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Abstract

The cervicovaginal microbiota is an essential aspect of women’s reproductive and overall health. In this study, we aimed to
evaluate the probiotic properties of a cervicovaginal isolate, obtained from a gynecologically healthy woman and assess its
antagonistic effect against various microorganisms isolated from the vagina. Cytological examination was performed using
Papanicolaou staining, and the isolated microorganism was identified via 16S Ribosomal RNA Gene Sequence Analysis.
Probiotic characteristics were evaluated by determining the tolerance of the isolate to low pH, different NaCl concentra-
tions, and bile salts. Bacterial adherence to stainless steel sheets, antibiotic susceptibility, and antimicrobial activity tests
were also conducted and analyzed. Antimicrobial tests and antagonistic activities were assessed through disc diffusion
assays. The cervicovaginal isolate was identified as B. velezensis ON116948 and was found to be tolerant to low pH, high
NaCl and 0.3% bile salts. Additionally, it exhibited adherence. With the exception of amoxicillin/clavulanic acid (AMC)
(30 pg) and oxacillin (OX) (1 pg), this isolate was susceptible to all the antibiotics tested. Candida species did not grow on
B. velezensis spread media, while B. velezensis was able to grow on C. albicans, C. glabrata, C. tropicalis, S. condimenti
and S. epidermidis spread media with growth zones of 13.7+0.6, 13.3+0.6, 14.2+4.4, 10.5+0.5 and 16.0+ 1.0 (around
discs), respectively. Our findings suggest that the cervicovaginal B. velezensis ON116948 isolate exhibits probiotic proper-
ties and antagonistic activity. These results provide important insights into the potential use of this isolate as a probiotic for
the prevention of vaginal infections.

Introduction activities and contraceptives) [3, 4]. Lactobacillus species
are known for their capacity to colonize epithelial cell sur-

Cervicovaginal microbiota plays a substantial role in wom-  faces and create antimicrobial compounds such as bacte-

en’s health and reproduction [1]. The balance between the
diverse microorganisms that comprise the human vaginal
microflora/microecosystem is critical for homeostasis and
it has a significant effect on women’s genital system wellbe-
ing [2]. Types, compounds, and interactions between lower
genital system microorganisms differ among individuals and
the differences occur due to variations of internal (hormo-
nal status, age, pregnancy, ethnicity and immune system)
and external factors (smoking, antibiotic, douching, sexual
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riocin and hydrogen peroxide to maintain healthy vaginal
microflora [2, 5]. Recent studies have demonstrated that
women were dominated by different Lactobacillus species
and ratios of L. crispatus, L. gasseri, L. iners, L. jensenii,
L. acidophilus. Changes in these species are closely related
to gynecological problems such as sexually transmitted dis-
eases, bacterial vaginosis (BV) and vulvovaginal candidiasis
(VVO) [2, 6, 7] Lactobacilli abundance is known to process
glycogen breakdown and produce lactic acid, leading to a
low vaginal pH, which is hypothesized to benefit women by
reducing diseases such as BV [8]. However, some women
with low lactobacilli and a vaginal pH > 4.5 do not experi-
ence BV [9]. Similarly, women with a low vaginal pH also
do not experience vulvovaginal candidiasis (VVC) by means
of some cervicovaginal bacteria displaying anti-Candida
activity [10]. Therefore, isolation and identification of new
cervicovaginal inhabitants from healthy women would be a
very innovative potential to prevent cervicovaginal diseases.
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Bacillus velezensis (B. velezensis) is an aerobic, gram-pos-
itive bacterium and recently has been reported to suppress
the growth of microbial pathogens including not only bac-
teria and fungi but also nematodes [11]. It is also known to
promote plant growth and trigger, induced systemic resist-
ance in plants, allowing plants to defend themselves against
recurring infections caused by some microorganisms [11].
Nowadays, the usefulness of B. velezensis as a probiotic in
various fields is strongly been debated. By this means recent
studies focus on the potential of B. velezensis as a probiotic
not only in the aquaculture industry but also in husbandry
[12].

In this study, we aimed to figure out whether or not a
cervicovaginal B. velezensis isolate displays probiotic char-
acteristics and exhibits antagonistic activity against some
vaginal opportunistic pathogens belonging to Candida and
Staphylococcus species.

Materials and Methods
Cytological Examination of a Cervicovaginal Sample

Cervicovaginal samples were collected from women who
underwent examinations at the Gynecology Department
of Hacettepe University Hospital (between June 2019 and
August 2019). They were taken from the cervix (endocervix
and ectocervix) using a speculum and a sterile cytobrush
without any contact with the urethra/rectum and external
parts of the vagina to avoid any possible contamination.
Slides were fixed using 96% ethanol without air-drying
and stained according to the Papanicolaou method (Pap)
described by Donmez et al. [7]. Briefly, the slides were
washed with decreasing concentrations of alcohol solutions
(85-50%), followed by a wash with distilled water. After
rehydration, the slides were incubated for 2 min with Harri’s
Hematoxylin (Merck, Germany) and then rinsed with tap
water. Subsequently, the slides were rinsed again with 1%
hydrochloric acid (HCI)-alcohol and distilled water, respec-
tively. Then incubated separately for an additional 3 min
with Orange G and EA 65 dyes (Merck, Germany). All the
slides were rinsed with 95% ethanol to remove any exces-
sive dye. To cover-slip the slides, absolute ethanol, a 50%
(v/v) alcohol-xylene solution and pure xylene were applied,
followed by the use of Entellan (Merck, Germany) mount-
ing medium. The cytological findings were then investigated
by a light microscope and photographed using a camera-
attachment (Leica DM 4000B). Following cytological
examinations, cervicovaginal smear sample that includes
long bacilli in chains was selected for further microbiologi-
cal experiments.
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Microbial Isolation

Cytobrush that has been smeared to a sterile slide, has
also been immersed in 10 mL Brain—Heart Infusion (BHI)
Broth media (Lab M Ltd, Lancashire, UK) (pH 7) to grow
aerobic and facultative anaerobic microorganisms that
exist in the cervicovaginal sample and was incubated at
37 °C for 72 h. Following incubation, microbial culture
that was grown in BHI was inoculated into BHI agar, by
streak plate method in order to obtain different microor-
ganisms as single colonies. Obtained single colonies were
Gram-stained and examined under the light microscope
(Leica DM 4000B) separately. Microbial cells of a particu-
lar single colony, which exhibit the same microbiological
morphology as the microbial cells on the cervicovaginal
smear sample (long bacilli in chains) were selected to be
isolated. The isolated bacterial strain was inoculated into
BHI Broth media (pH 7) including 10% glycerol and stored
at — 20 °C to be identified and used in further experiments.

Bacterial Identification and Evolutionary Analysis

Bacterial isolate was initially grown in BHI Agar media
and colonies belonging to it was examined macroscopi-
cally. Afterwards, microscopic examination was applied
following Gram staining. Identification was done using
the 16S Ribosomal RNA Gene Sequence Analysis (BM
Labosis, 2020; Ankara, Turkey). For the identification of
bacterial species, the DNA isolation of the samples was
performed using the EurX GeneMATRIX Bacterial &
Yeast DNA Isolation Kit (Poland). Following DNA isola-
tion, the quantity and purity of the obtained DNA were
assessed using a Thermo Scientific Nanodrop 2000 spec-
trophotometer (USA). In the PCR study, the target gene
regions for species identification were amplified using
universal primers 27F-1492R and ITS1-ITS4. The primer
sequences and PCR conditions used are provided below:

27F 5" AGAGTTTGATCMTGGCTCAG 3’
1492R 5' TACGGYTACCTTGTTACGACTT 3’
ITS15' TCCGTAGGTGAACCTGCGG 3’
ITS4 5' TCCTCCGCTTATTGATATGC 3’

The PCR amplification was performed using the
kyratec thermocycler under the following conditions: 40
cycles of Denaturation: 95 °C for 45 s, Annealing: 57 °C
for 45 s, Extension: 72 °C for 60 s and Final Extension:
72 °C for 5 min. The temperature was lowered to 4 °C
and the PCR was completed. The amplification results
obtained through PCR were subjected to electrophore-
sis on a 1.5% agarose gel prepared in 1 X TAE buffer.
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Electrophoresis was conducted at 100 V for 90 min and
the gel was visualized under UV light after staining with
ethidium bromide.

A single-step PCR process was performed to amplify
the approximately 1470-base pair region. The PCR reac-
tion was carried out using Solis Biodyne (Estonia) FIRE-
Pol® DNA Polymerase with Taq polymerase enzyme.
After PCR, a single band was obtained on the agarose gel
for one of the samples, indicating the successful comple-
tion of the PCR process.

During the purification step of PCR products, the
obtained single-band samples were purified using the
MAGBIO “HighPrep™ PCR Clean-up System” (AC-
60005) purification kit following the kit’s procedures. For
Sanger sequencing of the sample, the ABI 3730XL Sanger
sequencing instrument (Applied Biosystems, Foster City,
CA) and the BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA) were used at
the Macrogen Netherlands laboratory. Reads obtained
from the 27F and 1492R, and ITS1-ITS4 primers were
assembled into contigs to generate a consensus sequence.
The BioEdit software was employed for this process, using
the CAP contig assembly algorithm.

The 16S Ribosomal RNA Gene Sequence that has been
determined has been uploaded to a GenBank and an acces-
sion number has been provided. The evolutionary history
was inferred using the Maximum Likelihood Method and
Tamura-Nei Model [13]. The phylogenetic tree with the
highest log likelihood (4478.00) is shown. The percentage
of trees in which the associated taxa clustered together is
shown next to the branches. Initial tree(s) for the heuris-
tic search were obtained by applying the BioNJ method
to a matrix of pairwise distances estimated using the
Tamura-Nei model. This analysis involved 15 nucleotide
sequences. There were a total of 1562 positions in the final
dataset. Evolutionary analyses were conducted in MEGA
X [14].

Microbial Growth Conditions and Harvesting

Bacterial isolate (B. velezensis) was first grown on BHI
agar (Lab M Ltd, Lancashire, UK) for 24 h at 37 °C. For
pre-culture preparations, single colonies were inoculated
into 10 mL BHI broth and incubated overnight at 37 °C.
1.5 mL of this preculture was used to inoculate a sec-
ond culture of 30 mL BHI broth, which was subsequently
grown for 24 h at 37 °C. Cells were harvested by centrifu-
gation at 3220xg for 10 min at 5 °C (Eppendorf 5810R,
with an Eppendorf Swing-bucket rotor A-4-62, Hamburg,
Germany); washed three times with 10 mM potassium
phosphate buffer (pH 7) and was adjusted to 2.0 McFar-
land optical density standard.

In Vitro Characterization of Probiotic Properties

Tolerance to low pH and high NaCl concentrations, toler-
ance against bile salts; bacterial adherence to stainless steel
plates; antibiotic susceptibility and antimicrobial activity
[15, 16] were determined for in vitro evaluation of probiotic
properties of cervicovaginal B. velezensis isolate.

Tolerance to Low pH

Since the gastric mucus layer is defined as pH 3, probiotic
microorganisms are expected to be tolerant to pH around
pH 3 [17]. In vitro assay to determine the resistance of B.
velezensis isolate to the acidic condition of the stomach
was applied. B. velezensis isolate was grown, harvested,
and adjusted to a 2.0 McFarland optical density standard as
described previously. . pH tolerance test of B. velezensis iso-
late was determined by inoculating 0.5 mL of bacterial sus-
pension (adjusted to 2.0 McFarland optical density standard)
in to 10 mL of potassium phosphate buffer with pH levels
of 2.0, 2.5, 3.0, 3.5 and 7.0 separately (Since tolerance of a
potential probiotic microorganism to acidic conditions was
tested, pH 7 was used as a control). Bacterial suspensions
inside potassium phosphate buffers with different pH levels
were incubated at room temperature. Food remains in the
stomach for at least 3 h [18]. Therefore, 4 h of incubation
was conducted for the pH tolerance test. After 4 h, 100 pL
of bacterial suspension was spread on the BHI agar plates
and agar plates were incubated at 37 °C for 24 h. After 24 h
of incubation, total colonies belong to each pH level were
counted to determine the viability and growth pattern.

Tolerance to NaCl

Bacillus velezensis isolate was grown, harvested and
adjusted to a 2.0 McFarland optical density standard as
described previously . Probiotic strains are expected to
withstand high salt concentrations in the human gut. By
this means, B. velezensis strain ON116948 was exposed to
seven different concentrations of NaCl. In this respect, BHI
agar plates were prepared in seven different concentrations
of NaCl (0, 0.5, 1, 5, 7.5, 10 and 12.5%). NaCl tolerance test
of B. velezensis isolate was determined by spreading 100 pL.
of bacterial suspension (adjusted to 2.0 McFarland optical
density standard) on to the BHI agar plates with seven dif-
ferent NaCl concentrations and incubating plates at 37 °C for
24 h. After incubation, influence of NaCl concentrations on
the bacterial growth was evaluated macroscopically.

Tolerance to Bile Salts

The physiological concentration of human bile in the duo-
denum is defined as around 0.3% [16]. Therefore, tolerance
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to 0.3% (w/v) bile salt was tested in this part. Bacillus
velezensis isolate was grown, harvested, and adjusted to a
2.0 McFarland optical density standard as described previ-
ously Bile salts tolerance test of B. velezensis isolate was
determined by inoculating 0.5 mL of bacterial suspension
in to the 10 mL BHI broth supplemented with 0.3% (w/v)
bile salt (sodium deoxycholate) and providing incubation at
37 °C for 24 h. After incubation, influence of bile salts on
the bacterial growth was evaluated visually. BHI broth with-
out 0.3% (w/v) bile salts was evaluated as a positive control.

Bacterial Adhesion to Stainless Steel Sheets

Bacillus velezensis isolate was grown, harvested and
adjusted to a 2.0 McFarland optical density standard as
described previously . Bacterial adhesion to stainless steel
sheets was determined by inoculating 1 mL of bacterial
suspension in to the sterile petri dishes that include sterile
stainless steel sheets and 20 mL BHI broth. After incubation
at 37 °C for 24 h, stainless steel sheets were rinsed 3 times
with 10 mM potassium phosphate buffer (pH 7) and visually
evaluated in terms of bacterial adhesion.

Antibiotic Susceptibility

Antimicrobial susceptibilities of the isolated and identi-
fied bacterial strain B. velezensis against different antibi-
otics including vancomycin (30 pg), gentamicin (10 pg),
streptomycin (10 pg), amoxicillin/clavulanic acid (30 pg),
penicillin G (10 Units), oxacillin (1 pg), amoxicillin (25 pg),
piperacillin (100 pg), norfloxacin (10 pg), nalidixic acid
(30 pg) were tested by Kirby-Bauer Disc-Diffusion method
according to the recommendation of Clinical and Labora-
tory Standards Institute (CLSI M100-ED30:2020). Briefly,
B. velezensis isolate was grown, harvested and adjusted to a
2.0 McFarland optical density standard as described previ-
ously. Standard antibiotic discs were placed onto the surface
of BHI plates, previously spread with 100 pL of bacterial
suspension and agar plates were incubated at 37 °C for 24 h.
After incubation, antibiotic susceptibilities of B. velezensis
isolate were determined according to the ZOI values given
as below [19]:

Z0I>10.0 mm: Sensitive
Z0I<10.0 mm: Resistant

Antimicrobial Activity

Clinical isolates of Candida albicans V6, Candida tropicalis
V89, Proteus mirabilis U135, Staphylococcus epidermidis W17
which were previously isolated and identified [20-22] and
Candida glabrata V23, Escherichia coli V7 and Staphylococ-
cus condimenti V36 strains which were isolated and identified
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using the 16S Ribosomal RNA Gene Sequence Analysis (BM
Labosis, 2020; Ankara, Turkey) were selected to be tested for
this part of the study.

All microorganisms were grown, harvested and adjusted to
a 2.0 McFarland optical density standard as described previ-
ously. 20 pL of B. velezensis were deposited onto sterile anti-
biotic assay discs (Whatman, 6MM PK 1000). These discs and
10 pL aliquot of B. velezensis were placed onto the surface of
BHI plates, previously spread with 100 pL C. albicans V6, C.
glabrata V23, C. tropicalis V89, E. coli V7, P. mirabilis U135,
S. condimenti V36 and S. epidermidis W17 clinical strains.
Apart from this, 20 pL of C. albicans V6, C. glabrata V23,
C. tropicalis V89, E. coli V1, P. mirabilis U15, S. condimenti
V36 and S. epidermidis W17 clinical strains were also depos-
ited onto sterile antibiotic assay discs. These discs and 10 pL
aliquots of all these seven clinical strains were placed onto the
surface of BHI plates, previously spread with 100 pL of B.
velezensis isolate. 20 pL. of 10 mM potassium phosphate buffer
(pH 7) deposited onto sterile antibiotic assay discs and 10 pL.
aliquots of 10 mM potassium phosphate buffer (pH 7) was
used as negative controls. All the BHI plates were incubated
for 24 h at 37 °C and the diameters of zone of growths on BHI
agar plates were measured using a ruler.

Statistical Analysis

The statistical analysis in this study was performed using
Statistical Package for the Social Sciences (SPSS) version
23 (IBM SPSS Statistics Inc., Chicago, IL, USA). The data
were described using mean + standard deviation. To test
whether the data follows a normal distribution, the Shap-
iro—Wilk test was conducted. Since the data was found to
deviate from normal distribution, the Mann Whitney U test
was used for comparing two groups, while the Kruskal Wal-
lis test was employed for comparisons involving more than
two groups. A significance level of P <0.05 was considered
as statistically significant.

Sequencing Data

The bacteria belonging to the only single colony was identi-
fied following 16S Ribosomal RNA Gene Sequence Analy-
sis with a GenBank accession number of ON116948.
Results

Cytological Examination of Cervicovaginal Smears
In this study, long bacilli took our attention during the
microscopic examination of one of the cervicovaginal

smears belonging to a woman (who attended the Gynecol-
ogy Clinic for the routine Pap-screening program) without
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any gynecological complaint. Long bacilli colonization on
and around the epithelial cells (Fig. 1a, b) was observed.
During the microscopic examination, the slide was also
examined under a light microscope to identify any potential-
specific infections. Bacterial vaginosis (BV) is diagnosed
by the presence of clue cells (epithelial cells with adherent
bacteria), a decrease in neutrophils and Lactobacilli. The
presence of filamentous and yeast forms of fungal micro-
organisms indicates a fungal infection. Additionally, the
detection of motile Trichomonas vaginalis protozoa confirms
Trichomoniasis. The observation of characteristic clusters or
filaments of Actinomyces species demonstrates Actinomy-
cosis. In the examined sample, there were no indications of
specific infections such as BV, fungal infection, Trichomo-
niasis, or Actinomycosis.

Moreover, there was no observed increase in inflamma-
tory cells (neutrophils and macrophages) or any cellular
abnormalities associated with inflammation. During the light
microscopic examination of the Pap smear, inflammatory

7

Fig.1 Images of the a Pap staining of the selected cervicovaginal
sample smeared slide with a bright field light microscope (400xmag-
nification). This representative image reveals the absence of inflam-
mation and specific infectious agents, as well as the absence of
cellular abnormalities. b Pap staining of the selected cervicov-
aginal sample smeared slide with a bright field light microscope
(1000xmagnification). Bacterial cells as bacilli indicated by red and
black arrows show bacilli colonization on (red arrow) and around

#

A N

cells, including neutrophils and macrophages, can be iden-
tified and characterized based on their cytological features.
Neutrophils display segmented nuclei divided into 2 to
5 lobes connected by thin chromatin strands, while mac-
rophages can be recognized by their kidney-shaped nuclei
and cytoplasmic vacuoles containing digested material.
Therefore, the cervicovaginal smear sample without any
specific infection or inflammation was selected for further
microbiological experiments.

Microbial Isolation, Identification and Evolutionary
Analysis

When the microbial growth after the application of the
streak plate method was examined, only one type of single
colony morphology was observed on the BHI agar (pH 7)
plate as seen in Fig. 1c. The microbial cells belonging to that
single colony were determined as Gram-positive bacilli (in
chains) following Gram staining (Fig. 1d). It was seen that

o ’L"\-

(black arrow) cervicovaginal epithelial cells. ¢ Single colonies belong
to the bacterial isolate on BHI Agar medium. d Gram-stained bacte-
rial isolate taken with a bright field light microscope 100xmagnifica-
tion (LEICA DM500). Red arrow shows single colony morphology
of the isolated bacteria (B. velezensis). The violet color indicates that
isolated bacterial cells (B. velezensis) are gram-positive (Color figure
online)
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the microscopic morphology of the bacterial cells belong-
ing to only a single colony was the same as the microscopic
morphology of the bacterial cells observed after the cyto-
logical examination of the selected cervicovaginal sample.
Therefore, bacteria belonging to the only single colony were
isolated and identified as B. velezensis with 99% identity
ratio, following 16S Ribosomal RNA Gene Sequence Analy-
sis with a GenBank accession number of ON116948. The
information about the sequence similarity is presented in
Fig. 2 with a phylogenetic tree.

Fig.2 The phylogenetic tree
of the isolated B. velezensis
ON116948 strain

99

In Vitro Characterization of Probiotic Properties
Tolerance to Low pH

Growth of B. velezensis strain ON116948 on BHI agar plates
after being incubated inside potassium phosphate buffer
adjusted to 2.0, 2.5, 3.0, 3.5 and 7.0 pH levels were evalu-
ated (Fig. 3a). As seen in Fig. 3b, although there became a
decrease in the bacterial count in parallel with the decrease
in pH level, B. velezensis ON116948 demonstrated growth
at each pH level tested in this study (Fig. 3a, b). Thus, it
exhibited the potential to survive even in acidic conditions.
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Bacillus cereus ATCC 145797 (NR 074540.1)
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Bacillus mycoides ATCC 64627 (NR 115993.1)
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A. Tolerance to low pH

B. pH levels

*
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Colony Forming Units (CFU)
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%7.5 %10 %12

D. Adherence to stainless steel sheets

adhesion

control

Fig.3 a and b Growth of B. velezensis strain ON116948 on plates
after being incubated inside potassium phosphate buffer adjusted to
different pH levels (For the pH-dependent growth curve analysis of
B. velezensis strain ON116948, data from three independent experi-
ments were collected. The results are expressed as mean =+ standard
deviation. There is a statistically significant difference among the pH
values, Kruskal Wallis H test, *P=0.011). ¢ Growth of B. velezensis
strain ON116948 on plates that include different NaCl concentrations.
d Growth of B. velezensis strain ON116948 on stainless steel sheets

Tolerance to NaCl

Regarding the tolerance to NaCl, B. velezensis strain
ON116948 was able to grow even in the highest concentra-
tion of NaCl (12.5%). The bacterial count was decreased in
parallel with the increase in NaCl concentration (Fig. 3c).

Tolerance to Bile Salts

Bacillus velezensis strain ON116948 was determined as
tolerant to 0.3% bile salt, by exhibiting growth after 24 h
of incubation in 0.3% bile salt-supplemented BHI broth
media.

Table 1 Disc diffusion test results of isolated and identified B.
velezensis strain ON116948 against 10 different antibiotics

Diameter of zone of
inhibition (ZOI) (mm)

Tested antibiotics

19.00 +0.82 (sensitive)
17.67 +£0.94 (sensitive)
13.00+ 1.63 (sensitive)

0.0040.00 (resistant)
32.33+1.25 (sensitive)

0.00+0.00 (resistant)
23.67 £ 1.70 (sensitive)
18.67 +1.89 (sensitive)
24.33 +£2.36 (sensitive)
22.67 +3.30 (sensitive)

Vancomycin (30 pg)

Gentamicin (10 pg)

Streptomycin (10 pg)
Amoxicillin/clavulanic acid (30 pg)
Penicillin G (10 units)

Oxacillin (1 pg)

Amoxicillin (25 pg)

Piperacillin (100 pg)

Norfloxacin (10 pg)

Nalidixic acid (30 pg)

Bacterial Adhesion to Stainless Steel Sheets

Bacillus velezensis strain ON116948 was able to attach well
to the stainless steel. The adhesion of B. velezensis strain
ON116948 is shown in Fig. 3d.

Antibiotic Susceptibility

In Table 1, the antibiotic susceptibility of B. velezensis in
terms of the diameter of the zone of inhibition (ZOI) is
given. According to our findings, there was not any ZOI after
the application of amoxicillin/clavulanic acid (30 pg) and
oxacillin (1 pg) antibiotics. However, except for amoxicillin/
clavulanic acid (30 pg) and oxacillin (1 pg); B. velezensis
strain ON116948 was sensitive to all antibiotics tested.

Antimicrobial Activity

Table 2a presents the growth of tested microorganisms in
millimeters (mm) (mean values + SD, n=3) on B. velezen-
sis spread media and shows the antagonistic effect of B.
velezensis against different microbial species. According to
our results, a statistically significant difference was deter-
mined among the growth of different tested microorganisms
both around discs (P=0.003) and 10 pL aliquots (P =0.003)
on B. velezensis spread media. This finding indicates that
the growth on B. velezensis spread media varied depend-
ing on the tested clinical microbial strain. According to our
results, there was not any growth zone formed by C. albicans
Vo6, C. glabrata V23, and C. tropicalis V89 strains (both
around discs and aliquots) on B. velezensis spread media.
However, E. coli VT and P. mirabilis U15 clinical strains
formed growth zones both around discs and 10 pLL microbial
aliquots (Table 2a, Fig. 4a).

When E. coli V7 and P. mirabilis U15 clinical strains
were compared in terms of their growth zone diameters
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Table2 A Zones of the diameter of growth of Candida albicans V6,
Candida glabrata V23, Candida tropicalis V89, Escherichia coli
V197, Proteus mirabilis U15, Staphylococcus condimenti V36 and
Stapylococcus epidermidis W17 on B. velezensis strain ON116948

spread media. B Zones of the diameter of growth of B. velezensis
strain ON116948 on C. albicans V6, C. glabrata V23, C. tropicalis
V89, E. coli V7, P. mirabilis U15, S. condimenti V36 and S. epider-
midis W17 spread media

(A) Growth of tested microorganisms (mm; mean values, n=3) P

C. albicans V6  C. glabrata V23 C. tropicalis E. coli V7 P. mirabilis U15 S. condimenti S. epidermidis

V&9 V36 W17

Discs 0.0+£0.0 0.0+£0.0 0.0+0.0 10.0+0.0 26.5+3.0 0.0+0.0 0.0+£0.0 0.003*
10pLMS  0.0+0.0 0.0+£0.0 0.0+0.0 12.5+£0.5 67.5+£2.5 70+1.0 6.0+0.0 0.003*
(B) Growth of B. velezensis strain ON116948 (mm; mean values, n=23) P

C. albicans V6  C. glabrata V23 C. tropicalis E. coliVT7 SM  P. mirabilis U15 S. condimenti S. epidermidis

SM SM V89 SM SM V36 SM W17 SM
Discs 13.7+0.6 13.3+0.6 142+4.4 0.0+0.0 0.0+0.0 10.5+0.5 16.0+1.0 0.007°
10pLMS 13.5+0.5 13.3+0.6 18.3+4.7 0.0+£0.0 0.0+0.0 10.0+0.0 16.5+1.5 0.006"

(A) Growth of tested microorganisms, (B) Growth of B. velezensis strain ON116948

SM spread media, MS microbial suspension

#Kruskal Wallis test, p <0.05; Discs: E. coli versus P. mirabilis, Mann Whitney U test, P=0.034;10 uL MS: E. coli versus P. mirabilis, Mann
Whitney U test, P=0.050; S. condimenti versus S. epidermidis, Mann Whitney U test, P=0.121

bKruskal Wallis test, P<0.05; Discs: C. albicans versus C. glabrata vs. C. tropicalis, Kruskal Wallis test, P=0.649; S. condimenti versus S.
epidermidis, Mann Whitney U test, P=0.050; 10 uL MS: C. albicans versus C. glabrata versus C. tropicalis, Kruskal Wallis test, P=0.441; S.

condimenti versus S. epidermidis, Mann Whitney U test, P=0.037

around discs on B. velezensis spread media, growth zone
of P. mirabilis U15 was significantly more than the growth
zone of E. coli V7 (P=0.034). Apart from this, no growth
zone was observed around the discs where S. condimenti
V36 and S. epidermidis W17 strains were deposited. How-
ever, a slight growth was observed when 10 pL of S. condi-
menti V36 and S. epidermidis W17 strains were inoculated
on B. velezensis spread media. The difference in the growths
between S. condimenti V36 and S. epidermidis W17 when
inoculated as 10 pL aliquots was not statistically significant
(P=0.121). (Table 2a, Fig. 4a).

Table 2b presents the growth of B. velezensis strain
ON116948 when deposited on discs and when inoculated as
10 pL aliquots on different microbial species spread media.
Our findings revealed a statistically significant difference
among the growth of all the tested strains both around discs
(P=0.007) and around 10 pL aliquots (P=0.006), indicating
that the growth of B. velezensis varied significantly depend-
ing on the specific microorganisms spread to the media. This
highlights that B. velezensis has diverse effects on the growth
of different microbial species. According to our results, B.
velezensis exhibited no growth (both around discs and 10 pL
aliquots) on E. coli V7 and P. mirabilis U15 spread media.
However, B. velezensis demonstrated growth zones (both
around discs and 10 pL aliquots) on media spread with Can-
dida species (C. albicans V6, C. glabrata V23, C. tropicalis
V89) and Staphylococcus species (S. condimenti V36 and
S. epidermidis W17) (Table 2b, Fig. 4b). While there was
a limited statistically significant difference in the growth
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zones of B. velezensis around discs on S. epidermidis and S.
condimenti spread media (P=0.05), a significant difference
was observed in the growth zones around 10 pL aliquots on
S. epidermidis and S. condimenti spread media (P =0.037).
Apart from these, no significant difference was observed
in the growth zones of B. velezensis both around discs and
10 pL aliquots on C. albicans V6, C. glabrata V23 and C.
tropicalis V89 spread media (P =0.649).

To sum up, B. velezensis strain ON116948 exhibited
antagonistic effect against clinical Candida albicans V6,
Candida glabrata V23, Candida tropicalis V89, Staphylo-
coccus condimenti V36 and Stapylococcus epidermidis W17
strains. However, it was not effective against two-gram-neg-
ative microbial species of E. coli V7 and P. mirabilis U15.

Discussion

The human vaginal micro-ecosystem is composed of sev-
eral aerobic and anaerobic microorganisms that coexist in
a dynamic balance [23]. This micro-ecosystem is the first
line of defense against infections by “competitive exclu-
sion” and “direct killing” [24]. Microbial species that exist
in this micro-ecosystem are closely related to gynecologi-
cal problems such as sexually transmitted diseases, bacterial
vaginosis (BV) and vulvovaginal candidiasis (VVC) [3, 6,
7, 25, 26]. Previous studies show that various Lactobacil-
lus species are found in the cervix and vagina as Gram-
positive bacilli [27] and microorganisms belonging to the
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A. Growth of clinical isolates on B. velezensis SM

S. epidermidis W17 S. condimentii V36 C. tropicalis V89

B. Growth of B. velezensis on clinical isolates SM

E. coliV7 P. mirabilis U15

Fig.4 Images of growth of a different clinical isolates on B. velezen-
sis spread media. b B. velezensis on different clinical isolates spread
media. Red arrows indicate the zone of growth around discs; black
arrows indicate the zone of growth after the addition of 10 pL. micro-
bial suspension (Color figure online)

Lactobacillus genus are regarded as part of the normal
human gastrointestinal and vaginal flora [28].

Additionally, Lactobacilli abundance is known to benefit
women by reducing diseases such as BV and VVC [8]. How-
ever, in some cases, women without Lactobacilli also do not
experience vaginal infections as a result of some other cer-
vicovaginal microorganisms displaying antagonistic activi-
ties against various vaginal opportunistic pathogens [10].
Therefore, isolation and identification of new cervicovaginal
inhabitants from gynecologically healthy women would be
a very innovative solution for the prevention of diverse cer-
vicovaginal infections.

In the first part of this study, long bacilli in chains both
in the cervicovaginal smear and in the cervicovaginal cul-
ture (grown in BHI Broth, pH 7) of a cervicovaginal sam-
ple belonging to a woman who did not have any gyneco-
logical complaint was observed (Fig. 1a and b). Following
this observation, we isolated and identified that bacteria,
to understand whether or not it is a known cervicovaginal
inhabitant. The microbial isolate that exhibits long bacilli in

chains (Fig. 1a, b and d) was identified as B. velezensis by
16S Ribosomal RNA Gene Sequence Analysis BM Labosis,
2020; Ankara, Turkey) with a GenBank accession number
of ON116948 (Fig. 2). To the best of our knowledge, B.
velezensis has not been reported to exist in cervicovaginal
microbiota before.

In recent years, the isolation, identification, and testing
of numerous of B. velezensis strains in various applications
within the fields of agriculture, biotechnology and biocontrol
have increased. According to these studies, it is seen that the
isolated and identified diverse B. velezensis strains exhibit
differences in terms of their secondary metabolites, antimi-
crobial activities, genetic compositions and plant growth-
promoting traits [29-34].

Bacillus velezensis is a gram-positive bacterium that
can be easily isolated and cultured by means of being dis-
tributed widely in nature [12]. Due to its wide distribution
in nature and enrichment in its metabolites and inhibitory
compounds such as surfactin and bacteriocins, B. velezensis
is also used as a probiotic both in the aquaculture [35] and
in animal nutrition [12]. Moreover, this bacterial species is
also reported to inhibit adherence, replication, virulence of
pathogens and regulate the immune system of animals [36].
From 2017 to 2020 years, various B. velezensis strains have
been reported to be isolated from diverse animal sources
such as chicken cecal content, domestic yak, manure of pig-
lets, intestinal tract of healthy grouper, gastrointestinal tract
of healthy grass carp, catfish intestine and intestines of free-
range Tibetan yaks [12]. Surprisingly, B. velezensis has also
been reported to be isolated from human gut microbiota in
July 2021 [37].

Probiotics are expected to display tolerance to vari-
ous adverse conditions such as low pH, high NaCl and
0.3% bile salts [12, 38]. Therefore, in the next part of this
study, in vitro characterization of probiotic properties of
B. velezensis strain ON116948 was assessed. The gastric
mucus layer is defined as pH 3 and probiotic microorgan-
isms are expected to be tolerant to pH 3 [17]. This study
reports not only tolerance to pH 3, but also to pH 2 and pH
2.5 (Fig. 3a and b). Apart from this, NaCl is reported to
inhibit the growth of certain types of microorganisms in the
human gut [39].

Therefore, probiotic strains are expected to withstand
high salt concentrations in the human gut. By this means,
B. velezensis strain ON116948 was exposed to seven dif-
ferent concentrations of NaCl in this study and demon-
strated tolerance not only to 10.0%, but also to 12.5% NaCl
concentration (Fig. 3c). The physiological concentration
of human bile in the duodenum is defined as around 0.3%
[16]. As a result, this concentration is usually selected as
an essential bile dose for the selection of probiotic strains
[40]. Although the high concentration of bile salts causes
disruption of cellular homeostasis, bacterial content leakage,
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and sometimes cell death [41]. Bacillus velezensis strain
ON116948 in the present study showed growth in BHI sup-
plemented with 0.3% bile salts which is in line with the
other studies that report probiotic microorganisms having
ability to grow in the media supplemented with wide bile
concentration (0.05-0.3%) [16]. The outcomes of the tests
mentioned above showed that B. velezensis had an abiotic
stress tolerance.

Another important characteristics of probiotic bacteria is
reported as adhesion to the intestinal flora [15]. According
to Darmastuti et al. [42] probiotics with excessive adhesion
capacity have high capability to bind host epithelial cell sur-
face especially intestinal epithelial cells. In parallel with this,
adhesion-related genes were identified in the genome of B.
velezensis R-71003, that play roles on adherence of the strain
to the gut [19]. In line with this criterion, B. velezensis strain
ON116948 also possessed an in vitro adherence property to
the stainless steel surface in this study (Fig. 3d). This finding
suggests the colonization potential of B. velezensis not only
on GI but also on lower genital tract flora.

Antibiotic resistance poses a threat to both animal and
human health [43]. Therefore, absence of antibiotic resist-
ance is known as one of the most important characteristics
of a probiotic [19]. Antibiotic resistance of B. velezensis
strain ON116948 towards 10 different antibiotics (Vanco-
mycin (30 pg), gentamicin (10 pg), streptomycin (10 pg),
amoxicillin/clavulanic acid (30 pg), penicillin G (10 Units),
oxacillin (1 pg), amoxicillin (25 pg), piperacillin (100 pg),
norfloxacin (10 pg) and nalidixic acid (30 pg)) which were
mostly prescribed for bacterial vaginosis or urogenital infec-
tions were tested in the next part of this study [44, 45]. In
line with characteristics of a probiotic, B. velezensis strain
ON116948 was determined as sensitive to all antibiotics
tested except amoxicillin/clavulanic acid (30 pg) and oxa-
cillin (1 pg) (Table 1). Several clinical trials support the
use of probiotics in the management of acute gastroenteritis
and antibiotic-associated diarrhea [46] and it is known that
extensive use of some antimicrobials influences the resist-
ance of the gut microbiota [47]. In these situations, pro-
biotics are reported to be directly exposed to antibiotics,
sometimes even at a very high concentration. This makes the
adaptation of probiotics to antibiotics possible [46]. As an
example, one of the recent studies investigates the ecological
role of AMC-resistant bifidobacterial strains [47]. Another
study emphasizes the mechanism of adaptive gentamycin
resistance in a probiotic Lactobacillus casei strain (one of
the probiotic species which has been used both as starter
cultures and as food additives for improving food texture
properties) [46]. Additionally, some of the L. casei strains
were determined as AMC-resistant in one of the recent stud-
ies [48]. Since the combination of amoxicillin/clavulanic
acid is one of the most frequently prescribed antibiotics in
the world, it is possible that many probiotics residing in
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the intestinal microbiota may have developed resistance
to it. Since cervicovaginal pathogens such as G. vaginalis
strains isolated from vaginal samples diagnosed with BV
are reported as AMC-sensitive [49], AMC resistance of B.
velezensis strain ON116948 could be a choice to be used
to restore the normal cervicovaginal microbiota during the
vaginal infections or cervicovaginal cancer [44]. Probiotic
bacteria are also known to synthesize some antimicrobial
substances against various pathogenic microorganisms [38,
44]. Therefore, probiotics are regarded as ideal alternatives
to diverse antibiotics due to their benefits of causing antago-
nistic and suppressive effect against various pathogens [16].
By this means, in the last part of this study, it is aimed to
determine whether or not B. velezensis strain ON116948
demonstrates antagonistic activity against Gram-positive,
Gram negative and yeast pathogens (Table 2a and b, Fig. 4a
and b). According to our findings, E. coli V7 and P. mirabilis
U15 caused an antagonistic activity against B. velezensis
isolate. The observed ineffectiveness of B. velezensis against
E. coli V7 and P. mirabilis U15, raises the need for further
research on the antagonistic activity of B. velezensis strain
ON116948 against some other gram-negative bacteria. On
the other hand, B. velezensis strain ON116948 suppressed
the growth of C. albicans V6, C. glabrata V23, C. tropicalis
V89, S. condimenti V36 and S. epidermidis W17 strains.
While inhibitory effect of B. velezensis against the micro-
bial growth of some fungal pathogens such as Aspergillus
flavus, Cryptococcus neoformans and Fusarium solani has
been reported [50], some opportunistic pathogens such as
C. albicans, C. glabrata, C. tropicalis, S. condimenti and
S. epidermidis have not been reported to be inhibited by B.
velezensis until now. Therefore, our findings not only rep-
resent a possible probiotic candidate, but also demonstrates
a beneficial cervicovaginal colonizer as a result of being
able to cause an antagonistic activity against some cervi-
covaginal opportunistic pathogens belong to Candida and
Staphylococcus genus for the first time. However, its safety
and efficacy in clinical trials should also be tested in detail
before it can be recommended for clinical use.

Conclusion

Based on the findings of this study, it can be concluded that
B. velezensis strain ON116948, which was isolated from a
cervicovaginal sample of a gynecologically healthy woman,
could be a probiotic candidate for the prevention and treat-
ment of vaginal infections. This microorganism demon-
strated antagonistic activity against various opportunistic
pathogens, including Candida and Staphylococcus species,
and its ability to resist AMC might make it a favorable alter-
native to antibiotics used to treat AMC-sensitive bacterial
vaginosis (BV)-associated microorganisms. These results
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suggest that B. velezensis strain ON116948 has the poten-
tial to be used as a novel probiotic in the development of
therapeutic strategies for vaginal infections. However, fur-
ther research is needed to confirm its safety and efficacy in
clinical trials before it can be recommended for clinical use.
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