growing cultures of enterococcus in
semi-liquid agar were packaged into ampoules or Pasteur pipettes,
followed by sealing and storage at a temperature from2 ° Cto 8 °
C.

Enterococcus strains used for cultivation, according to
their morphological properties, were Gram-positive cocci,
arranged in pairs of smears or in the chainsform of various
lengths. On Hottinger agar and casein-yeast agar, enterococcus
formed S-shaped colonies that were smooth dewty with straight
edges; on semi-liquid agar growth was observed in the form of
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white strands that permeate the nutrient medium; in the Hottinger
broth, enterococcus caused intense turbidity of the medium.
Enzymatic properties of enterococcus strains were noted by
fermentation with the formation of: glucose, lactose, sucrose,
maltose, mannitol and sorbitol; it did not ferment raffinose,
arabinose, xylose and dulcine. Virulent properties of the strains
were characterized by the death of white mice weighing 13-14 g
after intraperitoneal injection of a 15-20 hour enterococci culture
at a dose of 3 billion / cm3 for 10 days.

To prepare a growsmedium for culturing enterococcus
we used a Hottinger broth with the addition of 0.5% peptone,
0.54% sodium chloride, 0.5% chemically pure dibasic sodium
phosphate and 10% water, pH of the medium to the values of 7.6-
7, 8 was achieved by a 10% solution of caustic sodium. The
medium was allowed to stand for 15 minutes, then it was filtered
through filter plates and fed to sterile reactors. There, the medium
was subjected to a temperature treatment at a temperature of 118-
112 ° C. In a nutrient medium, the content of amine nitrogen was
220-250 mg % within 50 minutes.

To obtain the culture of production enterococcus strains
in vials, enterococcus strains from ampoules or sealed pipettes
were prepared for preparation of matrix dilution into tubes with 4-
5 cc of nutrient medium. The crops were cultivated at (37 + 05) °
C for 6-8 hours. Simultaneously with inoculation into test tubes,
cultures were sowed on Petri dishes with Hottinger agar. This was
done to control the purity of growth. The crops were cultivated at
(37 £ 0.5) ° C for 16-18 hours. At the end of the cultivation, the
morphology of colonies and the purity of culture growth were
visually assessed.

Cultured enterococcus cultures were transferred to vials
from 100-150 cm3 of nutrient medium. Simultaneously, the
culture was inoculated into test tubes with nutrient media of meat
peptone agar, meat peptone broth, meat peptone liver broth and
cultivated for 6-8 hours at (37 £ 1)°C. Before sowing the cultures
in vials, the purity of the growth was controlled by microscopy of
smears stained by Gram.

To obtain the brood of production Enterococcus strains
in bottles, from vials were inoculated into 20 liter bottles
containing 10-12 liters of nutrient medium at the rate of 3-7% to
its volume. The crops were cultured for 16-18 hours at (37.0 =
1.0) ° C. To control growth purity simultaneously with culture in a
bottle, cultures were inoculated into test tubes with nutrient
media: peptone agar meat, peptone broth, meat, peptone liver
broth, on Petri dishes with Hottinger agar. Crops was cultivaited
for 16-18 hours at 37.0 + 1.0 ° C. At the end of the cultivation, the
morphology of colonies and the purity of culture growth were
visually assessed.

Seeding and cultivation of the matrix culture in the
reactor was carried out in the following sequence: tested for
purity, streptococcal matrix cultures were inoculated into the
reactor at a rate of 8-10% to the volume of the nutrient medium,
with the addition of 5% glucose. Each enterococcus strains was
cultured in a separate reactor. The volume of the nutrient medium
did not exceed 50-70% of the volume of the reactor. The nutrient
medium before the inoculation was heated to a temperature (38 +
0.5) ° C, the pH corresponded (7.4 = 0.2). Cultivation of the
cultures was carried out at 37 ° C, for 18-20 hours with constant
stirring. Stirring started from the second hour of cultivation and
continuous aeration at the rate of enrichment of the nutrient
medium with air in a ratio of 1: 2. From the third hour of
cultivation, the concentration of microbial bodies was determined.
Cultivation was stopped when the concentration of microbial cells
of the bacterial mass was at least 10 billion / cm3. At the end of
the cultivation, the morphology of colonies and the purity of
growth of agar cultures were visually assessed. The culture grown
in the reactor was free from extraneous microflora, in Gram-

stained smears only gram-positive diplococcus and streptococcus
were present.

The grown enterococcal cultures were inactivated with
formalin. Formalin was diluted with physiological saline to 0.25-
0.3% concentration. For this purpose, technical formalin was used
in accordance with GOST 1625-75 (GOST-Russian National
Standard) with formaldehyde content of at least 36.0%.
Inactivation of the cultures was carried out for 5-7 days at a
temperature of (37 = 0.5)°C. In the process of inactivation, the
cultures were mixed for 5 minutes 1-2 times a day. After the
inactivation, the culture was tested for inactivation by seeding on
nutrient media (meat peptone broth, meat peptone agar, meat
peptone liver broth and Saburo slant agar) by sampling from each
reactor. In the absence of growth on nutrient media, inactivation
of cultures was considered complete. Upon completion of the
inactivation, enterococcal cultures were pumped to a collection
reactor. At the same time, sterility and constant mixing were
observed. The storage period of bacterial mass after inactivation
should not exceed 10 days.

Immunogenic activity of enterococcus was tested on
white mice weighing 16-18 g. The inactivated biomass was
administered to mice at doses of 0.1; 0.2 and 0.3 cm3 in the left
groin area intraperitoneally. Injections were administered three
times with an interval between it of 5 days. Immunization was
subjected to 15 white mice, 4 mice were used as a control. Ten
days after the last injection, 12 vaccinated mice were selected and
challenged simultaneously with the control group of mice
intraperitoneally at a dose of 3 billion / cm3 with a culture of the
control strain of Streptococcus faecalis No. 356. Before infection,
the enterococcal culture was cultured in test tubes on broth for 24-
36 hours. The inactivated biomass was considered active if from
the 12 immunized white mice, after the control infection, no more
than 3 animals died under the condition of death of all control
animals. If more than 3 animals perished from among the
vaccinated, a second test was carried out using the same
procedure. The observation period for the experimental animals
was 10 days after the infection.

CONCLUSION

As a result of this work, the technology of industrial
cultivation of enterococcus for the production of inactivated
vaccines was developed. The results obtained in the course of the
experiment were used in the development of normative and
technical documentation for the manufacture, control and
application of an inactivated vaccine against enterococcal
infection of piglets.
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