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Abstract

The data on a comparative study of the antimicrobial activity of lactic acid bacteria strains isolated from the oral cavity of healthy people
and lactobacilli strains isolated from various ecological niches are given in this article. Strains with high antagonistic activity against isolates
of opportunistic microorganisms isolated in acute tonsillitis were selected. Their probiotic properties, such as sensitivity to antibiotics,

adhesiveness and resistance to high salt content, have been studied.
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INTRODUCTION

Antibiotics are used to treat infectious diseases, including
oral diseases, but their use should be limited, as the spread
of antibiotic-resistant bacteria has become a major problem.
As a result of the overuse and misuse of antibiotics, as well
as the emergence of antibiotic resistant strains, probiotic
therapy has gradually been used to prevent and alleviate
infectious diseases [1, 2, 3]. In addition, Lactobacillus is one
of the major genera of probiotics that has been extensively
studied for its potential role in oral health. Available data
show that consumption of milk enriched with Lactobacillus
rhamnosus GG reduces the risk of caries in children [4].
Similarly, Lactobacillus reuteri reduces the risk of gingivitis
[5]. Therefore, lactobacilli with probiotic properties can
prevent the colonization of oral pathogens through various
mechanisms. Probiotic strains produce antimicrobial
components such as hydrogen peroxide and lactic acid that
inhibit the growth of oral pathogens (for example,
Streptococcus mutans).
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Increased commensal colonization may interfere with
colonization by otopathogens leading to disease prevention.
The researchers studied the effects of selected commensal
bacteria, i.e. Bifidobacterium and Lactobacillus, in the
prevention of acute tonsillitis, but the results are mixed [6].
Perhaps this effective probiotic component requires a
combination of protective commensals. The improvement of
probiotics for the prevention of acute tonsillitis depends on
better knowledge and understanding of the respiratory
microbiota and pathogenic, commensal interactions [7, 8].

Evidence is accumulating showing the health benefits of oral
probiotics. For example, one or more strains of lactobacilli,
streptococci and/or bifidobacteria isolated from human oral
samples reduce bad breath caused by volatile sulfur
compounds (VSC) [9, 10] and prevent dental caries [11, 12,
13 ], periodontal disease [14] and other infections such as
human oral candidiasis [15].
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Conversely, the presence of some oral streptococci and
lactobacilli is associated with an increased risk of caries and
infective endocarditis in humans. Mutant streptococci
(Streptococcus sobrinus and S. mutans) have the ability to
convert sucrose into a sticky, water-insoluble glucan (WIG),
one of the main cariogenic factors [16]. In addition, they are
well known and strong causative agents of dental caries
caused by the accumulation of lactic acid in dental plaques
after they have been attached to the tooth surface. Therefore,
it is believed that strong acid producers can cause dental
caries.

It has been established that acute tonsillitis (AT) can be
caused by both viral and bacterial microorganisms. Viruses
such as Epstein-Barr, adeno-, influenza, parainfluenza,
Coxsackie A, herpes simplex, rhino- and coronaviruses have
been reported. The most common bacterial pathogens in this
context are  Streptococcus  pyogenes,  Neisseria
gonorroideae, Corynebacterium diphtheriae, and Borrelia
vincenti [17].

Purpose of the research

This study is aimed at screening new probiotic candidates
from oral isolates obtained from healthy people and from
strains of lactobacilli isolated from plant and animal sources
by evaluating antibacterial activity against pathogenic
bacteria involved in the development and course of acute
tonsillitis.

Materials and Methods

Thirty-two healthy volunteers (21 males, 11 females, and
mean age 39.4 + 10.3 years, range 26 to 66 years) were
included in the study for the isolation of oral bacteria.

Collection of samples from the oral cavity and isolation of
lactobacilli from the oral cavity. Plaque and tongue coating
were collected from each subject, mixed and diluted in an
anaerobic vehicle. Immediately after sampling, the samples
were plated on de Man, Rogosa and Sharp agar (MPC agar)
plates (HiMedia, India). The inoculations were incubated at
37°C for 3 days under anaerobic conditions in an anaerobic
balloon. Colonies grown on plates 2 or 3 with similar
morphology were collected and cultured in MPC broth
(HiMedia, India) at 37°C for 24-48 hours. The primary
identification of selected cultures was carried out according
to classical methods for determining the morphology,
physiology and biochemical properties of lactobacilli. After
the identification of the species of cultures using the MALDI
TOF-MC technology, the cultures were stored at -80°C.

Antimicrobial activity. The antimicrobial activity of
candidate probiotic strains isolated from the oral cavity and
strains of lactobacilli stored in the laboratory collection was
determined by the agar plague method [18].

21 isolates of opportunistic and pathogenic microorganisms
served as test cultures: Enterobacter bugandensis (1 strain),
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Escherichia coli (3 strains), Klebsiella pneumoniae (1 strain),
Staphylococcus aureus (3 strains), Rothia mucilaginosa (2
strains), Shewanella putrifaciens (1 strain), Acinetobacter
pittii (1 strain), Staphylococcus epidermidis (2 strains),
Neisseria subflava (2 strains), Candida albicans (2 strains)
isolated from patients with acute tonsillitis. Before the
experiment, the viability of the test cultures was restored by
three subcultures in nutrient broth (HiMedia, India) and
incubation at 37°C for 24 hours.

Adhesive ability of strains of lactobacilli isolated from the
oral cavity.

The evaluation of the adhesive properties of lactobacilli was
carried out by the method of V. I. Brilis [19]. Human
erythrocytes of the 0(I) Rh+ blood group served as a substrate
for adhesion of lactobacilli. Lactobacilli were grown for 24
hours on a dense nutrient medium MRS at a temperature of
(37£1)°C. The grown cultures were washed in physiological
sodium chloride solution and suspensions were prepared with
an optical density of 1.0. 1 ml of a suspension of 3 times
washed erythrocytes with a concentration of 108 cells/l and 1
ml of a suspension of the studied cultures of lactobacilli were
added to the test tubes. A phosphate buffer solution (pH 7.2—
7.3) was used to prepare a suspension of microorganisms and
erythrocytes. The samples were incubated at a temperature of
(37 £ 1) °C for 30 minutes. To precipitate erythrocytes, the
samples were centrifuged at 1000 rpm. within 2 minutes.

When determining the adhesive properties of lactobacilli,
0.02-0.03 ml of a buffer solution was applied to a glass slide,
in which an equal volume of a suspension of erythrocytes and
a suspension of lactobacilli was suspended. A mixture of
suspensions of erythrocytes and lactobacilli was incubated in
a thermostat for 30 min. at a temperature of (37 + 1) °C, and
then a dried preparation was prepared, fixed with 96% ethyl
alcohol and stained according to Romanovsky-Giemsa for 30
minutes. The evaluation of the adhesive properties of the
studied cultures of lactobacilli was carried out under a light
microscope by determining the average adhesion index,
which is equal to the average number of lactobacilli attached
to one erythrocyte. The criteria for assessing the adhesive
properties of microorganisms according to the method of V.
1. Brilis were as follows: a high degree of adhesion - 4.01 or
more bacteria, an average degree of adhesion - from 2.01 to
4.0 bacteria, a low degree of adhesion - from 1.01 to 2 .0
bacteria, zero degree of adhesion - 0-1.0 bacteria on the
surface of one erythrocyte.

Evaluation of the production potential of selected strains.

Determination of resistance to NaCl. The ability of the
studied strains to grow at elevated concentrations of sodium
chloride was determined by the method described in MUK
4.2.2602-10 [20].

The study of sensitivity to antibiotics. The antibiotic
susceptibility of the strains was determined by the disk
diffusion method using the following antibiotics adsorbed on
paper disks (HiMedia): cefotaxime (5 pg), gentamicin (10
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ug), rifampicin (5 pg), kanamycin (30 ug), erythromycin (15
ug), levofloxacin (5 pg), amikacin (30 pg), vancomycin (30
ng), amoxiclav (30 pg), ofloxacin (5 pg) [21].

Results and Discussion

The number of isolated bacteria. A total of 100 oral lactic
acid bacteria isolates were obtained from 32 healthy
volunteers. The isolates were deposited as an oral bacterial
library for use in the next stages of research.

All isolated isolates are non-motile Gram-positive rods.
Isolate No. 11, 28, 29 and 30 aniline dyes are perceived
heterogeneously, so metachromatic granularity and bipolar
bodies are detected. When grown on dense nutrient media
on the second day of cultivation at a temperature of (37 + 1)
° C under microaerophilic conditions, the studied isolates:
Nos. 1, 3, 4, 32, 24, 33, 31 on a dense nutrient medium MPC
form white colonies, shiny, round in shape with a convex
bumpy surface. The edge of the colony is uneven. Colonies
of some isolates Nos. 11, 25, 29, 27 and 30 are opaque,
round, off-white. The surface of the colonies is smooth,
matte; the edges are clear and even. The diameter of the
colonies is 2-3 mm. Bacteria of isolate No. 16 form colonies
2-4 mm in diameter, opaque, beige. The shape of the colony
is round; the edges are clear, but uneven. The surface of the
colony is smooth, matte. The center of the colony is cone-
shaped, smoothly turning into a flattened peripheral part. All
isolated isolates are microaerophiles with respect to oxygen.
They do not form spores or capsules and they do not have
flagella.

One of the important criteria in assessing the prospects of
using microorganism strains to create a new probiotic based
on them is the ability of bacteria to suppress the growth and
reproduction of opportunistic microorganisms involved in
the development and course of acute tonsillitis. Test strains
of opportunistic bacteria were isolated from the nasopharynx
of patients with acute tonsillitis; An analysis of the data on
the antagonistic activity of the main groups of lactobacilli
shown in Figures 1, 2, 3, 4 indicates that all the studied
strains of lactobacilli have a pronounced antagonistic
activity against opportunistic microorganisms. The most
significant indicators were obtained against strains of
Pediococcus acidilactici (4 strains). Comparative analysis of
the antimicrobial activity of strains of the genus Pediococcus
isolated from the oral cavity of healthy people and strains
previously isolated from other sources of lactobacilli (dairy
products, epiphytic microflora of plants, infant feces). It has
been established that strains isolated from the oral cavity
more effectively than strains from non-indigenous
microflora inhibit the growth of Enterobacter bugandensis
(1 strain), Escherichia coli (3 strains), Klebsiella
pneumoniae (1 strain), Staphylococcus aureus (3 strains),
Rothia mucilaginosa (2 strains), Shewanella putrifaciens (1
strain), Candida albicans (2 strains). The antimicrobial
activity of strains from non-indigenous microflora against
Acinetobacter pittii (1 strain), Staphylococcus epidermidis

(2 strains), Neisseria subflava (2 strains) was higher than that
of strains isolated from the oral cavity (Fig. 1).
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Fig. 1. Antimicrobial activity of Pediococcus acidilactici
strains

Strains of L. rhamnosus isolated from non-indigenous
microflora more effectively than strains from the oral cavity
inhibit the growth of strains of Acinetobacter pittii,
Escherichia coli, Klebsiella pneumoniae, Staphylococcus
aureus, Staphylococcus epidermidis, Rothia mucilaginosa,
Candida albicans. The antimicrobial activity of strains
isolated from the oral cavity against Enterobacter
bugandensis, Neisseria subflava was higher than that of
strains from non-indigenous microflora (Fig. 2).
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Fig.2. Antimicrobial activity of Lactobacillus rhamnosus
strains

Figure 3 shows that strains of Lactobacillus fermentum have
less pronounced antagonistic activity. Strains isolated from
the indigenous microflora of the oral cavity inhibit the growth
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B Lactobacillus fermentum, solated rom tre oral caviy oral cavity. According to the results of studies to determine
the antagonistic activity of lactobacilli strains, 42 cultures
were selected to determine the adhesive properties. Adhesive
activity is one of the important criteria in assessing the
prospects for using strains in probiotic preparations, since it
directly affects the duration of lactobacilli persistence in the
intestine. Data analysis of the adhesive properties of
lactobacilli against human erythrocytes, presented in Table 1,
indicates that the strains of Lactobacillus paracasei OC2 and
Lactobacillus brevis OC1 have high adhesive activity against
human erythrocytes, in total, 17.6% of strains have high
adhesiveness, 41.2 % have low adhesive activity against
human erythrocytes and 41.2% of the studied strains have an
average level of adhesion to human erythrocytes.

Fig. 3. Antimicrobial activity of Lactobacillus fermentum
strains

Table 1. Adhesion of lactic acid bacteria strains
Ne | Lactic acid bacteria isolated from the | Degree of Lactic acid bacteria isolated from Degree of
oral cavity adhesion other sources adhesio
1. Pediococcus acidilactici OC1 3,4 Lactobacillus plantarum mal 4

2. Pediococcus acidilactici OC2 4 Lactobacillus plantarum TK1 8
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3 Pediococcus sp 4 Lactobacillus plantarum KA3 6
4 Lactobacillus fermentum OC1 7 Lactobacillus kunkeei 1 8
5 Enterococcus durans OC1 2.3 Enterococcus faecium 1 7
6. Lactobacillus salivarius OC1 3 Enterococcus durans 6
7 Lactobacillus gasseri OC1 1 Lactobaccillus rhamnosus 925 4
8 Lactobacillus paracasei OC1 1 Lactobacillus fermentum X 3
9 Lactobacillus paracasei OC2 8 Lactobacillus acidophillus D 8
10. Lactobacillus paracasei OC3 0 Lactobacillus acidophilus 2 4
11. Lactobacillus fermentum OC2 0 Bifidobacterium animalis 2
12. | Lactobacillus brevis OC1 8 Bifidobacterium bifidum 1,2
13. Lactobacillus delbrueckii OC1 0 Lactobacillus fermentum F 3
14, Lactobacillus rhamnosus OC1 4 Lactobacillus reuteri 2 8
15. Lactobacillus rhamnosus OC2 5 Lactobacillus rhamnosus LGG 9
16. Lactobacillus rhamnosus OC3 0 Pediococcus acidilactici B 6
17. Pediococcus acidilactici OC3 3 Weissella cibaria R1 2
18. Lactobacillus brevis F1 3
19. Lactobacillus plantarum B1 6
20. Lactobacillus sacei KS 3
21. Lactobacillus brevis 2 4
22. Lactobacillus brevis Fr2 8
23. Leuconostoc lactis Sh 4
24, Pediococcus acidilactici B2 0
25. Lactobacillus rhamnosus Sh5 1,2

Some previous studies have shown that there was no
correlation between the surface hydrophobicity of
Lactobacillus and its ability to attach to the intestinal mucosa
[22]. However, some studies report a correlation between
hydrophobicity and adhesiveness. The higher the value of
surface hydrophobicity, the higher the ability of bacterial
cells to attach to the intestinal mucosa [23].

Although the detailed mechanism explaining the correlation
between surface hydrophobicity of bacterial cells and
adhesion to the intestinal mucosa is unclear, hydrophobicity
and autoaggregation tests can be used as indicators in initial
screening for potential lactic acid bacteria adhesion. The
present study suggests that the probiotic adhesion test may
provide important screening tools to determine the
applicability of lactic acid bacteria as probiotics. The
resistance of lactobacilli cultures to various concentrations
of NaCl.

Based on the results of studies to determine antimicrobial
activity and adhesive properties, 12 cultures of lactic acid
bacteria were selected: isolated from the oral cavity:
Pediococcus acidilactici OC1, Pediococcus acidilactici
OC2, Pediococcus sp., Lactobacillus salivarius OC1,
Lactobacillus rhamnosus OC1, Lactobacillus rhamnosus
OC2; Lactobacillus plantarum mal, Lactobacillus
rhamnosus 925 ak, Lactobacillus fermentum X,
Lactobacillus fermentum F, Lactobacillus acidophilus 2,
Leuconostoc lactis Sh. Resistance to NaCl determines the
survival of probiotic strains of microorganisms during

processing and in the finished dosage form.

To study salt tolerance, the number of lactobacilli cells grown
in the presence of various salt concentrations was counted. It
was shown that all 12 strains are resistant to the presence of
0%, 2%, 4% and 6.5% NaCl in the medium, the cell titer is
not lower than 105 CFU/ml. It should be noted that in the
presence of 6% NaCl in the medium, the cell titer does not
decrease in the majority of cultures isolated from the oral
cavity of Pediococcus acidilactici OC1, Pediococcus sp.,
Lactobacillus rhamnosus OC1, and Lactobacillus rhamnosus
OC2. Among the studied 6 cultures of lactobacilli isolated
from other sources, the culture of Lactobacillus fermentum F,
the number of living cells of which did not change under the
influence of various concentrations of sodium chloride in the
medium.

Thus, all the studied isolates were resistant to the presence of
6.5% NaCl in the medium.

Sensitivity of strains of lactobacilli to antibiotics.

LAB are found in many natural sources, but antibiotic
resistance of these bacteria is a concern. Therefore, before
recommending ICD strains for use, it is necessary to
determine their sensitivity to antibiotics. Antibiotic-resistant
strains can harm the human or animal body, as they are able
to transfer resistance genes to pathogenic bacteria. In our
study, we studied the sensitivity of lactobacilli strains to 12
antibiotics - cefazolin, kanamycin, erythromycin, rifampicin,
ciprofloxacin,  cefatoxime, levofloxacin,  amikacin,
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vancomycin, amoxiclav, gentamicin, ofloxacin.

The results showed that all cultures are sensitive to
gentamicin. All cultures are resistant to ofloxacin: 8 strains
are resistant, 1 strain is moderately resistant and 1 strain -

Lactobacillus rhamnosus OC1 is susceptible. It was revealed
that 9 out of 10 cultures are resistant or moderately resistant
to streptomycin L.salivarius OC1. The antibiotic sensitivity
profile of the studied cultures of lactobacilli is presented in
Table 2.

Table 2. Sensitivity of lactobacilli strains to antibiotics

Diameter of the culture growth inhibition zone, mm
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1 Cefozalin 30 20 30 32 18 30 30 20 28 28 28
2 Cefotaxime 15 22 26 32 28 28 32 26 30 28 30
3 Ciprofloxacin 5 0 0 0 26 0 12 18 0 0 10
4 Azithromycin 15 16 20 22 26 22 22 22 20 20 22
5 Streptomycin 10 0 0 0 12 0 24 10 0 0 12
6 Ampicillin 2 20 22 28 26 26 28 24 24 22 30
7 Erythromycin 15 18 26 30 32 24 28 28 24 22 30
8 Ofloxacin 5 0 0 8 20 0 0 14 0 0 0
9 Amoxiclav 30 20 28 32 30 28 30 32 24 28 40
10 Levofloxacin 5 10 8 14 22 12 10 16 10 14 12
11 Lincomycin 15 14 14 22 28 20 18 20 12 0 28
12 Gentamicin 10 12 14 14 14 12 12 12 12 8 18

The studied strains of lactobacilli demonstrated resistance to
streptomycin and ciprofloxacin; sensitivity to this antibiotic
was found only in the Lactobacillus rhamnosus OC1 strain.
Despite the fact that gentamicin, which also belongs to
aminoglycoside antibiotics, showed moderate resistance
(diameters of growth inhibition zones from 10 to 18 mm).
The reduced sensitivity of lactobacilli to aminoglycosides is
also considered natural and is associated with the low
permeability of antibiotics of this group through the
membranes of lactobacilli [24]. The potential mobility of the
genetic determinants of resistance to ofloxacin and
aminoglycosides has not been clearly established [25].
According to M. Danielsen, A. Wind, genes of resistance to
chloramphenicol and erythromycin are especially
susceptible to horizontal transport [26]. Bacteria of the
genus Lactobacillus are sensitive to these antibiotics [24; 26;
27] and, in general, to inhibitors of protein biosynthesis.

Conclusion

Thus, it has been shown that 12 studied strains of lactobacilli
have high antimicrobial activity against isolates of

opportunistic microflora in patients with acute tonsillitis.
cultures isolated from the oral cavity of Pediococcus
acidilactici OC1, Pediococcus sp., Lactobacillus rhamnosus
OC1 and Lactobacillus rhamnosus OC2, Lactobacillus
fermentum F6 culture isolated from non-indigenous
microflora are resistant to high salt content in the medium,
medium adhesiveness to human erythrocytes and lack of
acquired resistance to antibiotics. In this regard, these strains
are promising for further study of their properties in order to
recommend as components of effective and safe probiotic
preparations for the treatment of acute diseases of the human
upper respiratory tract.
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