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Abstract

Background: The eradication of multidrug-resistant Helicobacter pylori has become a major problem for medical care.
Objectives: In this study, the probiotics supernatant against drug-resistant H. pylori has been investigated.
Methods: First, the antimicrobial susceptibilities of the six H. pylori isolated from patients were determined by E-test. Second, Lac-
tobacillus isolates with anti-H. pylori were activity isolated from healthy baby feces in order to inhibit the growth of H. pylori HP3.
Furthermore, physical and chemical properties of antimicrobial fraction S18 and the viability of Lactobacillus reuteri S18 were inves-
tigated in simulated gastric fluid and simulated intestinal fluid.
Results: Multidrug-resistant H. pylori HP3 isolates showing four typical antibiotic resistances were selected for further study in
which Lactobacillus isolates inhibited the growth of the H. pylori HP3 by producing lactate and acetic acid, and its anti-H. pylori activity
disappeared after the neutralization of pH. Lactobacillus reuteri S18 with an inhibitory value (~ 75%) were selected as a fighter against
H. pylori HP3. Antimicrobial fraction S18 from L. reuteri S18 is stable in pepsin and is inactivated by trypsin, lysozyme and protease K.
In the end, it was observed that the growth of H. pylori HP3 was completely suppressed by the antimicrobial fraction S18 at a working
time of 8 h. Moreover, the cell viability of L. reuteri S18 was decreased by 20.8% and 62.5% after treatment in simulated gastric fluid
and simulated intestinal fluid, respectively. Lactobacillus reuteri S18 can survive in the stomach (acidic environment) fighting for the
H. pylori HP3, which can be suppressed in the intestine subsequently.
Conclusions: Lactobacillus reuteri S18 holds the potential to be applied to medical care against multidrug-resistant H. pylori.
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1. Background

Helicobacter pylori is the most important pathogen in
chronic gastritis, peptic ulcers, and gastric cancer (1, 2).
When the H. pylori infection occurs, it develops toward per-
sistent chronic infection in both developed and develop-
ing countries (3). particularly, the prevalence was up to 80%
- 90% in developing countries (4, 5). Helicobacter pylori in-
fection with a high prevalence (approximately 50%) found
in the human stomach has become a serious and common
public health problem (6-8).

Historically, antibiotics combination has been used to
eradicate the infection. However, the success of eradica-
tion therapies has declined and the side-effects are obvious
in recent years, in part due to the development of drug-
resistant H. pylori strains (9) caused by antibiotic overuse

or misuse. Amoxicillin-resistant, clarithromycin-resistant
(10, 11), and metronidazole-resistant H. pylori have been
found in recent reports (12-14). Therefore, new safe and ef-
ficient therapies are urgently required.

Currently, probiotics cultures, one of the potential cur-
rent therapies, have become more popular than the tradi-
tional eradication methods on H. pylori infection therapies.
A large number of studies have demonstrated that sev-
eral probiotics strains (such as Lactobacillus and Bifidobac-
terium) showed anti-H. pylori activity in vitro and in vivo (15).
In addition, H. pylori eradication rates can be improved
by probiotics supplementation (16). The possible mecha-
nisms of anti-H. pylori activity of probiotics were shown as
follows: decrease in H. pylori urease activity and adhesion;
direct inhibition; secretion of lactic acid, bacteriocins, au-
tolysins and suppression of H. pylori-associated IL-8 pro-
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duction (17).

2. Objectives

In this study, we aimed to screen probiotics, such as
Lactobacillus isolates obtained from the healthy baby feces
and try to reveal the mechanism of probiotics supernatant
in H. pylori inhibition. Moreover, anti-H. pylori activity of
cell-free supernatants (CFS) from seven probiotics strains
against the multidrug-resistant H. pylori HP3 were evalu-
ated.

3. Methods

3.1. Isolation and Drug Susceptibility Testing of Clinical Heli-
cobacter pylori Strains

The tissues were collected from 17 positive male pa-
tients undergoing gastrointestinal endoscopy in Huang-
shan city People’s Hospital from December 2017 to Febru-
ary 2018. Helicobacter pylori infection was positive in 6
patients and H. pylori were isolated from corpus gastric
biopsies of male patients who had no history of eradi-
cation treatment. Helicobacter pylori isolates were culti-
vated in 10% urea agar medium and the color change was
observed following incubation 3 hours at 35°C under mi-
croaerophilic conditions. In order to obtain a pure cul-
ture, several small round colonies were selected and sub-
cultured. Helicobacter pylori were cultured on H. Pylori
Medium agar (bovine brain extract 4.0 g/L, beef heart ex-
tract 4.0 g/L, peptone 5.0 g/L, casein peptone 16.0 g/L, yeast
extract 2.5 g/L, sodium chloride 5.0 g/L, glucose 2.0 g/L, dis-
odium hydrogen phosphate 2.5 g/L, agar 13.5g/L) (Haibo
Biotech. Co., Ltd. China) supplemented with 10% horse
blood, 5% fetal calf serum, 5µg/L trimetoprime, 5µg/L am-
photericin B, and 10 µg/L vancomycin. The culture was
performed under microaerophilic conditions at 37°C. Six
H. pylori with a positive oxidase, catalase, and urease test-
ing were further identified by sequencing (Sangon tech,
Shanghai, China). The isolated strains were stored at -
80°C in 15% glycerol. According to the method of Ghor-
bani et al. (18), the isolated H. pylori strains were identi-
fied by PCR based on 16S rDNA sequences, with the primers
of Forward-TTTATGGAGAGTTTGATCCTGGCTC and Reverse-
AAGGAGGTGATCCAGCCGCAGGTTC.

Epsilometer test (E-test) was used to determine the
minimum inhibitory concentrations (MICs) of amoxicillin
(AMX), ciprofloxacin (CIP), clarithromycin (CLA), metron-
idazole (MTZ), tetracycline (TET), and Levofloxacin (LEV).
Columbia blood agar base (Hopebiol, China) was used as
culture media. The corresponding antibiotic was added

in the plate and incubated for 72 hours at 37°C under mi-
croaerophilic conditions. Strains were considered resis-
tant when the MIC was > 0.5 mg/L for amoxicillin, 1.0 mg/L
for ciprofloxacin, > 0.5 mg/L for clarithromycin, > 8 mg/L
for metronidazole, > 4.0 mg/L for tetracycline and > 1.0
mg/L for Levoflxacin according to the method of Shi et al.
(19).

3.2. Screening of Functional Probiotics Against Helicobacter py-
lori

The guardian of the healthy baby (stool donors) pro-
vided informed consent. Lactobacillus was isolated from
healthy baby feces according to the method of Oh et al.
(20) with minor changes. In brief, the healthy baby feces
samples (2 g) were weighed and homogenized for 2 min-
utes containing 50 mL of peptone water. The homogenized
samples were spread on the surface of MRS (de Man, Ro-
gosa and Sharpe) agar plates and incubated at 37°C for 72
hours. The pure cultures of the isolates were obtained by
selected and sub-cultured several times and preserved in
MRS broth containing 30% (v/v) glycerol at -80°C. Lactobacil-
lus isolates were further identified by sequencing (Sangon
tech, Shanghai, China).

Cell-free supernatant of the candidate probiotics was
concentrated to 3 mg/mL by an FD-1A-100 lyophilizer
(Shanghai, China). Anti-H. pylori activity of the Lactobacillus
isolates cell-free supernatant was tested by the detection
of the changes in absorbance using a UV-VIS spectropho-
tometer (Lab-Tech, China). Inhibition rate (%) = (A0 - A1) / A0

× 100%, where A0 is the initial absorbance without treat-
ment, A1 is the initial absorbance treated with cell-free su-
pernatant of the probiotics for 30 minutes. The spot-on-
lawn method. Five µL of L. candidates’ overnight culture
(1 × 107 CFU/mL) was spotted on the surface of MRS agar
plates and incubated overnight at 37°C. Next, H. pylori iso-
lates from overnight culture (1 × 107 CFU/mL) were added
into the 0.7% soft agar (contained 1:1 mixture of BHI and
MRS). The mixture was overlaid on the MRS agar plate con-
taining the spots of L. candidates. The zone free of bacterial
growth observed around the spots was measured in mil-
limeters.

3.3. Production and Purification of an Antimicrobial Fraction

The cell-free supernatant of Lactobacillus S18 was puri-
fied by (NH4)2SO4 precipitation and ultrafiltration, succes-
sively. The pure fractions were firstly separated by prepara-
tive high-performance liquid chromatography (Shimadzu,
Japan) with a reversed-phase (RP) column. The mobile
phases consisted of 0.2% TFA in water as fluid phase A and
100% acetonitrile as fluid phase B. The flow rate was 1.0
mL/min and the absorbance was recorded at 215 nm. Frac-
tions were collected and tested for antimicrobial activity.

2 Jundishapur J Microbiol. 2019; 12(9):e91797.

http://jjmicrobiol.com


Lv C et al.

The active fraction was concentrated and lyophilized. An-
timicrobial activity of fraction S18 was expressed as AU/mL.
One AU was defined as the reciprocal of the highest dilu-
tion showing a clear zone of H. Pylori HP3 growth inhibition
according to the report (21).

3.4. Effect of Enzymes on Antimicrobial Fraction Activity

Lactobacillus strains were grown in MRS broth at 30°C
for 24 hours, the cells were harvested by centrifugation
(5000 rpm, 20 minutes, 4°C), and the pH-neutralized su-
pernatants was adjusted to pH = 7.0 with 2.0 mol/L NaOH.
Enzymes were purchased from Sigma (China). According
to the method of Ivanova et al. (22), cell-free pH-neutralized
supernatant (1 mL) was incubated for one hour in the pres-
ence of 0.5 mg/mL of proteinase K, pepsin and trypsin, α-
amylase and lysozyme, respectively.

3.5. Assays for Helicobacter pylori Adhesion and Invasion to AGS
Cells

Assays were done for H. pylori adhesion to (human gas-
tric cancer cells) AGS cells. The live Lactobacillus strains in
the suspension were added directly to the cell culture for
20 minutes, then inoculated with H. pylori HP3 for 5 hours.
To determine the number of cell-adhesion bacteria, the in-
fected cells were washed three times to remove unbound
H. pylori and the AGS cells lysed with distilled water for
20 minutes. The lysates were then diluted in PBS and cul-
tured on Brucella blood agar plates. The viable CFUs were
counted 4 days later. Assays for H. pylori invasion to AGS
Cells. To determine the number of intracellular H. pylori
HP3, the infected AGS cells were washed three times with
PBS. In order to remove extracellular bacteria, the infected
AGS cells were incubated with 200 µg/mL gentamicin for
4 hours at 37°C. The AGS cells were lysed with distilled wa-
ter for 20 minutes. The lysates were then diluted in PBS
and cultured on Brucella blood agar plates. The viable CFUs
were counted 4 days later. The controls, containing H. pylori
HP3-infected AGS cells without Lactobacillus strains were
used to define as 100%.

3.6. Lactic Acid and Acetic Acid Assays and Bacterial Killing As-
say

High-performance liquid chromatography (HPLC-
Agilent 1100, Germany) equipped with HPX-87H (Bio-Rad
Laboratories, USA) and a refractive index (IR) detector was
used to determine the concentration of lactic acid and
acetic acid with a column temperature of 60°C and a flux
of 0.5 mL/min. The mobile phase was 0.5 mM H2SO4. Sam-
ples were diluted with of mobile phase and filtered using a
0.22 µm membrane. The activity of antimicrobial fraction
S18 against H. pylori HP3 was evaluated by measuring the

reduction in the numbers of CFU/mL according to the
method of Urrutia-Baca et al. (23). PBS was the phosphate-
buffered saline (pH = 6.0). The working concentration
of the antimicrobial fraction S18 and lactic acid was 17.6
mg/mL. The concentration of the antimicrobial fraction
S18 was measured by the Bradford method (24).

4. Results

4.1. Antimicrobial Susceptibilities of H. pylori Isolates

The antimicrobial susceptibilities of the six H. pylori
isolates were determined by E-test in which all isolates
were susceptible to AMX. However, five isolates were resis-
tant to metronidazole, with the highest resistant rate of
83.3% (Table 1). In addition, the drug-resistant rate of CIP,
CLA, TET, and LEV were 33.3%, 33.3%, 16.7%, and 33.3%, respec-
tively. In total, H. pylori HP3 and H. pylori HP5 isolates with
more than three antibiotics resistance were confirmed as
multidrug-resistant (MDR). In which, H. pylori HP3 isolate,
showing four antibiotics resistance was selected for fur-
ther study.

4.2. Screening of Functional Probiotic Strains Against Heli-
cobacter pylori

Sixty-five strains isolated from healthy baby feces were
tested for their anti-H. pylori activity by the spot-on-lawn
method. Thirty-six clones were obtained from MRS plate
agar (pH = 2.0) and their anti-H. pylori activity has been
tested. Twenty-one strains exhibited different levels of H.
pylori inhibition in the range of 1.3 to 12.2 mm were shown
in Figure 1. Afterward, the supernatant of thirteen isolates
(S1, S3, S5, S8, S10, S12, S14, S15, S16, S18, S19, S20, S21) with a
diameter of inhibition zone above 5.0 were selected to test
the anti-H. pylori activity. As a result, the supernatant of five
isolates (S3, S8, S15, S18, S20) could suppress the growth of
H. pylori with inhibition rate above 60% (OD600nm) were se-
lected for further study. By DNA sequencing, S3, S8, S15, S18,
S20 isolates were identified as L. vaginalis, L. gasseri, L. fer-
mentum, L. reuteri, L. casei, respectively.

Then pH values and organic acids concentrations of
the Lactobacillus isolates from broth supernatant were in-
vestigated after 24 hours cultivation. The result indicated
that the pH of the six isolates culture supernatant was
approximately 3.5 - 4.0 (Figure 2A). Of which, S8 isolate
showed poor performance on lactic acid and acetic acid
production. Besides S8 isolate, the concentration of lac-
tic acid produced by isolates was above 16 g/L. In order
to confirm antimicrobial substance, cell-free supernatant,
pH-neutralized supernatants were tested (Figure 2B). Inter-
estingly, anti-H. pylori activity of S3 isolate and S20 isolate
disappeared after adjusting the pH to 7.0. It seemed that
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Table 1. In vitro, Antibiotic Susceptibility Profile of Helicobacter pylori Isolates Determined by E-Test

Strains MIC, mg/L Description

CIP MTZ AMX CLA TET LEV Resistant Antibiotics

Helicobacter pyloriHP1 < 0.5 > 128 0.50 0.5 1 0.5 MTZ

H. pyloriHP2 32 8 0.12 0.25 2 16 CIP + LEV

H. pyloriHP3 0.5 > 128 0.24 > 32 8 32 MTZ + LEV + CLA + TET

H. pyloriHP4 1 > 128 0.12 0.25 2 0.5 MTZ

H. pyloriHP5 16 > 128 0.12 32 1 1.0 MTZ + CIP + CLA

H. pyloriHP6 0.5 > 128 0.12 1.0 2 0.25 MTZ

Abbreviations: AMX, amoxicillin; CIP, ciprofloxacin; CLA, clarithromycin; LEV, levofloxacin; MIC, minimal inhibitory concentration; MTZ, metronidazole; TET, tetracycline.

Figure 1. Screening functional probiotic strains against Helicobacter pylori (A). The anti-H. pylori activity of the supernatant of five isolates (B). DSM17648 is on behalf of L. reuteri
DSM17648 (the control), which has the ability to reduce the load of H. pylori and have been used in a human study. Data are represented as means ± standard deviation (SD)
of triplicate determinations from three independent experiments.

the anti-H. pylori activity of S3 and S20 isolate was probably
due to the organic acids. Moreover, it was observed that the
anti-H. pylori activity of S8, S15, and S18 isolate supernatants
still existed after adjusting the pH to 7.0. The anti-H. py-
lori activity of S8, S15 and S18 pH-neutralized supernatants
was reduced by 35.37%, 50%, and 8.54% compared to that of
natural-pH supernatants.

The growth of H. pylori was inhibited by S18 strain with
the inhibition of 75%. Lactobacillus inhibited the initial step
of H. pylori adhesion and the invasion of AGS cells was inves-
tigated. As compared to H. pylori infection alone (control
group), L. gasseri S8, L. fermentum S15, and L. reuteri S18 exhib-
ited significant anti-adhesion activity against H. pylori HP3
by 75%, 54% and 72%, respectively (Figure 2C). In addition, L.
gasseri S8, L. fermentum S15, and L. reuteri S18 exhibited dra-
matic inhibitory activity against H. pylori HP3 invasion to
AGS cells, with a reduction of 82%, 64%, and 93.0% (Figure
2D). The antimicrobial substance of S15 isolate was a heat-
labile protein in cell-free supernatant with no anti-H. pylori

activity after heat-treating (Figure 3A). Therefore, S18 strain
was selected for further study.

4.3. Production of the Antimicrobial Substance

In order to enhance the production of antimicrobial
fraction and obtain the optimum conditions, different ni-
trogen and carbon sources were investigated. The result
illustrated that the excellent nitrogen source and carbon
sources were tryptone and glucose, respectively (Figure 4A
and B). However, the metallic ion has no significant effect
on improving the yield of antimicrobial fraction, and the
Tween 80 as an inducing factor performed well, and anti-
H. pylori activity of the broth supernatant was up to 224
AU/mL, while the Tween 80 concentration was 2.0 g/L (Fig-
ure 4C). Moreover, the results demonstrated that the high-
est antibacterial activity of antimicrobial fraction reached
256 AU/mL after 24 hours of incubation (Figure 4D). Unfor-
tunately, it also illustrated that when the incubation time
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Figure 2. Here, pH and organic acid concentrations from Lactobacillus isolate culture supernatant after 24 hours is shown (A). The effect of pH-neutralized supernatants on
inhibition of Helicobacter pylori growth (B). The pH was adjusted by 0.5 M NaOH. The effects of Lactobacillus isolates on MDR H. pylori HP3 (C) adhesion and (D) invasion into
AGS cells (gastric epithelial cells). AGS cells were treated with the Lactobacillus (L. gasseri S8, L. fermentum S15, L. reuteri S18), followed by infection with H. pylori HP3 for 6 hours.
These values are means of triplicate experiments. Data are represented as means ± SD.

Figure 3. The heat resistance (A) and pH resistance (B) of antimicrobial fraction produced by three isolates (S8, S15, and S18)

was beyond 24 hours, the antimicrobial fraction produc-
tion was not increased along with the incubation time. The
antimicrobial fraction was produced in the late logarith-

mic phase of the S18 isolate growth process (Figure 4D).
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Figure 4. The effect of nitrogen (A), carbon source (B), inducing factor and metallic ion (C), and incubation time (D) on the production of antimicrobial fraction S18. Data are
represented as means ± SD.

4.4. Purification of the Antimicrobial Fraction S18

The results of the purification procedure are shown
in Table 2 and Figure 5. The 1 L cell-free supernatant was
concentrated by (NH4)2SO4 precipitation and the crude
antimicrobial fraction S18 was obtained by ultrafiltration
with antimicrobial activity of 1614.35 AU/mg (Table 2). At
the final step of the purification process, two single peaks
were obtained (Figure 5B). The lyophilized sample of the
third peak at 15.2 minutes (antimicrobial fraction S18)
showed a significant antibacterial activity (9600 AU/mL),
which was 37.5 times stronger than that of the 24 hours
cell-free supernatant (256 AU/mL) after optimization of cul-
ture conditions. By amino acid analysis and positive ion
electrospray mass, the antimicrobial fraction S18 was iden-
tified as the bacteriocin (reutericin 6), which was consis-
tent with the report of Kabuki et al. (25).

4.5. Bactericidal Activity of Antimicrobial Fraction S18

The effects of enzymes on the activity of antimicrobial
fraction S18 were investigated. The result showed that the
antimicrobial fraction S18 maintained its antibacterial ac-
tivity after pepsin treatment (Figure 6A). In addition, the
antimicrobial activity of the antimicrobial fraction S18 sig-
nificantly decreased by 80% and 50% after treating with
trypsin and Lysozyme, respectively. It was observed that
the antimicrobial activity was completely inactivated by
protease K after incubation 15 minutes with 95% of antimi-
crobial activity loss compared to the control.

In order to analyze the contribution of acid and antimi-
crobial fraction S18 against the H. pylori HP3, the growth of
H. pylori HP3 after the antimicrobial fraction S18 and lac-
tic acid treatment were investigated (Figure 6B). The result
indicated that the antimicrobial fraction S18 (16 µg/mL)
showed high antimicrobial activity (100% inhibition rate)
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Figure 5. Purification of antimicrobial fraction S18 by RP-HPLC. A, Purification of antimicrobial fraction from cell-free supernatant after Gel chromatography; B,Purification
of antimicrobial fraction from cell-free supernatant after RP-HPLC.

Table 2. Purification of the Antimicrobial Fraction S18

Purification Total Protein, mg/mL Activity, AU/mL Specific Activity, AU/mg Purification, fold

Cell free supernatant (1L) 35.2 240 6.82 1

(NH4)2SO4 precipitation 24.3 1520 62.55 9

Ultrafiltration 8.92 14400 1614.35 237

RP-HPLC 2.10 9600 4571.43 670

Figure 6. The effects of enzymes on the antimicrobial fraction S18 (A); Inhibition kinetics of antimicrobial fraction S18 strain against Helicobacter pylori HP3 (B). PBS was the
phosphate-buffered saline (pH = 6.0); the working concentration of the antimicrobial fraction S18 and lactic acid was 16µg/mL and 17.6 mg/mL, respectively. The concentration
of the antimicrobial fraction S18 was measured by Bradford method. Data are represented as means ± SD.

to inhibit the growth of H. pylori HP3 at a working time of
8 hours. Moreover, the growth of H. pylori HP3 was inhib-
ited by incubation in lactic acid (lactic acid concentration

17.6 g/L) at a working time of 20 hours (Figure 6B). In order
to assess cell viability after gastric transit, the viability of
L. reuteri S18 was measured in simulated gastric fluid and
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simulated intestinal fluid. The results showed that the cell
viability of L. reuteri S18 was decreased by 20.8% and 62.5%
after treatment in simulated gastric fluid and simulated in-
testinal fluid, respectively (Figure 7A and B). Furthermore,
in order to simulate gastric transit conditions, L. reuteri S18
was exposed to the simulated gastric fluid and simulated
intestinal fluid sequentially, resulting in a cell viability loss
of 46% (Figure 7C and D).

5. Discussion

Multidrug-resistant H. pylori HP3 has been isolated and
identified from male patients. Lactobacillus was isolated
and screened from healthy baby feces against multidrug-
resistant H. pylori HP3. Many Lactobacillus isolates showed
anti-H. pylori activity via producing lactate and acetic acid,
and its anti-H. pylori activity would disappear after pH-
neutralization. The pH-neutralized supernatants of L.
reuteri S18 having 75% of inhibitory value were selected as
the excellent candidate probiotic. Then antimicrobial frac-
tion S18 has been purified from L. reuteri S18. It was ob-
served that the growth of H. pylori HP3 was completely sup-
pressed by the antimicrobial fraction S18 at a working time
of 8 hours. Moreover, in simulated gastric fluid and simu-
lated intestinal fluid, the cell viability of L. reuteri S18 was
decreased by 20.8% and 62.5% after the treatment, respec-
tively.

In order to eliminate the H. pylori HP3, therapies with
high efficiency and no/few side-effects are urgently re-
quired. To date, probiotics with the ability to inhibit or kill
H. pylori may be the best choice. It has been reported that
the H. pylori showed sensitivity to L. salivarius, L. gasseri, L.
delbruckii subsp. bulgaricus (26, 27). Moreover, Lactobacil-
lus and Streptococcus have been isolated from the human
stomach in previous research (28, 29). In addition, Lacto-
bacillus has been used for the prevention and treatment of
many diseases. L. rhamnosus GR-1 and L. reuteri has been
used for prevention and treatment of recurrent urogeni-
tal infection (30); L. casei BL23 can reduce DMH-associated
colorectal cancer via regulation of Treg and Th17 popula-
tions of T-cells (31, 32); L. rhamnosus GG in the prevention of
antibiotic-associated diarrhea in children and adults (33);
L. rhamnosus GG supernatant has been used for prevention
acute alcohol-induced liver steatosis (34).

Lactobacillus casei CRL431 can prevent breast cancer de-
velopment by modification of the cytokine profiles (35).
Compared with adults, babies are very healthy, not suffer-
ing from age-related diseases (such as diabetes, obesity, au-
toimmune diseases, and cancer). Moreover, baby feces is
easy to be collected relatively (36). Therefore, intestinal mi-
crobes of the healthy baby were selected as the main source
of probiotics in the present study. In addition, in order to

avoid the injury of the donor, therefore, healthy baby fe-
ces were chosen as the final source. Helicobacter pylori were
found and isolated in the human stomach (37), which can
survive in strong acidic conditions (pH = 0.5 - 2). Only aci-
dophilic and acid-resistant bacteria survive in the acidic
environment of the gastric lumen. Therefore, the excellent
probiotics were obtained by screening acid tolerance and
anti-H. pylori activity, ensuring the selected strains can han-
dle with the gastric environment and inhibit the growth of
H. pylori in the present study.

Furthermore, we observed that the antimicrobial frac-
tion S18 produced by L. reuteri S18 is stable in the pres-
ence of pepsin and is inactivated by treating with trypsin,
lysozyme, and protease K. It was indicated that antimicro-
bial fraction S18 may be resistant to the gastric environ-
ment and can be inactivated by trypsin or another alka-
line environment in the intestine. Therefore, antimicro-
bial fraction S18 has the potential to be used to treat the
patient suffering from H. pylori infection, which can be in-
activated in the intestine. Moreover, it has been observed
that the growth of H. pylori HP3 was completely suppressed
by the antimicrobial fraction S18 at a working time of 8
hours. It was also indicated that the growth of multidrug-
resistant H. pylori HP3 was inhibited by L. reuteri S18 via the
production of antimicrobial fraction S18 mainly and lactic
acid secondarily. The results showed that the cell viabil-
ity of L. reuteri S18 was decreased by 20.8% and 62.5% after
treatment in simulated gastric fluid and simulated intesti-
nal fluid, respectively. It demonstrates that L. reuteri S18 can
survive in the stomach (acidic environment) fighting for
the H. pylori HP3, which can be suppressed in the intestine
subsequently. In summary, L. reuteri S18 has the potential
to be applied to medical care against multidrug-resistant
H. pylori HP3. This method holds the potential to be used
for screening other probiotics.

Helicobacter pylori, first isolated by Warren and Mar-
shall in 1983 (38), is now recognized as a major cause of
chronic gastritis and risk of development of gastric can-
cer (39, 40). However, H. pylori isolates with amoxicillin,
clarithromycin, or metronidazole resistance has already
emerged (41, 42). In this study, 33.3%, 33.3%, 16.7%, 33.3%,
and 83.3% of the tested H. pylori were resistant to CIP, CLA,
TET, LEV, and MTZ, respectively. Particularly, the prevalence
of metronidazole-resistant H. pylori has increased 20% and
13.3%, comparing to the report of Tomatari et al. (64%) (43)
and Mousavi et al. (70%) (44), respectively. It appears that
the prevalence of multidrug-resistant H. pylori is increas-
ing.

5.1. Conclusions

In this study, H. pylori isolated from the stomach of
male patients were susceptible to AMX. However, H. pylori
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Figure 7. Lactobacillus reuteri S18 viability in simulated gastric fluid individually (A), Lactobacillus reuteri S18 viability in simulated intestinal fluid individually (B). The simulated
human upper GI tract model system in vitro (C). Lactobacillus reuteri S18 viability as determined by spread plating after treatment in simulated gastric fluid succeeded by
treatment in simulated intestinal fluid (D).

from salad and vegetable samples had the highest levels
of resistance against AMX (67.79%), and ampicillin (61.01%)
in 2014 (45). Moreover, H. pylori strains isolated from raw
milk samples harbored the highest prevalence of resis-
tance against ampicillin (82.08%), AMX (74.62%) in 2018
(46). Helicobacter pylori strains from traditional dairy prod-
ucts harbored the highest incidence of resistance against
ampicillin (93.54%) and AMX (93.54%) (47). Therefore, we
speculate that the prevalence of H. pylori infection is re-
lated to milk contaminated with H. pylori. However, addi-
tional research is required to find the relationship between
H. pylori infection and daily diet (such as raw milk, cheese
and cream).
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