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Streptococcus strain C17" as a potential probiotic candidate
to modulate oral health
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Significance and Impact of the Study: Host tissue adhesion and pathogen inhibition are important selec-
tion criteria for bacterial strains with probiotic potential. In this study, we used human bronchial epithe-
lial (HBE) cells as an in vitro oropharyngeal mucosal model to screen for potential oropharyngeal
probiotics. Streptococcus strain C17" effectively adapted to the oropharyngeal environment and inhib-
ited the pathogen Staphylococcus aureus from adhering to the HBE cells. The foregoing results provide
a theoretical basis for the development of innovative probiotics that regulate oropharyngeal health.
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Abstract

In the microbiome, probiotics modulate oral diseases. In this study,
Streptococcus strain C17" was isolated from the oropharynx of a 5-year-old
healthy child, and its potential probiotic properties were analysed using human
bronchial epithelial cells (16-HBE) used as an in vitro oropharyngeal mucosal
model. The results demonstrated that the C17" strain showed tolerance to
moderate pH ranges of 4-5 and 0-5-1% bile. However, it was more tolerant to
0-5% bile than 1% bile. It also demonstrated an ability to accommodate
maladaptive  oropharyngeal conditions (i.e. tolerating lysozyme at
200 pg ml™). It was also resistant to hydrogen peroxide at 0-8 mM. In
addition, we found out that the strain possesses inhibitory activities against
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various common pathogenic bacteria. Furthermore, C17" was not cytotoxic to
16-HBE cells at different multiplicities of infection. Scanning electron
microscopy disclosed that C17" adhesion to 16-HBE cells. Competition,
doi-10.1111/lam. 13680 exclusion and displacement assays showed that it had good anti-adhesive effect
against S. aureus. The present study revealed that Streptococcus strain C17° is a

potentially efficacious oropharyngeal probiotic.

Lépez et al. 2017). Oropharyngeal microbiota are dynamic
and diverse (Lamont et al. 2018). Various risk factors such
as bad food habits and poor oral hygiene can alter oral

Introduction

Microbial communities exist on all surfaces of the human

body including the respiratory mucosa. Specialized bacte-
rial communities inhabit particular sites on the respiratory
tract and play important roles in maintaining human
health (Man et al. 2017). Beneficial bacteria strongly influ-
ence host metabolism, nutrition, physiology and immune
function (Bustamante et al. 2020). Hundreds of microbial
species inhabit the human oral cavity (Keijser et al. 2018).
Most are commensals whilst others are mutual symbionts
with oral mucosal barrier functions. They confer resistance
to pathogenic bacterial colonization in the host (Lépez-

microbiota and disturb the balance between commensal
and pathogenic microorganisms (Fan et al. 2018). These
aberrations may lead to a predominance of opportunistic
pathogenic bacteria in the oral cavity that cause pharyngi-
tis, caries, gingivitis and other oral diseases and infections
(Lu et al. 2018). It is reasonably safe to select bacterial spe-
cies derived from the oropharynx of healthy humans for
use as probiotics (Bidossi et al. 2018). Probiotics are living
microorganisms that can confer health benefits to the host
in the appropriate doses (Jiger et al. 2019). Probiotic
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Figure 1 Growth curves plotting Streptococcus strain C17" vs incubation time under different conditions. (a) Acidic pH and 0-5% or 1-0% bile.
(b) 100 pg ml~" or 200 pg mi~" lysozyme. (c) 0-08 mM or 0-8 mM hydrogen peroxide (H,0,). OD = optical density.

consumption maintain bacterial balance and inhibits
pathogen growth (Nazir et al. 2018).

Alpha-haemolytic streptococci such as Streptococcus
salivarius and S. oralis are isolated from the human phar-
ynx and are early colonizers of the upper respiratory
mucosae. Their presence is indicative of healthy oral
microflora (Wescombe et al. 2009; Sidjabat et al. 2016).
They have a high affinity for the respiratory mucosae and
protect epithelial cells from pathogen adhesion and
potential cytotoxicity (Bidossi et al. 2018). The ability of
probiotics to adhere to host cells is a classic selection cri-
terion. Such probiotics can compete against pathogens for
host cell binding sites and inhibit pathogenic bacterial
adhesion (Monteagudo-Mera et al. 2019). Moreover, the
superior adhesion capacity of efficacious probiotics
enables them to interact with the host and confer benefi-
cial effects upon it. Staphylococcus aureus is a pathogenic
bacterium in the oral cavity. It usually causes microbio-
logical dysbiosis and oropharyngeal tract dysfunction
(Schenck et al. 2016). Hence, the oropharyngeal tract is a
potential target for the development of novel probiotic
products. This study aimed to investigate the oropharyn-
geal Streptococcus isolate C177 as a novel candidate probi-

salt concentrations is shown in Fig. la. C17" tolerated
moderately acidic pH 4-5 but its growth sharply declined
at pH 2-3. C17" had greater resistance to 0-5% bile than
1% bile. Moreover, it tolerated 0-8 mM H,0, and
200 pg ml™" lysozyme. Hence, it could overcome the hos-
tile conditions of the oropharyngeal tract (Fig. 1b,c). The
ideal probiotic strains are derived from humans, devoid
of potential virulence genes, catalase-negative and sensi-
tive to ordinary antibiotics; can tolerate oral and digestive
tract conditions and are able to adhere to epithelial mem-
branes and compete with other microbes (Nagpal et al.
2018). The results of this study indicated that C17" sur-
vived moderately low pH, was resistant to bile salts and
catalase and adapted to adverse oropharyngeal conditions.

Antibiotic susceptibility

Table 1 shows the sensitivity of C17" to nine different
antibiotics. C177 was sensitive to chloramphenicol, van-
comycin, clindamycin, linezolid and cefepime; strongly

Table 1 Antibiotic susceptibility of Streptococcus strain C177

otic and analyse its potential probiotic properties in vitro  Antibiotic Dose (pg mi™") Sensitivity
with the objective of further regulating oral health.
Chloramphenicol 30 S
Cefepime 30 S
Result and discussion Vancomyein 30 S
Ampicillin 10 R
N - . Cefatriaxone 30 R
Resistance to acidic pH, bile, lysozyme and H,0, Cindamycin K <
We studied the potential probiotic properties of Strepto- Linezolid 30 5
: T sope . Cefotaxime 30 R
coccus strain C17°. A probiotic must resistance oropha- .
. e .. Erythromycin 15 I
ryngeal stress conditions to maintain its activity and
viability there. Strain survivability at various pH and bile S = susceptible; | = intermediate (moderately resistant); R = resistant.
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Table 2 Inhibition of common pathogens by Streptococcus strain C177

Streptococcus strain C17" as a potential probiotic candidate

Pathogens

Antagonistic Streptococcus Pseudomonas aerugi-  Escherichia K. pneumo-  P. vul- E. cloa- A Bau- S. pyoge-
strains aureus nosa coli niae Qgaris cae mannif nes
arr +++ ++ +++ ++ +++ ++ ++ ++

+++: bacteriostatic zone diameter > 20 mm; ++: 15 mm < inhibition zone diameter < 20 mm.

resistant to ampicillin, ceftriaxone and cefotaxime and
erythromycin.  Antibiotic-
resistant bacteria are generally regarded as unsafe for use
as probiotics. Here, C177 was susceptible to most antibi-
otics. A previous study reported similar findings (Kuebu-
tornye et al. 2020).

moderately resistance to

Antimicrobial activity

Table 2 shows the antagonism of Streptococcus strain
C17" to eight common pathogenic bacteria. It was effec-
tive against S. aureus, Pseudomonas aeruginosa, Escherichia
coli, Streptococcus pneumoniae, P. vulgaris, S. pyogenes, A.
baumannii and K. pneumoniae.

Cytotoxicity assay

A key determinant of the probiotic efficacy of bacteria is
their ability to adhere to host epithelial cells. Thus, we
aimed to determine the toxic effects of probiotics on
epithelial cells. Figure 2 shows no significant changes in
cell viability when C17" was co-incubated with human
bronchial epithelial cells (16-HBE) at different MOI for
12 h. However, C17" had >100% viability after incuba-
tion for at MOI 0-2 for 24 h. Furthermore, it was not
cytotoxic to 16-HBE cells at MOI 2 or MOI 20. These
findings resembled the results reported by Jia er al
(2019).
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Figure 2 Effect of C17" on 16-HBE cell proliferation at multiplicities
of infection (MOI) = 0.2, 2, and 20. Means with different letters (a—f)
differ significantly (P < 0-05).

Streptococcus strain C17" adhesion to 16-HBE cells

Adhesion to host tissue is a crucial selection criterion for
candidate probiotics with their own specific functions
(Campana et al. 2017). Recent studies reported that the
microbiome of the lower airway resembles that of the
oropharynx (Cruz et al. 2014; Chang et al. 2015). It is dif-
ficult to evaluate adhesion in vivo. Hence, in vitro assays
using human cell lines are widely used (Gopal et al. 2001;
Garcia-Ruiz et al. 2014; Vasiee et al. 2019). Here, we
applied HBE cells to simulate respiratory epithelium
in vitro. C17" exhibited 43% adhesion to the 16-HBE
cells. A previous investigation used fluorescein isothio-
cyanate (FITC) labelling to evaluate the adhesion of the
oropharyngeal potential probiotics Lactobacillus plantarum
AR113, L. plantarum AR195, and L. salivarius AR809 to a
FaDu epithelial cell layer (Jia et al. 2019). Of these, L.
plantarum AR809 and L. salivarius AR113 were the most
(31-1%) and least (4-4%) adhesive strains, respectively.
Bacterial adhesion to host epithelial cell surfaces was char-
acterized by nonspecific physical binding followed by
specific adhesion of the cell wall components (Haddaji
et al. 2015). Scanning electron microscopy (SEM) revealed
that C17" adhered to the 16-HBE cells (Fig. 3). As a rule,
adhesion involves interactions among bacteria-related
molecular patterns such as surface layer proteins, peptido-
glycans and so on (Johnson-Henry et al. 2007; Van Tassell

53400 30-0kV 6-0mm x3.00k SE

Figure 3 Scanning electron microscopy (SEM) of adherence of Strep-
tococcus strain C17" to 16-HBE cells. Magnification: x3 000.
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and Miller 2011). Certain surface proteins enhance lactic
acid bacterial adhesion (Mufioz-Provencio et al. 2012;
Wilodarska et al. 2015). Bacterial cell wall adhesins also
participate in epithelial cell binding.

Anti-adhesion effects of Streptococcus strain C17" against
Staphylococcus aureus

Adhesion is a crucial stage in infection by pathogens
requiring hosts to colonize, grow and produce toxins
(Falah et al. 2019). A vital feature of probiotics is their
capacity to prevent pathogen adhesion and colonization
on host epithelial cells. Here, competition, exclusion and
displacement assays were used to estimate the inhibition
of S. aureus CGMCC10201 by C17". The anti-adhesion
properties of C17" are presented in Fig. 4. The competi-
tion assay demonstrated the ability of the probiotic to
compete against pathogenic bacteria for epithelial cell
adhesion receptors. A significant reduction in S. aureus
adhesion to 16-HBE cells was observed in the presence of
C17". The relative rate of adhesion of S. aureus to 16-
HBE cells was 81 = 2-2%. The exclusion experiment
showed that C17" strongly inhibited S. aureus adhesion to
16-HBE cells. The relative rate of adhesion of S. aureus to
16-HBE cells was reduced to 9:6 &= 0:5%. The displace-
ment test disclosed that C17" was significantly antagonis-
tic to S. aureus and lowered its adhesion to 16-HBE cells

relative adhesion(%)

Figure 4 Effects of Streptococcus strain C17" on the adhesion beha-
viour of Staphylococcus aureus to 16-HBE cells. Means with different
letters (a-b) are significantly different at P < 0-05.
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to 31 + 4-2%. An earlier report evaluated the ability of
the probiotic candidate strain Lactobacilli CCMA0743 to
inhibit host cell adhesion by the pathogens Salmonella
and E. coli (Fonseca et al. 2020). Probiotics may inhibit
pathogen adhesion to host cells via competition for nutri-
tion receptors,
aggregation, antimicrobial substances such as bacteriocins,
hydrogen peroxide, organic acids, polysaccharides, anti-
adhesion compounds, degradation of carbohydrate recep-
tors through secreted proteins or biosurfactants (Jayashree
et al. 2018). The competition assay showed greater inhibi-
tion of S. aureus by C17" than the exclusion or displace-
ment assays. Several studies showed that both probiotic
and pathogenic bacteria have similar surface adhesins and
may, therefore, compete for the same adhesion sites
(Chen et al. 2007; Gueimonde et al. 2007). Probiotics can
effectively displace pathogens adhering to epithelial cells
provided that the former are present at high concentra-
tions or have greater affinity for adhesion receptors than
the latter (Lee et al. 2000). Several factors may influence
the adhesion ability of both pathogens and probiotics.
These include buffer compositions, incubation times, nor-
mal intestinal microbiota and food matrices (Ouwehand
and Salminen 2009). Anti-adhesion properties
depend on the probiotic and pathogen strains and the
evaluation methods used (Jankowska et al. 2008; Zhang
et al. 2016; Falah et al. 2019).

and cell immunomodulation, co-

also

Conclusion

Streptococcus strain C17" survived in moderately acidic
conditions, was resistance to bile salts as well as catalase
and adapted well to adverse oropharyngeal conditions.
Moreover, it effectively inhibited the adhesion of the
pathogen S. aureus to HBE cells. Although this strain is
highly promising as a novel putative probiotic for the reg-
ulation of oral health, further in vitro and in vivo testing
on it is required. Concurrently, we expect the strain to be
used in the production of probiotic foods such as powder
and chewing gum.

Materials and methods

Bacterial strains and culture conditions

Bacterial samples were collected with pharyngeal swabs.
C17" was obtained from the oropharynx mucosa of a
healthy five-year-old child. S. awureus CGMCC10201, P.
aeruginosa CGMCC10104, E. coli CGMCC10003, K. preu-
moniae CGMCC31001, P. vulgaris CGMCCI1.1651, E. cloa-
cae 1.8726, A. baumannii CGMCC1.10395 and S. pyogenes
CGMCC98001 were procured from the China Industrial
Strain Preservation Center (Shang hai).
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Streptococcus strain C17" was grown in brain heart
infusion (BHI; HyClone Laboratories, Logan, UT, USA)
broth at 37°C for 24 h and stored at —40°C until further
use. Pathogenic bacteria used in the adhesion inhibition
assay were cultured in BHI broth for 6-8 h.

Isolation and identification of the strain

Using the culturomics approach, the novel Streptococcus
strain C17" was isolated from the oropharyngeal mucosa of
a healthy 5-year-old child in Shenyang, China. The strain
was an inactive, aerobic and catalase-negative Gram-positive
coccus. A 16srRNA gene sequencing analysis indicated that
this bacterium was a new member of the genus Streptococcus
and showed 99-8% similarity with the newly identified S.
pseudopneumoniae ATCC BAA-960T. The dDDH between
C17" and its closest strain was 52-9%. The average nucleo-
tide homology (ANI) between C17" and its related Strepto-
coccus strains was in the range of 82-21-93-40%. Hence,
C17" was unique among all streptococci named Streptococcus
symcisp. nov. (=GDMCC 1.1633 = JCM 33582). The 16S
rRNA sequence of C17" was deposited in GenBank under
accession no. MN068913.1 (Qi et al. 2021).

Resistance to acid and bile salts

The pH tolerance assay was slightly modified from the
method reported by Jia et al. (2019). Overnight C17" cul-
tures with density = 10° CFU ml™" were either inoculated
into BHI broth at 3% (v/v) and adjusted to 2-0, 3-0, 4-0
and 5-0 with 1 M HCI or inoculated into BHI broth con-
taining 0-5% (w/v) and 1% (w/v) bile. Uninoculated BHI
broth (pH 7-0) served as the control. The bacteria were
incubated at 37°C for 24 h. Absorbance was spectropho-
tometrically (UV-6800,5%, Lichen Technology Co., LTD,
China) measured at 600 nm every 2 h.

Resistance to lysozyme and H,0,

The effects of lysozyme and H,O, were determined by spec-
trophotometry as previously described (Jia et al. 2019), with
minor modifications. Overnight C17" cultures correspond-
ing to a density of 10° CFU ml™ were inoculated into BHI
broth at 3% (v/v) and incubated at 37°C. Then C17" was
subjected to lysozyme (100 pg ml™" and 200 pg ml™) or
hydrogen peroxide (H,O 0-08 mM and 0-8 mM) for 24 h
and absorbance was spectrophotometrically measured at
600 nm every 2 h. BHI broth alone was the control.

Antibiotic susceptibility testing

The antibiotic susceptibility of C17" was determined by
disc  diffusion assays according to the 2018

Streptococcus strain C17" as a potential probiotic candidate

recommendations of the Clinical Laboratory Standards
Institute (Qi er al. 2021). Colonies were selected and cul-
tured for 24 h on agar plates containing 5% (w/v) defibri-
nated sheep blood and suspended in 5 ml sterile normal
saline solution with turbidity = 0-5 McFarland. The bac-
terial fluid was applied to M-H medium with sterile cot-
ton swabs. The antibiotics tested were chloramphenicol
(30 pg), cefepime (30 pg), vancomycin (30 pg), ceftriax-
one (30 pg), ampicillin (10 pg), clindamycin (2 pg), ery-
thromycin (15 pg), cefotaxime (30 pg) and linezolid
(30 pg). All assays were performed in triplicate.

Antimicrobial activity

C17" was cultured on 5% (w/v) defibrinated sheep blood
plate for 24 h. Monoclonal colonies were inoculated into
BHI liquid medium and cultured at 37°C and 180 rpm for
24h. The final concentration was adjusted to
1 x 10° CFU ml™". The indicator strains were incubated to
the log phase and their concentration was adjusted to
1 x 10° CFU ml™". The Oxford cup method (Bhola and
Bhadekar 2019) was used to observe the inhibition of C17"
on the indicator strains. One hundred microlitres indicator
bacteria suspension was applied to each agar plate with ster-
ile cotton swabs. Four Oxford cups were placed at equal dis-
tances on the agar plates with sterile tweezers. Then 200 pl
fermentation liquid from each antagonistic strain was placed
in two holes, and equal amounts of BHI medium were added
to the other two holes as a control. The culture plate was
then kept in a 37°C incubator for 18 h. There were three
replicate plates per indicator strain.

Cell culture assays

The 16-HBE cell line was procured from the laboratory of
Shenyang Medical College, Liaoning Province, China. The
cells were cultured and maintained in Endothelial Cell
Medium (ECM; HyClone) containing 5% (v/v) foetal
bovine serum, 1% (w/v) penicillin/streptomycin (P/S)
solution, and 1% (w/v) endothelial cell growth supple-
ment (ECGs) at 37°C under a 5% CO2 atmosphere. The
16-HBE cells were then lifted from a 25-cm? culture bot-
tle containing 0-25% (v/v) trypsin-EDTA solution
(Sigma-Aldrich Corp., St. Louis, MO, USA) at 37°C for
13 min and collected by centrifugation (4 000 g, 4°C,
1 min). The 16-HBE cells were subcultured in a six-well
tissue culture plate at a density of 8 x 10%/well and grown
at 37°C with under 5% CO, for 3 days until confluence.

Cytotoxicity assay

The cytotoxicity of C17" to 16-HBE was determined by
the colourimetric assay with 3-(4,5-dimethylthiazol-2
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-yl)-2,5-diphenyltetrazolium bromide (MTT) (Jia ef al.
2019). The 16-HBE cells were prepared in a 96-well tis-
sue culture plate at a density of 8 x 10%/well until con-
fluence. Then C177 was added at MOI (bacteria: HBE
cell) = 0-2:1, 2:1, and 20:1 before co-incubation at 37°C
under 5% CO, for 24 h. Then 10 pl MTT (5 mg ml™)
was added to each well, and the suspensions were incu-
bated at 37°C under 5% CO, for 4 h. Then 150 pl
dimethyl sulfoxide (DMSO) was added to each well and
the formazan crystal product was completely dissolved
by shaking for 10 min. The absorbance (A) of each well
was measured in a microplate reader (TECAN Infini-
te200PRO, Beijing Long yue Biological Technology
Development Co. LTD, USA) at 570 nm. Cell viability
was calculated as follows:

Cell viability (%) = (Asimpte/Acontrol) X 100 (1)

where Agmple is the absorbance of the 16-HBE cells co-
incubated with C177 and A.ouwo is the absorbance of
C177 alone.

Adhesion assay

The 16-HBE cells were prepared in a six-well tissue cul-
ture plate at a density of 8 x 10%/well. The cells were
inoculated at 37°C and under 5% CO, until confluence.
One millilitre bacterial suspension (10® CFU ml™") was
added to a confluent 16-HBE monolayer and incubated
at 37°C and under 5% CO, for 2 h (Chen et al. 2018).
The unbound bacteria were gently removed with
phosphate-buffered saline (PBS; pH 7-4). The remaining
bacteria and 16-HBE cells detached with 0-25% (v/v)
trypsin-EDTA solution at 37°C for 13 min, diluted with
sterile PBS and coated on a 5% (w/v) defibrinated sheep
blood plate for enumeration(Singh et al. 2017). c17"
adhesion was calculated as follows:

Adhesion (%) = [(Adhered bacteria/initial bacteria))
%100 (Falah et_al.2019) (2)

Scanning electron microscopy

After the adhesion of C17" to the 16-HBE cell monolayer
was assessed, the latter were cultured on sterile glass cov-
erslips in a six-well tissue plate for 7 days. After 2 h incu-
bation, the 16-HBE monolayers were washed thrice with
PBS (pH 7-4) and fixed with 2:5% (w/v) glutaraldehyde
at 25°C for 2 h. Post-fixation was performed with 2%
(w/v) osmium tetraoxide at 4°C overnight followed by
rinsing thrice with PBS, dehydration in a graded ethanol
concentrations series (50, 70, 80, 90, 95 and 100% etha-
nol) and subjected to SEM(LEO, Germany, model VP
1450,20 ~ 20 000).

W. X. Zhang et al.

Anti-adhesion activity of C17" against Staphylococcus
aureus

Three different assays (competition, exclusion and dis-
placement) were used to evaluate the ability of C17" to
inhibit S. aureus adhesion. For the competition assay,
1 ml each C17" (1 x 10° CFU ml™") and S. aureus sus-
pension (1 x 10° CFU mI™") were co-incubated with a
16-HBE monolayer at 37°C under 5% CO, for 2 h. For
the exclusion assay, a 16-HBE monolayer was preincu-
bated with 1 ml C17" suspension (1 x 10° CFU ml™") for
1 h, and the unbound bacteria were washed thrice with
PBS (pH 7-4). Then 1 ml S. aureus (1 X 10° CFU ml™)
was added, and the suspension was incubated for 1 h.
The displacement assay was performed in the same man-
ner as the aforementioned adherence exclusion assay. S.
aureus (1 x 10° CFU ml™!) was added to a 16-HBE
monolayer and incubated for 1 h. Unbound bacteria were
removed and C17" (1 x 10° CFU ml™") was added, and
the suspension was incubated for 1 h. Separate S. aureus
cultures served as the control.

For all the foregoing experiments, the unbound bacteria
were removed with sterile PBS and subjected to 0-25%
(v/v) trypsin-EDTA solution for 13 min to detach the 16-
HBE cells. Serial dilutions were then plated onto blood
agar to enumerate the S. aureus (Piwat et al. 2015; Singh
et al. 2017).

Statistical analysis

All experiments were conducted independently at least in
triplicate. Data were presented as mean + standard devia-
tion (SD). Data were analysed by one-way ANOVA, and
Duncan’s test was used to compare the overall differences
(P < 0-05).

Acknowledgements

The authors thank the Shen Yang Science and Technology
Bureau for funding this project.

Conflict of Interest

Not required.

Author contributions

CX: Conceptualization (lead); WZ: Resources (lead); Data
Curation (lead); Formal Analysis (lead); Writing — origi-
nal draft (lead); Writing — review and editing (lead); BY:
Methodology (equal); Formal Analysis (equal); Writing —
original draft (equal); XB: Methodology (equal); Formal

906 Letters in Applied Microbiclogy 74, 901-908 © 2022 The Society for Applied Microbiology



W. X. Zhang et al.

Analysis (equal); Writing — original draft (equal); NW:
Methodology (equal); Resources (equal); Data Curation
(equal); HT: Methodology (equal); Validation (equal);
Writing — original draft (equal). All authors read and
approved the final manuscript.

References

Bhola, J. and Bhadekar, R. (2019) Invitro synergistic activity of
lactic acid bacteria against multi-drug resistant
staphylococci. BMC Complement Altern Med 19, 70.

Bidossi, A., De Grandi, R., Toscano, M., Bottagisio, M., De
Vecchi, E., Gelardi, M. and Drago, L.J. (2018) Probiotics
Streptococcus salivarius 24SMB and Streptococcus oralis 89a
interfere with biofilm formation of pathogens of the upper
respiratory tract. BMC Infect Dis 18, 653.

Bustamante, M., Oomah, B.D., Oliveira, W.P., Burgos-Diaz, C.,
Rubilar, M. and Shene, C. (2020) Probiotics and prebiotics
potential for the care of skin, female urogenital tract, and
respiratory tract. Folia Microbiol (Praha) 65, 245-264.

Campana, R., van Hemert, S. and Baffone, W. (2017) Strain-
specific probiotic properties of lactic acid bacteria and
their interference with human intestinal pathogens
invasion. Gut Pathog 9, 12.

Chang, A.B., Smith-Vaughan, H., Sloots, T.P., Valery, P.C,
Whiley, D., Beissbarth, J. and Torzillo, P.J. (2015) Upper
airway viruses and bacteria detection in clinical
pneumonia in a population with high nasal colonisation
do not relate to clinical signs. Preumonia 6, 48-56.

Chen, S., Chen, L., Chen, L., Ren, X,, Ge, H,, Li, B.,, Ma, G,
Ke, X. et al. (2018) Potential probiotic characterization of
Lactobacillus reuteri from traditional Chinese highland
barley wine and application for room-temperature-storage
drinkable yogurt. J Dairy Sci 101, 5780-5788.

Chen, X., Xu, J., Shuai, J., Chen, J., Zhang, Z. and Fang, W.
(2007) The S-layer proteins of Lactobacillus crispatus strain
Z]001 is responsible for competitive exclusion against
Escherichia coli O157:H7 and Salmonella typhimurium. Int
J Food Microbiol 115, 307-312.

Cruz, A.M.]., Sarmento, S., Almeida, S.M., Silva, A.V., Alves,
C., Freitas, M.C. and Wolterbeek, H. (2014) Association
between atmospheric pollutants and hospital admissions in
Lisbon. Enviren Sci Pollut Res 22, 5500-5510.

Falah, F., Vasiee, A., Behbahani, B.A., Yazdi, E.T., Moradi, S.,
Mortazavi, S.A. and Roshanak, S.-J. (2019) Evaluation of
adherence and anti-infective properties of probiotic
Lactobacillus fermentum strain 4-17 against Escherichia coli
causing urinary tract infection in humans. Microb Pathogen
131, 246-253.

Fan, X., Peters, B.A,, Jacobs, E.J., Gapstur, S.M., Purdue, M.P.,
Freedman, N.D., Alekseyenko, A.V., W, J. et al. (2018)
Drinking alcohol is associated with variation in the human
oral microbiome in a large study of American adults.
Microbiome 6, 59.

Streptococcus strain C17" as a potential probiotic candidate

Fonseca, H.C., de Sousa, D.M., Ramos, C.L., Dias, D.R. and
Schwan, R.F. (2020) Probiotic properties of lactobacilli
and their ability to inhibit the adhesion of
enteropathogenic bacteria to Caco-2 and HT-29 cells.
Probiot Antimicrob Prot 13, 102-112.

Garcia-Ruiz, A., Gonzalez de Llano, D., Esteban-Ferndndez, A.,
Requena, T., Bartolomé, B. and Moreno-Arribas, T. (2014)
Assessment of probiotic properties in lactic acid bacteria
isolated from wine. Food Microbiol 44, 220-225.

Gopal, P.K., Prasad, J., Smart, J. and Gill, H.S. (2001) In vitro
adherence properties of Lactobacillus rhamnosus DR20 and
Bifidobacterium lactis DR10 strains and their antagonistic
activity against an enterotoxigenic Escherichia coli. Int |
Food Microbiol 67, 207-216.

Gueimonde, M., Margolles, A., G. de los Reyes-Gavildn, C. and
Salminen, S. (2007) Competitive exclusion of
enteropathogens from human intestinal mucus by
Bifidobacterium strains with acquired resistance to bile-a
preliminary study. Int ] Food Microbiol 113, 228-232.

Haddaji, N., Mahdhi, A.K,, Krifi, B, Ben Ismail, M. and
Bakhrouf, A. (2015) Change in cell surface properties of
Lactobacillus casei under heat shock treatment. FEMS
Microbiol Lett 362, fnv047.

Jiger, R., Mohr, AE., Carpenter, K.C, Kerksick, CM.,
Purpura, M., Moussa, A., Townsend, J.R., Lamprecht, M.
et al. (2019) International Society of Sports Nutrition
Position Stand: probiotics. J Int Soc Sport Nutr 16, 62.

Jankowska, A., Laubitz, D., Antushevich, H., Zabielski, R. and
Grzesiuk, E. (2008) Competition of Lactobacillus paracasei
with Salmonella enterica for adhesion to Caco-2 cells. |
Biomed Biotechnol 2008, 1-6.

Jayashree, S., Karthikeyan, R., Nithyalakshmi, S., Ranjani, J.,
Gunasekaran, P. and Rajendhran, J. (2018) Anti-adhesion
property of the potential probiotic strain Lactobacillus
fermentum 8711 against methicillin-resistant Staphylococcus
aureus (MRSA). Front Microbiol 9, 411.

Jia, G.C,, Che, N., Xia, Y.J,, Lai, P.-H., Xiong, Z.Q., Wang,
G.Q., Zhang, H. and Ai, L.Z. (2019) Adhesion to
pharyngeal epithelium and modulation of immune
response: Lactobacillus salivarius AR809, a potential
probiotic strain isolated from the human oral cavity. |
Dairy Sci 102, 6738-6749.

Johnson-Henry, K.C, Hagen, KE., Gordonpour, M.,
Tompkins, T.A. and Sherman, P.M. (2007) Surface-layer
protein extracts from Lactobacillus helveticus inhibit
enterohaemorrhagic Escherichia coli O157:H7 adhesion to
epithelial cells. Cell Microbiol 9, 356-367.

Keijser, B.J.F., van den Broek, T.J., Slot, D.E., van Twillert, L.,
Kool, J., Thabuis, C., Ossendrijver, M., van der Weijden,
F.A. et al. (2018) The impact of maltitol-sweetened
chewing gum on the dental plaque biofilm microbiota
composition. Front Microbiol 9, 381.

Kuebutornye, F.K.A,, Lu, Y., Abarike, E.D., Wang, Z, Li, Y.
and Sakyi, M.E. (2020) In vitro assessment of the probiotic
characteristics of three Bacillus species from the gut of Nile

Letters in Applied Microbiology 74, 901-908 © 2022 The Society for Applied Microbiology 907

e

%9



Streptococcus strain C17" as a potential probiotic candidate

tilapia, Oreochromis niloticus. ] Probiot Antimicrob Prot 12,
412-424.

Lamont, R.J., Koo, H. and Hajishengallis, G. (2018) The oral
microbiota: dynamic communities and host interactions.
Nat Rev Microbiol 16, 745-759.

Lee, Y.K,, Lim, C.Y,, Teng, W.L., Ouwehand, A.C., Tuomola,
EM. and Salminen, S. (2000) Quantitative approach in the
study of adhesion of lactic acid bacteria to intestinal cells
and their competition with enterobacteria. Appl Environ
Microbiol 66, 3692-3697.

Lépez-Lopez, A., Camelo-Castillo, A., Ferrer, M.D., Simon-
Soro, A. and Mira, A. (2017) Health-associated niche
inhabitants as oral probiotics: the case of Streptococcus
dentisani. Front Microbiol 8, 379.

Lu, G, Xu, T., Huang, G, Jiang, S., Gu, Y. and Chen, F.
(2018) Oral microbiomes: more and more importance in
oral cavity and whole body. Prot Cell 9, 488-500.

Man, W.H., de Steenhuijsen Piters, W.A. and Bogaert, D.]J.
(2017) The microbiota of the respiratory tract: gatekeeper
to respiratory health. Nat Rev Microbiol 15, 259-270.

Monteagudo-Mera, A., Rastall, R.A., Gibson,
Charalampopoulos, D. and Chatzifragkou, A.J. (2019)
Adhesion mechanisms mediated by probiotics and

G.R.,

prebiotics and their potential impact on human health.
Appl Microbiol Biotechnol 103, 6463—6472.

Munoz-Provencio, D., Rodriguez-Diaz, J., Collado, M.C.,
Langella, P., Bermiidez-Humarin, L.G. and Monedero, V.
(2012) Functional analysis of the Lactobacillus casei BL23
sortases. Appl Environ Microbiol 78, 8684-8693.

Nagpal, R, Wang, S., Ahmadi, S., Hayes, J., Gagliano, J.,
Subashchandrabose, S., Kitzman, D.W., Becton, T. et al.
(2018) Human-origin probiotic cocktail increases short-
chain fatty acid production via modulation of mice and
human gut microbiome. Sci Rep 8, 12649.

Nazir, Y., Hussain, S.A., Hamid, A.A. and Song, Y.J. (2018)
Probiotics and their potential preventive and therapeutic
role for cancer, high serum cholesterol, and allergic and
HIV diseases. BioMed Res Int 2018, 3428437.

Ouwehand, A.C. and Salminen, S. (2009) In vitro adhesion
assays for probiotics and theirin vivorelevance: a review.
Microb Ecol Heal Dis 15, 175-184.

908

W. X. Zhang et al.

Piwat, S., Sophatha, B. (2015) An
assessment of adhesion, aggregation and surface charges of

and Teanpaisan, R.

Lactobacillus strains derived from the human oral cavity.
Lett Appl Microbiol 61, 98-105.

Qi, H., Liu, D., Zou, Y., Wang, N., Tian, H. and Xiao, C.
(2021) Description and genomic characterization of
Streptococcus symci sp. nov., isolated from a child’s
oropharynx. Antonie Van Leeuwenhoek 114, 113-127.

Schenck, L.P., Surette, M.G. and Bowdish, D.M.E. (2016)
Composition and immunological significance of the upper
respiratory tract microbiota. FEBS Lett 590, 3705-3720.

Sidjabat, H.E., Hakansson, E.G. and Cervin, A.]J. (2016) Draft
genome sequence of the oral commensal Streptococcus
oralis 89a with interference activity against respiratory
pathogens. Genome Announc 4, e01546-e1615.

Singh, T.P.,, Kaur, G., Kapila, S. and Malik, RK]. (2017)
Lactobacillus reuteri antagonistic activity of strains on the
adhesion characteristics of selected pathogens. Front
Microbiol 8, 486.

Van Tassell, M.L. and Miller, M.J. (2011) Lactobacillus
adhesion to mucus. Nutrients 3, 613-636.
Vasiee, A., Mortazavi, S.A., Sankian, M., Yazdi, FET,

Mahmoudi, M. and Shahidi, F. (2019) Antagonistic
activity of recombinant Lactococcus lactis NZ1330 on the
adhesion properties of Escherichia coli causing urinary tract
infection. Microb Pathog 133, 103547.

Wescombe, P.A., Heng, N.C,, Burton, J.P., Chilcott, C.N. and
Tagg, J.R.J. (2009) Streptococcal bacteriocins and the case
for Streptococcus salivarius as model oral probiotics. Future
Microbiol 4, 819-835.

Wlodarska, M., Kostic, A.D. and Xavier, RJ. (2015) An
integrative view of microbiome-host interactions in
inﬂammatory bowel diseases. Cell Host Microbe 17, 577—
591.

Zhang, Z., Tao, X, Shah, NP. and Wei, H. (2016)

Antagonistics against pathogenic Bacillus cereus in milk

fermentation by Lactobacillus plantarum ZDY2013 and its

anti-adhesion effect on Caco-2 cells against pathogens. ]

Dairy Sci 99, 2666-2674.

Letters in Applied Microbiclogy 74, 901-908 © 2022 The Society for Applied Microbiology

%10 W



