Received: 1 April 2019 | Revised: 4 September 2019

Accepted: 6 September 2019

DOI: 10.1002/mbo3.940

ORIGINAL ARTICLE

MicrobiologyO
icrobiologyOpen  WILEY

Screening of antagonistic strains of respiratory origin and
analysis of their bacteriostatic effects on pathogens

Xinming Li | BiaoYang | YeSun | ShuyinlLi | Defengliu | YangZou |

Chunling Xiao

Key Lab of Environmental Pollution
and Microecology of Liaoning
Province, Shenyang Medical College,
Shenyang, China

Correspondence

Chunling Xiao, Key Lab of Environmental
Pollution and Microecology of Liaoning
Province, Shenyang Medical College, No.
146, North Huanghe Street, Yuhong District,
Shenyang, Liaoning province, 110034,
China.

Email: xiaochunling180202@163.com

Funding information

Research Foundation of Shenyang Medical
College, Grant/Award Number: 20183051;
Research Foundation of Shenyang Science
and Technology Bureau, Grant/Award
Number: 18-400-4-09; Liaoning Province
Natural Science Foundation of China, Grant/
Award Number: 20180551234

1 | INTRODUCTION

A recent report states that mortality associated with respiratory

tract infections (RTIs) is the fifth-leading cause of death overall

Abstract

Objective: To find antagonistic strains in the respiratory tract having bacteriostatic
properties against common pathogens.

Methods: The oropharyngeal microbiota of five healthy children aged 4-6 years were
collected and a-hemolytic bacteria screened on 15% sheep blood agar. Bacteriostatic
effects of the isolated a-hemolytic bacteria on Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and Streptococcus pyogenes were evaluated by the
Oxford cup method. Antagonistic strains were identified by mass spectrometry, and
thel16S rDNAs were sequenced, and their best bacteriostatic concentrations and
antagonistic spectra for Klebsiella pneumoniae, Proteus vulgaris, Enterobacter cloacae,
Acinetobacter Baumanii, Staphylococcus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, and Streptococcus pyogenes were evaluated.

Results: Of 300 isolated a-hemolytic bacterial clones, four exhibited bacteriostatic
activity against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and
Streptococcus pyogenes. Mass spectrometric analyses revealed that two of them were
Streptococcus mitis and two others were Streptococcus parasanguinis strains. Further
tests showed that all 4 antagonistic strains also had bacteriostatic effects on Klebsiella
pneumoniae, Proteus vulgaris, Enterobacter cloacae, and Acinetobacter Baumanii, and
the mode of action was not mediated by lactic acid production.

Conclusion: Four antagonistic Streptococcus strains derived from oropharyngeal mi-
crobiotas showed bacteriostatic effects on pathogens and may be involved in phar-

yngeal microbiome homeostasis.
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("Global, regional, and national age-sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990-2013: a system-
atic analysis for the Global Burden of Disease Study 2013," 2015).

In children less than 5 years old, the health effects are serious since
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nearly 1 million of these children died from RTls in 2015 (Gao, Kang,
Yu, & Ren, 2014; Lelieveld, Haines, & Pozzer, 2018). There are many
causes of RTIS, mainly indoor and outdoor environmental pollution
(Korzeniewski, Nitsch-Osuch, Chciatowski, & Korsak, 2013; Kovesi
et al., 2006), and RTIs are often accompanied by improper use of
antibiotics (Schroeck et al., 2015). In previous studies, it has been
reported that the pharyngeal microbiome may have a protective
function for RTls. Microbial succession in the respiratory tract is
determined in infancy and is linked to microbiota stability and re-
spiratory health characteristics (Biesbroek et al., 2014; Bosch et
al., 2017; Gao et al., 2014). According to the Food and Agriculture
Organization of the United Nations and the WHO, probiotics are live
microorganisms which, when administered in adequate amounts,
confer a health benefit on the host (Hill et al., 2014), with the focus
being mainly on the gut bacterial composition (Carolina Maldonado,
Ivanna Novotny, Esteban, Alejandra de Moreno de, & Gabriela,
2015; Didari, Mozaffari, Nikfar, & Abdollahi, 2015; Martinez, Bedani,
& Saad, 2015; Quigley & Shanahan, 2014). However, a role for pro-
biotics in reducing nasal colonization by multidrug-resistant bacte-
ria (Warrack, Panjikar, Duster, & Safdar, 2014) and respiratory tract
infections (Gao et al., 2014) has been proposed. For symbiotic mi-
crobiota of the upper respiratory tract, research has mainly focused
on antagonistic strains against Streptococcus pyogenes (S. pyogenes)
(Humphreys & McBain, 2019) (Guglielmetti et al., 2010), but also
on Streptococcus pneumoniae (S. pneumoniae) (Roos, Hakansson, &
Holm, 2001) and Staphylococcus aureus (S. aureus) (Popova et al.,
2012).

In the present study, we analyzed the oropharyngeal microbiota
in order to find probiotic strains that can antagonize pathogenic bac-
teria in healthy children.

2 | MATERIALS AND METHODS

2.1 | Pathogenic bacterial strains

The bacterial strains S. aureus (CICC 10201, China), Escherichia coli
(E. coli) (CICC 10003, China), and Pseudomonas aeruginosa (P. aer-
uginosa) (CICC 20152, China) were purchased from the China
Center of Industrial Culture Collection (CICC) and Klebsiella pneu-
monia (K. pneumonia) CGMCC 1.0839, Proteus vulgaris (P. vulgaris)
CGMCC 1.1651, Enterobacter cloacae (E. cloacae) CGMCC 1.8726,
and Acinetobacter Baumannii (A. Baumannii) CGMCC 1.10395 from
the China General Microbiological Culture Collection Center. S. pyo-

genes is a clinical isolate found in our hospital.

2.2 | Antagonistic bacterial strain collection

Bacterial microbiota taken from the posterior pharyngeal walls of
5 healthy children (4-6 years old, Shenyang area) were collected
at least 2 hr after meals using disposable sterile throat swab tubes
(Chuangxin Medical Instrument Factory). After collection, the throat
cotton swabs were placed in 1 ml of brain heart infusion (BHI) medium
(BHI, Hopebio, China). After the suspension was diluted 1,000-fold,

200 ul of bacterial solution was applied to a medium containing 15%
sheep blood agar (Hopebio, China) and cultured at 37°C for 24 hr.
Single colonies with green hemolytic rings were picked up with a
sterile inoculating loop, streaked on 15% sheep blood agar medium,
and cultured in an incubator at 37°C for 24 hr. As negative controls,
swabs without throat contact but otherwise using the same protocol
were used.

2.3 | Screening of antagonistic bacterial strains for
bacteriostatic effects on pathogenic bacteria

2.3.1 | Primary screening

Single a-hemolytic strains were isolated (about 300 strains from 5
pharyngeal swabs were detected in the initial screen), streaked on
15% sheep blood agar medium, and incubated at 37°C overnight.
Then, a perforator (a sterile 1,000 pl pipette tip, Eppendorf) was
used to perforate the cultured plate in order to obtain a bacterial
cake with a diameter of about 8 mm. Then, the cakes were placed in
nutrient agar medium coated with 200 pl of S. aureus (1 x 10° cfu/
ml) and cultured at 37°C for 24 hr to look for any S. aureus growth

retardation.

2.3.2 | Secondary screening

Colonies of the antagonistic strains were selected with a sterile in-
oculating loop, streaked onto 15% sheep blood agar medium plates,
and incubated at 37°C overnight. Then, colonies from the entire
plate were scraped off and dissolved in 800 ul of BHI medium after
which 200 pl of bacterial suspensions (1-2 x 10*%/ml) was placed in
Oxford cups on a nutrient agar medium coated with 100 ul of patho-
genic bacteria solutions (5-6 x 10° cfu/ml) and cultured at 37°C for
24 hr to look for any bacteriostatic effects (Qian & Huang, 2000).

2.3.3 | Screening for antagonistic/pathogen
bactericidal ratios

One hundred microliter of a pathogen stock solution (5-6 x 10° cfu/
ml) was mixed with 100 ul of an antagonistic strain stock solution
(1-2 x 10'°/ml) or 10, 100 and 1,000 fold dilutions, and streaked on
a 15% sheep blood agar plate. a-hemolytic antagonistic and -hemo-
lytic pathogenic bacterial strains were then counted after 24 hr in-
cubation at 37°C.

2.4 | Identification of antagonistic strains

Antagonistic strains were identified using mass spectrometry
(MALDITOF MS, Vitek MS, BioMérieux, France) according to the
manufacturer's instruction. 16S rDNA sequencing was performed
with a bacterial 16S rDNA PCR Kit fast (800) (Takara, Japan) ac-
cording to the manufacturer's protocol. Briefly, the colonies were
selected and dissolved in 50 pl of sterile distilled water. After cen-
trifugation at 8,000x g for 5 min, the supernatant was discarded and
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the pellets were dissolved in 50 pl of sterile distilled water again.
After the subsequent addition of 50 ul 100 mM NaOH, the mixed
suspension was heated at 95°C for 15 min. After adding 11 pl 1M
Tris-HCI (pH 7.0) and mixing, the suspension was centrifuged again
and 2 pl supernatant was used for the PCR amplification of the bac-
terial 16S rDNA region, which consisted of 25 cycles at 94°C for 5 s,
55°C for 1 s and 68°C for 4 s in a ready to mix solution according to
the manufacturer's instructions. After aliquots of the PCR products
were analyzed with a 2% agarose gel (=0.8 Kb), with a positive con-
trol (E. coli DNA) and a negative control without DNA, 100 ng DNA
was sequenced with the sequencing primer 10F supplied with the kit
(Sangon Biotech (Shanghai) Co., Ltd).

3 | RESULTS

First, the 300 a-hemolytic bacterial colonies, collected from the ini-
tial screening on 15% sheep blood agar medium plates, were used
for secondary screening using the Oxford cup method. As a result,
36 strains with growth inhibition effects on S. aureus were selected.
Next, we used the Oxford cup method to determine the intensity of
S. aureus growth inhibition of the 36 antagonistic strains. As a result,
seven strains were selected, which produced S. aureus growth inhibi-
tion rings on the agar of >10 mm (Table 1).

Next, the growth inhibition of the seven screened antagonistic
throat bacterial strains on S. aureus, E. coli, P. aeruginosa, and S. pyo-
genes was tested with the Oxford cup method, which led to the
identification of four strains effective against the growth of the four
pathogens (Figure 1).

MALDITOF MS and 16S rDNA analyses identified strain number
1asS. parasanguinis with the closest 16SrDNA match to S. mitis NCTC
12,261 (pairwise similarity of 96.8%) further named S. parasanguinis
I; strain number 2 as S. mitis with a pairwise 16S rDNA similarity of
99.21% to NCTC 12,261 (further named S. mitis I); strain number 4
as S. mitis with a pairwise 16S rDNA similarity of 96.42% to S. denti-
sani DSM 27,088 (further named S. mitis II); and strain number 7 as
S. parasanguinis with a pairwise 16S rDNA similarity of 96.99% to
NCTC 12,261 (further named S. parasanguinis ).

Determination of the optimum antibacterial concentration of
antagonistic strains against four common pathogens (S. aureus,
E. coli, P. aeruginosa, and S. pyogenes) revealed that antagonistic
stock solutions (100 ul 1-2 x 10%) had the most bactericidal activity
against the pathogenic bacteria (100 pl 5-6 x 10%), with decreasing

TABLE 1 Result of antibacterial diameter screening of 36
antagonistic respiratory probiotics derived from the first screening
against Staphylococcus aureus (only strains with an inhibitory zone
of >10 mm were selected)

Antagonistic
bacterial strain
number 1 2 3 4 5 6 7

Bacteriostasis 12 16 16 23 15 15 21
diameter (mm)
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efficacy when diluted 10 times (100 pl 1-2 x 108), 100 times (100 ul
1-2 x 107), and 1,000 times (100 pl 1-2 x 10°) (Table 2).

As evident in Table 3, all four antagonistic strains had bacte-
riostatic effects on the common pathogens S. aureus, P. aeruginosa,
E. coli, K. pneumonia, P. vulgaris, E. cloacae, A. baumannii, and S. pyo-
genes. In addition, bromcresol purple assays revealed that the mode
of action was not mediated by lactic acid production (Figure A1l in

Appendix).

4 | DISCUSSION

As result of screening in the present study, two S. mitis and two
S. parasanguinis strains, derived from the oropharyngeal microbiota
of five healthy children were isolated and showed antagonistic ef-
fects against S. aureus, P. aeruginosa, E. coli, K. pneumonia, P. vulgaris,
E. cloacae and A. baumannii, and S. pyogenes. It has been suggested
that in order to prevent respiratory tract infections microbiome ho-
meostasis with beneficial species abundance should be maintained
and that infections result from a disturbed balance between patho-
genic expansion and microbiome homeostasis (Faden et al., 1997;
Gao et al., 2014). Therefore, we suggest that the four antagonistic
Streptococcus strains might lead to a balance between pathogens
and probiotics in the respiratory tract, thereby preventing expan-

sion of the pathogens and concomitant respiratory infections. In

(c) (d)

FIGURE 1 Results of antibacterial Oxford cup analyses of
antagonistic strains initially screened only for S. aureus against
four common pathogenic bacteria. (a) Antagonistic activity against
S. aureus, (b) Antagonistic activity against E. coli, (c) Antagonistic
activity against P. aeruginosa, (d) Antagonistic activity against

S. pyogenes. (Top: strain number: 1, left: strain number 2, bottom:
strain number 4, right: strain number 7, middle: saline)
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TABLE 2 Quantitative determination of effective bacterial ratios of four antagonistic strains against Staphylococcus aureus, Escherichia
coli, and “+,-"indicates the resulting ratio of antagonistic strains to pathogens; ++++: 2100:1, +++: ~10:1, ++: ~1:1, +: ~1:10, +: <1:100,: none

S. parasan- S. parasanguinis  S. parasan- S. parasan-
guinis | S. mitis | S. mitis 11 1 guinis | S. mitis | S. mitis 1l guinis |l
S. aureus E. coli
x1 ++++ ++++ +4+++ ++++ ++++ ++++ ++++ +4++
x10 ++ ++ +4++ o+t ++ ++ +++ +++
x100 + + +/- + + + - +++
x1000 - - - +/- - - - +++
P. aeruginosa S. pyogenes
x1 4+t +H++ +++ 4+t +++ 4+t e+t +++
x10 ++ ++ +++ +++ ++ +++ ++ ++
x100 + + - + +/- + + +
x1000 + = = = = = = =
TABLE 3 Determination of bactericidal effects of the 4 derived antagonistic strains against common pathogens
Pathogens S. aureus P. aeruginosa E. coli K. pneumoniae P. vulgaris E. cloacae A. baumannii S. pyogenes
Antagonistic strains
S. parasanguinis | +++ ++ +++ ++ +++ ++ ++ ++
S. mitis | +++ ++ +++ ++ ++ ++ ++ +++
S. mitis |1 +4++ ++ +4++ ++ ++ ++ +++ ++
S. parasanguinis Il +++ ++ +++ ++ ++ +++ +++ ++
Note: +++, Bacteriostasis diameter 220 mm; ++, 15 mm < Bacteriostasis diameter <20 mm.
a previous study, administration of the Streptococcus salivarius ACKNOWLEDGMENTS
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APPENDIX

(a) 18 hour incubation 24 hour incubation 48 hour incubation

(b) 18 hour incubation 48 hour incubation

FIGURE A1 Test for detection of lactic acid production with agar containing 0.04 g/L Bromcresol Purple (Cat No. 36408, Millipore). (a)
Control agar plates without bacterial colonies at 18, 24 and 48 hr incubation. (b) S. parasanguinis I, S. mitis I, S. mitis Il, and S. parasanguinis I
after 18, 24, and 48 hr incubation. No lactic acid production took place
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