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ANTIMICROBIAL AND IMMUNOMODULATORY 
ACTION OF PROBIOTIC COMPOSITION OF BACILLI 
ON BACTERIAL VAGINITIS IN MICE
Th e purpose of this study was to investigate the antimicrobial and immunomodulatory action of a probiotic composi-
tion of Bacillus subtilis and B. megatherium strains  (UnicaUro, Sirion (Ukraine)) for experimental bacterial vaginitis. 
Methods. Experimental studies were conducted on female BALB/c mice; we used  Staphylococcus aureus strain B-918 
(ATCC 6538) to induce bacterial vaginitis. Th e strain was vaginally introduced into mice before treatment with probi-
otic bacteria. In the vagina of mice, aerobic and optionally anaerobic bacteria, including representatives of the genera 
Staphylococcus, Streptococcus, Lactobacillus, Bifi dobacterium, Pseudomonas, coliform bacteria, and microscopic fungi 
were identifi ed in diff erent periods of observation using generally accepted microbiological methods. Serum antibody 
titer to S. aureus was determined by the bacterial agglutination reaction. Th e phagocytic activity and oxygen-dependent 
bactericidal activity of peritoneal exudate macrophages (PEM) were evaluated using generally accepted immunological 
methods. Results. Th e formation of bacterial vaginitis in the BALB/c mice line infected with S. aureus B-918 (ATCC 
6538) was evidenced by the appearance of external clinical manifestations of the infectious and infl ammatory process 
against the background of the increased number of aerobic and optionally anaerobic microorganisms, including repre-
sentatives  of the genus Staphylococcus and Streptococcus, microscopic fungi, and decreased number of lactobacilli in 
diff erent observation periods. Th e probiotic introduction to mice with bacterial vaginitis led to a dynamic change in 
the vaginal microbiota: the number of aerobic and optionally anaerobic microorganisms decreased, primarily due to 
the normalization of the number of representatives of Staphylococcus genus accompanied by a decrease in the antibody 
titer to staphylococcus in the blood serum. Th e eff ective therapeutic action of the probiotic was confi rmed by the gradual 
disappearance of the external clinical signs of the infectious-infl ammatory process in the vagina against the background 
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Infectious-infl ammatory diseases of the geni-
tourinary system, induced by pathogenic or 
conditionally pathogenic microorganisms, are 
characterized by a high incidence without a clear 
tendency to decrease. Th erefore, they may be a 
cause of obstetric complications and gyneco-
logical disorders. Antibacterial therapy, which is 
most oft en used to treat such patients, does not 
prevent relapse of the disease, because it is one 
of the reasons for antibiotic resistance and can 
cause a signifi cant transformation of the geni-
tourinary microbiota against the background of 
disrupted local immunity. Th us, about 30% of 
cases of the standard treatment of women with 
metronidazole or clindamycin face relapse of 
urogenital infections within a month aft er the 
completion of antibiotic therapy [1, 2]. Th ere-
fore, alternative methods of treatment are widely 
used in today’s clinical practice, in particular, 
probiotics based on commensal probiotic cul-
tures (mostly lacto- and bifi dobacteria), which 
can inhibit the growth of pathogens, as well as 
restore the vaginal microbiota aft er antimicro-
bial therapy [2—5].

Normal or abnormal microbiota of the vagina 
is a complex ecosystem, which may include more 
than 200 species of bacteria. Th eir interaction is 
infl uenced by genes, various environmental and 
behavioral factors, the ethnic origin of patients, 
etc. [4—6]. Th e commensal microbiota of the va-
gina, which is mostly represented by lactobacilli, is 
crucial for protection against the translocation of 
microbiota from other biotopes, as well as condi-
tionally pathogenic and pathogenic microorgan-
isms that can be transmitted sexually. Th e change 
in the qualitative and quantitative composition of 
the vaginal microbiota is clinically manifested by 
such nosological forms of the disease as bacterial 
vaginosis, vaginal candidiasis, as well as vaginitis 

with a predominance of aerobic microorganisms 
that can manifest pathogenic properties [4, 7]. 
Th e results of some studies revealed a clear link 
between the use of antibiotic therapy along with 
probiotics containing mainly lactobacilli and the 
restoration of the vaginal microbiota leading to 
a decrease in the risk of urogenital infection re-
lapse. Probiotics can signifi cantly reduce the risk 
of preterm birth by preventing the development 
of bacterial vaginitis [2].

Eff ective therapeutic and prophylactic probi-
otics for medical treatment also include aerobic 
spore-forming safe bacteria of the genus Bacillus, 
mainly species B. subtilis, B. clausii, B. coagulans, 
B. licheniformis, B. amyloliquefaciens [8] (except 
for B. cereus and B. anthracis). Due to the ability 
to form spores, bacteria of this genus are resis-
tant to aggressive environmental factors; there-
fore, they are widespread in nature (in soil, air, 
and water). Th ey can be found in the food and 
body of humans and animals [9, 10]. 

Th eir specifi c feature is a strain-related multi-
factorial biological eff ect, specifi cally (i) marked 
antagonism to a wide range of pathogenic and 
conditionally pathogenic microorganisms, 
pathogens of infectious diseases of humans and 
animals, (ii) the ability to synthesize compounds 
diff erent in the nature and mechanism of their 
antimicrobial activity, as well as enzymes, ami-
no acids, polysaccharides, vitamins, etc. [8, 11], 
and (iii) immunomodulatory properties [10]. 
Th erefore, bacteria of the genus Bacillus have 
been used as probiotics for more than 55 years 
and remain one of the most promising groups 
of microorganisms for the development of new 
therapeutic and prophylactic antimicrobial 
drugs for clinical and veterinary practice. Inter-
est in bacilli in the composition of probiotics 
has grown signifi cantly over the past 15 years, 

of the functional activity of PEM. Conclusions. Th e probiotic composition of B. subtilis and B. megatherium (UnicaUro, 
Sirion, Ukraine) is a promising antimicrobial formulation that may be used in the treatment of bacterial vaginitis; how-
ever, further studies are required to confi rm its therapeutic, antimicrobial, and immunomodulatory effi  cacy. 
Keywords: bacilli, probiotic, vaginitis, immunity, mice.
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as scientifi c data demonstrate their therapeutic 
effi  cacy in the treatment of various diseases of 
the gastrointestinal tract, disruption in the im-
mune system, metabolism, etc. [12]. Th e search 
for such promising probiotic bacteria strains of 
the genus Bacillus is an urgent task in microbiol-
ogy. Th e development of new probiotics based 
on these bacteria is important since the effi  cacy 
of probiotics available in the market may de-
crease due to mutations of the strains of bacilli 
which they contain, or mutations of the major 
pathogenic strains, pathogens of infectious and 
infl ammatory diseases [13]. 

Noticeably that the therapeutic action of pro-
biotics based on bacteria of the genus Bacillus 
for infectious and infl ammatory diseases of the 
genitourinary system has not been enough stud-
ied. It was found that some probiotics containing 
bacteria of the genus Bacillus had an antimicro-
bial eff ect on uropathogenic microorganisms, ef-
fectively prevented relapse of vaginal infections, 
and facilitated their clinical course, particularly 
by reducing heartburn, micturition, itching, 
soreness, etc. [14 —19]. 

Given the above, the purpose of our study was 
to establish an antimicrobial and immunomodu-
latory probiotic composition based on strains of 
B. subtilis and B. megatherium (UnicaUro, Sirion 
(Ukraine)) for experimental bacterial vaginitis 
through studying its eff ect on the vaginal micro-
biota spectrum and indicators of the body im-
munoreactivity. 

Materials and methods. Th e object of the 
study was a probiotic composition comprising 
strains of B. subtilis and B. megatherium bac-
teria of the genus Bacillus (UnicaUro, Sirion 
(Ukraine)). To simulate bacterial vaginitis, we 
used Staphylococcus aureus strain B-918 (ATCC 
6538) deposited in the Ukrainian Collection 
of Microorganisms of the Zabolotny Institute 
of Microbiology and Virology of the National 
Academy of Sciences of Ukraine (IMV).

Experimental studies were conducted on fe-
male BALB/c line mice aged 6—8 weeks and 

weighing 17—20 g. Th e animals were kept in the 
vivarium of the IMV in standard conditions in 
plastic cages in a separate room at an air tem-
perature of 22—25 °C. Th ey received a full meal 
and had free access to auto-drinkers. Before 
the experiment, the animals were kept in quar-
antine for at least two weeks. All experimental 
studies were carried out taking into account the 
provisions of the European Convention for the 
Protection of Vertebrate Animals Used for Ex-
perimental and Other Scientifi c Purposes, dated 
18.03.1986 (Strasbourg) and the Law of Ukraine 
No. 3447-IV «On the Protection of Animals 
from Cruelty» [20, 21]. 

Before the experiment, the mice were ran-
domly divided into 3 groups, each of 5 individu-
als. Staphylococcal infection was simulated by 
injecting a daily culture of S. aureus strain B-918 
(ATCC 6538) in 0.15 M NaCl into the vagina of 
mice at a dose of 25 μL (5 x 107 cells per ani-
mal). 24 h later, a probiotic composition was in-
jected into the vagina of mice at a dose of 25 μL 
(1 x 106 cells per animal) once a day for 7 days. 
Individual comparison groups included infected 
and intact mice that were injected with 25 μL of 
0.15 M NaCl only. 

Th us, the following groups of animals were 
formed: 

1. Intact mice, with 0.15 M NaCl injected into 
the vagina. 

2. Mice infected with S. aureus strain B-918 
(ATCC 6538); 0.15 M NaCl was injected into the 
vagina (control). 

3. Mice infected with S. aureus strain B-918 
(ATCC 6538); the probiotic composition was in-
jected into the vagina.

On the 3rd, 7th, and 10th days aft er injection 
of the probiotic composition, vaginal discharge 
was obtained from live mice of all comparison 
groups with the aid of sterile uniform cotton 
swabs, which then were placed in individual 
sterile Eppendorf-type tubes with 1 mL of 0.15 
M NaCl and suspended. Th e obtained suspen-
sion was adjusted to a concentration of 10-5 and 
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10-7 in a series of ten-fold dilutions with 0.15 M 
NaCl, and 100 μL was sampled for inoculation of 
solid selective nutrient media for cultivation of 
various groups of microorganisms.

Aliquot inoculation was performed in the fol-
lowing selective nutrient media: (i) meat-peptone 
agar (MPA) for aerobic and facultatively anaero-
bic bacteria, (ii) BAIRD-PARKER-Agar (Merck, 
Germany) for Staphylococcus spp., (iii) KF-Strep-
tococcus agar (Merck, Germany) for Streptococ-
cus spp., (iv) MRSA (MRSA, HiMedia, India) for 
Lactobacillus spp., (v) Bifi dum agar (HiMedia, 
India) for Bifi dobacterium spp., (vi) Endo (HiMe-
dia, India) for coliform bacteria, (vii) Sabouraud 
agar (HiMedia, India) for microscopic fungi, and 
(viii) Pseudomonas agar (HiMedia, India) for 
Pseudomonas spp. [22—24]. Aft er 24 h of incu-
bation, we recorded preliminary data, and aft er 
48 h, — the fi nal ones. Th e data were expressed as 
colony-forming units (CFU) in 1 mL of a tested 
sample. Th e fi nal result was the number of colo-
nies in a single Petri dish. Th e criterion for the 
culture purity was the presence of morphologi-
cally homogeneous cells (stained according to 
Gram) in the microscope fi eld.

On the 14th day of the experiment, peripher-
al blood was taken from the tail vein of all live 
mice, from which serum was extracted. Serum 
antibody titer was determined by the bacterial 
agglutination reaction. Th en on the same day, 
mice of all comparison groups were killed by de-
capitation aft er complete anesthesia with chlo-
roform, and peritoneal exudate was obtained. 
Th e phagocytic activity and oxygen-dependent 
bactericidal activity of peritoneal exudate mac-
rophages (PEM) were evaluated using generally 
accepted methods [25]. Th e percentage of cells 
(phagocytic index (PI)) that phagocytized latex 
and the average number of latex particles that 
were absorbed by a single macrophage (phago-
cytic number (PN)) were determined. Oxygen-
dependent bactericidal activity of PEM was 
assessed by the indicators of spontaneous and 
stimulated cytochemical tests of nitro-blue tet-

razolium recovery (NBT tests). In the fi eld of 
view of the microscope, the percentage of cells 
containing dark blue granules of diformazan 
per 100 phagocytes was calculated. Functional 
reserve (FR) was determined by the diff erence 
between the indicators of stimulated and spon-
taneous tests (in%). 

All the data were processed by the method of 
variation statistics using the Epi Info computer 
soft ware (version 8.0) and Excel of Microsoft  
Offi  ce (versions 2007 and 2010). Th e data were 
presented as the arithmetic mean and stan-
dard error (M ± m). Th e null hypothesis for the 
comparison groups was tested using nonpara-
metric Wilcoxon-Mahn-Whitney (U) and Kol-
mogorov-Smirnov criteria. Diff erences between 
groups were considered statistically signifi cant at 
p < 0.05.

Results. Th e spectrum of the vaginal micro-
biota of intact mice was represented by bacteria 
of genera Staphylococcus, Streptococcus, Lacto-
bacillus, and Bifi dobacterium, as well as repre-
sentatives of the Enterobacteriaceae family and 
microscopic fungi (Fig. 1). Representatives of 
the genus Pseudomonas in the vagina of intact 
mice have not been identifi ed. Aft er infection of 
mice with S. aureus strain B-918 (ATCC 6538), 
starting from the 1st day and up to 10 days, we 
found the following clinical manifestations of 
the infectious-infl ammatory process: a signifi -
cant increase in the number of whitish mucous 
secretions from the vagina, an increase in body 
temperature, weakness, a decrease in appetite, 
etc. From the vagina of infected mice, aerobic 
and facultative anaerobic microorganisms were 
seeded in the MPA medium in an amount sig-
nifi cantly greater than from the vagina of intact 
mice throughout the observation period (Fig. 
1). At the same time, from the 3rd to 10th day of 
observation, a signifi cant increase in the num-
ber of representatives of the genera Staphylococ-
cus and Streptococcus was also identifi ed in the 
vagina of these mice. Th e change in the number 
of representatives of the genus Lactobacillus was 
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dynamic: on the 7th day of the observation, it 
decreased, while on the 10th day increased com-
pared to intact mice, which presumably refl ects 
the development of the infectious-infl ammatory 
process (Fig. 1). In the vagina of infected mice, 
the number of represen tatives of the genus Bifi -
dobacterium increased throughout the observa-
tion period, especially by the 10th day.

Th e number of microscopic fungi in the mice 
vagina decreased by the 3rd and 7th days; how-
ever, it signifi cantly increased by the 10th day, 
compared to the indicators for intact mice (Fig. 
1). From the vagina of infected mice, coliform 
bacteria were seeded in much smaller numbers 
than from the vagina of intact mice, while rep-
resentatives o f the genus Pseudomonas were not 

identifi ed at all. Th at is, the vaginal infection of 
mice with S. aureus B-918 (ATCC 6538) led to 
the appearance of external clinical signs of bac-
terial vaginitis and changes in the vaginal micro-
biota, associated primarily with an increase in 
the number of representatives of genera Staphy-
lococcus and Streptococcus, microscopic fungi, 
and a decrease in the number of representatives 
of the genus Lactobacillus in diff erent observa-
tion periods. 

Aft er the application of the probiotic com-
position to infected mice, the external clinical 
manifestations of bacterial vaginitis gradually 
disappeared and were not observed at all from 
the 7th to 10th day. On the 3rd and 7th days, sig-
nifi cantly fewer aerobic and optionally anaerobic 
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Fig. 1. Th e number of microorgan-
isms (Lg CFU/mL) in the vagina of 
infected mice treated and untreated 
with the probiotic composition plat-
ed on (a) MPA media, (b) BAIRD-
PARKER-agar media, (c) KF-Strepto-
coccus agar media, (d) MRSA media, 
(e) Bifi dum agar media, (f) Sabouraud 
agar media, and (G) Endo agar media
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microorganisms were seeded from the vagina of 
mice of this comparison group compared to the 
control group but more compared to intact mice. 
We should mention that under the eff ect of the 
probiotic composition, on the 10th day of obser-
vation, the number of these microorganisms in 
the vagina of infected mice increased signifi -
cantly compared to intact mice (Fig. 1). It was 
shown that the increase in the number of aerobic 
and facultative anaerobic microorganisms in this 
group was associated with the appearance of the 
colony characteristic of bacteria of the genus Ba-
cillus in about 50% of cases.

Th ese bacteria were usually large, diff erent 
in shape, rough, and white-grey, and they grew 
into agar without forming mucus. Under the mi-
croscope, the microorganisms of these colonies 
looked like gram-positive bacilli, a substantial 
part of which had an endospore at one end, mak-
ing the bacterium bulge, which is a characteris-
tic morphological feature of bacilli. As shown 
in Fig. 1, in the vagina of mice of this group, no 
representatives of the genus Pseudomonas were 
identifi ed.

Application of the probiotic composition to 
infected mice resulted in increasing the number 
of microorganisms seeded in the KF-Streptococ-
cus agar and Sabouraud media compared to in-
tact mice in the whole observation period (Fig. 
1). On the 3rd and 7th days, the number of mi-
croorganisms that grew in Sabouraud medium 
was greater even compared to the control mice. 
However, the morphological features of the col-
onies formed in the KF-Streptococcus agar and 
Sabouraud medium were characteristic for rep-
resentatives of the genus Bacillus, which was also 
confi rmed by microscopic studies. Application 
of the probiotic composition to infected mice re-
sulted in a signifi cant increase in the number of 
microorganisms from the vagina seeded in the 
Endo medium compared to both intact mice and 
control mice throughout the observation period, 
especially on the 10th day (Fig. 1). However, in 
50% of cases, we also found morphological signs 

of the colony, characteristic of representatives of 
the genus Bacillus, which was confi rmed by the 
microscopic study. Th  e number of representa-
tives of the genus Lactobacillus from the vagina 
of infected mice of this group did not change 
compared to intact mice on the 3rd and 7th days 
of observation but increased signifi cantly on the 
10th day. At the same time, the application of the 
probiotic composition to infected mice led to 
an increase in the number of representatives of 
the genus Bifi dobacterium found throughout the 
observation period, especially on the 10th day, 
compared even to the indicators for intact mice 
(Fig. 1). On the contrary, the number of repre-
sentatives of the genus Staphylococcus seeded 
from the vagina of infected mice treated with the 
probiotic composition was signifi cantly smaller 
than that from the control mice group through-
out the observation period, especially on the 10th 
day (Figs. 1, 2).

A gradual decrease in the staphylococcal load 
in the vagina of infected mice treated with the 
probiotic composition was also accompanied by 
a decrease in the titer of antibodies to staphy-
lococcus in the serum, which confi rms the ac-
celerated slowdown of the infectious process 
under its infl uence. Th us, on the 7th day, in the 
blood serum (1:10 dilution) of infected mice of 
all comparison groups, we found antibodies to S. 
aureus strain B-918 (ATCC 6538).

In the same observation period, when serum 
was diluted 1:100, antibodies were present in all 
infected control mice and 66% of mice infected 
and treated with the probiotic composition. On 
the 14th day, antibodies to S. aureus strain B-918 
(ATCC 6538) were detected in 66% of cases in 
mice of these two groups for the serum dilution 
of 1:10. For the 1:100 serum dilution, antibodies 
were present in 66% of the infected control mice 
but disappeared in the infected mice treated with 
the probiotic composition. 

Immunological studies were conducted to 
fi nd out if there is a relationship between a de-
crease in the titer of antibodies to S. aureus strain 
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B-918 (ATCC 6538) in serum and some factors 
of innate immunity involved in the mechanism 
of protection against staphylococcus. Given in 
Table 1 are the data on PEM functional activ-
ity in infected mice treated with the probiotic 
composition. 

We found a decrease in the PI of PEM of in-
fected mice that were not treated with the pro-
biotic composition, compared to intact mice. 
Th e PN of PEM of infected mice of this group 
was maintained at the control level. At the same 

time, vaginal infection of mice with staphylococ-
cus did not lead to a signifi cant change in the ox-
ygen-dependent bactericidal activity of PEM in 
terms of the spontaneous NBT test. In response 
to additional stimulation of PEM in mice of this 
group, the comparisons did not correspond to an 
increase in their activity in the NBT test. Th ere-
fore, the indicators of the stimulated NBT test 
were lower than those of the spontaneous NBT 
test, which indicates the depletion of the reserve 
capabilities of phagocytes. Application of the 
probiotic composition to infected mice led to an 
increase in PI PEM compared to infected mice of 
the control group but did not exceed the indica-
tors of intact mice. As shown in Table 2, the PN 
of PEM obtained from mice of this group did not 
change compared to the control and intact mice. 
As evidenced by the results of the NBT test, 
there was observed normalization of oxygen-de-
pendent bactericidal activity of PEM of infected 
mice treated with the probiotic composition.

Th us, the data obtained by us show that the 
probiotic composition of B. subtilis and B. mega-
therium has a therapeutic action on bacterial 
vaginitis in mice, which was confi rmed by the 
gradual disappearance of the external clinical 
signs of the infectious-infl ammatory process in 
the vagina against the background of the nor-
malization of the microbiota composition and 
activation of innate immunity factors.

a

b

Fig. 2. Microbiological studies of excretions from the va-
gina of mice of diff erent comparison groups (on the 10th 
day of observation): a — colonies of staphylococcus from 
the vagina of three infected mice treated with the probio-
tic composition (concentration 4.34 ± 0.04 lg CFU/mL); 
b — colonies of staphylococcus from the vagina of three 
infected mice not treated with the probiotic composition 
(control, concentration 6.73 ± 0.04 Lg CFU/mL)

Table 1. Indicators of functional activity of macrophages of the peritoneal cavity of infected mice treated with 
the probiotic composition

Group of mice
Activity indicators

PI (%) PN (standard 
units)

NBT test 
spontaneous (%)

NBT test 
stimulated (%) FR (%)

Intact 28.2 ± 7.5 2.6 ± 0.7 26.5 ± 6.8 43.1 ± 2.6** 16.0 ± 3.1
Infected and treated with 0.15 M NaCl 12.1 ± 4.4*^ 2.7 ± 0.8 21.1 ± 9.3 14.2 ±2.9 0
Infected and treated with the probiotic 
composition 36.2 ± 13.8* 2.8 ± 0.7 38.8 ± 9.8 48.2 ± 5.9** 10.0 ± 6.2

Note: *compared to intact mice; ^compared to infected mice treated with the probiotic composition; **compared to 
the indicators of spontaneous NBT test.
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Discussion. It has been found that probi-
otic therapy can be applied along with various 
antimicrobials or as an alternative treatment 
method for patients with urinary infections of 
various age groups [2—4]. In our view, the use 
of probiotic strains of bacilli is benefi cial for the 
treatment of patients of this category. First of all, 
the probiotic strains are more powerful in terms 
of antibacterial properties and capable of spore 
formation, as a result of which they can remain 
longer in a certain epitope. Th ey also have a 
transient eff ect, as bacilli are not representatives 
of the obligate microbiota of many biotopes, in-
cluding biotopes of the vagina. 

In an experimental model of vaginitis in mice 
induced with S. aureus strain B-918 (ATCC 
6538), we established the therapeutic eff ect of 
the new probiotic composition consisting of 
two strains of bacilli, namely B. subtilis and B. 
megatherium (UnicaUro, Sirion (Ukraine). Note 
that we have used this model of staphylococcal 
vaginitis in mice to eff ectively select probiotics 
based on probiotic strains of lacto- and bifi do-
bacteria with a multifactorial mechanism of ac-
tion [26]. To model bacterial vaginitis in mice, 
S. aureus strain B-918 (ATCC 6538) with proven 
hemolytic properties and a high ability to form 
biofi lms was chosen [27]. Its genome contains 
genes for staphylococcal leukotoxin and staphy-
lococcal enterotoxin [28]. It should be noted that 
in the presence of some antibiotics, the ability 
of S. aureus strain ATCC 6538 to form biofi lms 
even increased [29], so it is a good model for 
testing the eff ect of antimicrobial drugs on bio-
fi lm formation [30, 31]. Th e formation of a poly-
microbial biofi lm in the vagina is known [29] 
to protect bacteria from lactic acid, H2O2, bac-
teriocins, and antibiotics, as well as resistance 
to the immune defense factors (for example, 
phagocytic system cells); therefore, it can be one 
of the reasons for the high frequency of relapses 
of infectious and infl ammatory diseases. Th e 
formation of bacterial vaginitis in mice infected 
with S. aureus strain B-918 (ATCC 6538) was 

evidenced by the appearance of external clinical 
manifestations of the infectious-infl ammatory 
process against the background of an increase in 
the number of aerobic and facultatively anaero-
bic microorganisms, including representatives 
of the genera Staphylococcus and Streptococcus, 
and microscopic fungi and a decrease in the 
number of lactobacilli in diff erent observation 
periods. Th e therapeutic action of the probiot-
ic composition under study was confi rmed by 
the gradual cessation of external clinical signs 
of the infectious-infl ammatory process in the 
vagina along with the dynamic normalization 
of its microbiota, primarily due to a decrease 
in the  number of representatives of the genus 
Staphylococcus and an increase in the number of 
representatives of the genera Lactobacillus and 
Bifi dobacterium. 

It should be noted that scarce scientifi c litera-
ture has been published on experimental stud-
ies and clinical observations regarding the ef-
fectiveness of spore probiotics in the treatment 
of urinary tract infections. In particular, it was 
shown that the elimination of uropathogenic 
microorganisms from the vagina of patients 
with nosocomial urinary tract infections signifi -
cantly increased under the action of Bactisporin 
formulation of probiotic strain B. subtilis [17]. 
Th e use of another probiotic strain, B. coagu-
lans UniqueIS-2 (Unique Biotech Limited, In-
dia), along with antibiotic therapy in the treat-
ment of patients with bacterial vaginosis led to 
a decrease in the disease relapse and the disap-
pearance of concomitant symptoms such as dis-
charge, burning, urination, itching, and soreness 
[18]. Th e probiotic strains B. subtilis KATMIRA 
1933 and B. amyloliquefaciens B-1895 as well as 
their cell-free supernatants demonstrated anti-
microbial effi  cacy against the biofi lm-forming 
uropathogenic Proteus mirabilis, which is one of 
the most common causative agents of the uri-
nary tract infections [19].

We have not established the mechanisms of 
therapeutic action, including the antibacterial 
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action of the strains B. subtilis and B. megathe-
rium, which compose the probiotic composition 
under study. However, it has long been known 
that the antimicrobial effi  cacy of bacilli against 
uropathogenic microorganisms is associated 
with their ability to produce metabolites, pri-
marily bacteriocins [17, 19, 32—35]. For exam-
ple, Subtilosin A, which is produced by B. amy-
loliquefaciens and B. subtilis, eff ectively inhibited 
the growth of Gardnerella vaginalis, the causative 
agent of bacterial vaginosis and other human 
uropathogens through the induction of cells of 
transitional pores in the cytoplasmic membrane, 
which led to the leakage of intracellular ions and 
ATP and cell death [33, 36—38]. Th e growth of 
uropathogens such as Escherichia coli, Serratia 
marcescens, Enterobacter cloacae, P. mirabilis, 
Citrobacter freundii, and Enterococcus faecalis 
was eff ectively suppressed under the eff ect of 
Iturin A lipopeptides (LPs) C14 and C15, which 
are potent biosurfactants synthesized by the B. 
subtilis I’1a strain [34]. Th e cell-free supernatant 
of the B. subtilis strain R-18 also has an antimi-
crobial eff ect on S. marcescens, which causes var-
ious nosocomial infections (mostly urinary tract 
infections) and shows increased resistance to 
conventional antibiotics [35]. Metabolites of B. 
subtilis have been shown to reduce the resistance 
of uropathogenic microfl ora to antibiotics [17]. 
Lactosporin B. coagulans ATCC 7050 [32] and 
Subtilosin bacilli in the composition of vaginal 
hydrogel [39] have been used for the treatment 
of patients with bacterial vaginosis.

At the same time, in this study, we showed 
that the therapeutic action of the spore probiotic 
composition based on B. subtilis and B. megath-
erium strains, can be associated not only with 
their antimicrobial properties but also with the 
eff ect on some indicators of innate immunity. In 
particular, the application of this spore probiot-
ic composition to mice with bacterial vaginitis 
led to partial activation of the absorbing activ-
ity of PEM and elevated indicators of oxygen-
dependent bactericidal activity according to the 

indicators of the spontaneous NBT test of PEM 
and the restoration of their FR. A decrease in the 
number of representatives of the genus Staphy-
lococcus spp. in the vagina of mice with vaginitis 
treated with the probiotic composition was ac-
companied by a decrease in the titer of antibod-
ies to staphylococcus in the blood serum. How-
ever, further studies are required to establish 
the immunomodulatory properties of B. subtilis 
and B. megatherium strains. In particular, the 
immunomodulatory properties of other bacilli 
strains have been confi rmed by their ability to 
balance the immune response by aff ecting both 
the activity of macrophages and the production 
of cytokines that determine the development of 
T helper cells of the Th 1 and Th 2 types, which 
prevents the development of chronic infl amma-
tion and promotes long-term positive eff ects on 
the host’s health [10].

Previously, we have established that the 
strains of bacilli included in this probiotic com-
position have strain-dependent antimicrobial 
eff ectiveness against  some  museum strains of 
opportunistic and pathogenic microorganisms 
(Proteus vulgaris 72, Candida albicans 690, 
S. aureus 209, and Salmonella typhimurium 11). 
Insignifi cant zones of growth retardation were 
also observed for Escherichia coli 028 and Shi-
gella fl exneri GISK 337, which were cultivated 
with these strains of bacilli [35]. Th erefore, the 
antimicrobial eff ect of this probiotic composi-
tion in bacterial vaginitis can be related both to 
the antagonistic activity of the strains of bacilli, 
and to their immunomodulatory eff ectiveness. 
In our opinion, the basis of the therapeutic ef-
fect of bacilli for bacterial vaginitis lies in their 
powerful antagonistic activity against staphy-
lococcus and other opportunistic microorgan-
isms, which leads to limiting the growth and 
number of the latter in the vagina and, thus, has 
a therapeutic eff ect, including normalizing the 
state of the immune system. At the same time, 
to prove the presence of immunomodulatory ef-
fi ciency in these strains of bacilli, it is necessary 
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to conduct additional studies, which will neces-
sarily include in vitro experiments. 

In addition, bacilli that are not representatives 
of the normal microbiota of the vagina should 
gradually be eliminated from this biotope. Th ere-
fore, in further studies of the eff ectiveness of 
these strains of bacilli in vaginitis, we plan to de-
termine the term of their complete disappearance 
from the vagina. But it is known that probiotics 
from bacilli are self-eliminating antagonists; 10—
14—30 days aft er the last injection, they are not 
registered in the macroorganism [41—43]. 

Conclusions. Th us, the results of our study 
suggest that the spore probiotic composition 

of two strains of bacilli, namely B. subtilis and 
B.  megatherium  (UnicaUro,  Sirion (Ukraine)) 
may be eff ective in the treatment of bacterial 
vaginitis. However, further preclinical and clini-
cal studies are required to confi rm its therapeu-
tic, antimicrobial, and immunomodulatory ac-
tions. It should be noted that contraindications 
for the application of probiotics based on bacilli 
for the treatment of women with urinary tract 
infections must be clearly defi ned, since diff erent 
bacteria and their associations may be involved 
in the development of other pathological con-
ditions, in particular, pre-tumor diseases of the 
anogenital region [44]. 
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АНТИМІКРОБНА ТА ІМУНОМОДУЛЮВАЛЬНА ДІЯ ПРОБІОТИЧНОЇ КОМПОЗИЦІЇ 
НА ОСНОВІ БАЦИЛ ЗА БАКТЕРІАЛЬНОГО ВАГІНІТУ В МИШЕЙ

Бактерії роду Bacillus є однією з найперспективніших груп мікроорганізмів для розробки лікувально-про-
філактичних антимікробних препаратів, які можна використовувати у клінічній практиці та ветеринарії. 
Пробіотики на основі бацил мають терапевтичну і лікувальну ефективність при різних захворюваннях 
шлунково-кишкового тракту, а також порушенні імунного статусу, обміну речовин тощо. Пошук перспек-
тивних пробіотичних штамів бактерій роду Bacillus є актуальною проблемою мікробіології. Метою робо-
ти було визначення антимікробної та імуномодулювальної дії пробіотичної композиції на основі штамів 
Bacillus subtilis та B. megatherium (UnicaUro, Sirion (Україна)) за експериментального бактеріального вагініту. 
Методи. Експериментальні дослідження проводили на самках мишей лінії BALB/c. Для індукції бактеріаль-
ного вагініту використовували штам Staphylococcus aureus B-918 (ATCC 6538), який вводили мишам у піхву 
перед лікуванням пробіотичними бактеріями. У піхві мишей в різні терміни спостереження ідентифіку-
вали аеробні та факультативно анаеробні бактерії, у тому числі представники Staphylococcus, Streptococcus, 
Lactobacillus, Bifi dobacterium, Pseudomonas, а також коліморфні бактерії та мікроскопічні гриби за допомо-
гою загальноприйнятих мікробіологічних методів дослідження. Титр сироваткових антитіл до S. aureus ви-
значали за допомогою реакції бактеріальної аглютинації. Фагоцитарну та кисневозалежну бактерицидну 
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активність макрофагів перитонеального ексудату (МФПЕ) оцінювали за їхньою здатністю до поглинання 
латексу та рівнем кисневозалежної бактерицидної активності у тесті відновлення нітросинього тетразо-
лію (НСТ-тест). Результати. Про формування бактеріального вагініту в мишей лінії BALB/c, інфікованих S. 
aureus В-918 (АТСС 6538), свідчила поява зовнішніх клінічних проявів інфекційно-запального процесу на 
тлі збільшення кількості аеробних і факультативно анаеробних мікроорганізмів, у тому числі представників 
родів Staphylococcus і Streptococcus, мікроскопічних грибів, а також зменшення кількості лактобактерій у різ-
ні терміни спостереження. Введення пробіотичної композиції мишам із бактеріальним вагінітом приводило 
до динамічної зміни мікробіоти піхви: зменшувалась кількість аеробних і факультативно анаеробних мі-
кроорганізмів, насамперед за рахунок нормалізації кількості представників роду Staphylococcus. Поступове 
зменшення стафілококового навантаження в піхві інфікованих мишей, які отримували пробіотичну ком-
позицію, супроводжувалось зниженням титру антитіл до стафілококу у сироватці крові, що підтверджує 
пришвидшене затухання інфекційного процесу. У результаті проведених досліджень встановлено, що після 
введення пробіотичної композиції інфікованим мишам нормалізувалась функціональна активність клітин 
фагоцитарної системи, які відіграють ключову роль у захисті від стафілококової інфекції. Так, зростала ін-
тенсивність фагоцитозу МФПЕ за показниками фагоцитарного індексу, а також відновлювалась до рівня 
норми їх кисневозалежна бактерицидна активність в НСТ-тесті. Висновки. Пробіотична композиція на 
основі B. subtilis та B. megatherium (UnicaUro, Sirion (Україна)) мала ефективну лікувальну дію за бактеріаль-
ного вагініту у мишей, що підтверджувалось поступовим зникненням зовнішніх клінічних ознак інфекцій-
но-запального процесу у піхві та титру антитіл до стафілококу у сироватці крові на тлі нормалізації функ-
ціональної активності МФПЕ. Тому ця пробіотична композиція є перспективним антимікробним засобом, 
який може бути використаний у терапії бактеріального вагініту, але для підтвердження його лікувальної, 
антимікробної та імуномодулювальної ефективності потрібні подальші дослідження. 
Ключові слова: бацили, пробіотик, вагініт, імунітет, миші. 


