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Introduction

Abstract

Background and Aim: Due to the failure of antibiotic treatment and recurrence of
infection in patients with Helicobacter pylori, this study was designed to find the pos-
sible cause of treatment failure and recurrence of the H. pylori infections in
Ilam, Iran.

Methods: One hundred patients with specific symptoms of H. pylori infection were
selected, and after taking a biopsy specimen, identification of H. pylori, antibiotic sus-
ceptibility assay, and persister cell assay were performed. In addition, after treatment,
patients with persister cells were followed for possible recurrence of infection. Fur-
thermore, an antibiotic susceptibility assay was performed.

Results: Our results demonstrated that, among 100 patients, 50% (n = 50) showed
positive results for the existence of H. pylori. Among the susceptible isolates, 18%
(n = 9) were persister cells that were sensitive to clarithromycin as confirmed by a 5
folds higher than the Minimal Inhibitory Concentration (MIC) of clarithromycin. The
data were confirmed by following up the suspected patients.

Conclusion: Our results demonstrated that persister cells in H. pylori infections may
be responsible to recurrent infection and antibiotic treatment failure. However, more
research is needed to obtain more information in this area.

Unfortunately, lack of proper control of drug administration has

Helicobacter pylori is one of the most substantial causes of bac-
terial infections commonly seen in human societies. As H. pylori
is the fundamental reason for gastrointestinal disease, it is also
the main reason for gastric cancer in humans.' In general,
H. pylori causes a variety of gastrointestinal diseases such as gas-
tric disorders, duodenal ulcer, peptic ulcer, adenocarcinoma, and
gastric lymphoma.” There are several reports on the mortality of
gastric lymphoma and peptic ulcer caused by H.pylori, which
demonstrated considerable deaths around the world annually.’
On the other hand, chronic infections are also one of the very
complicated disorders that cause duodenal ulcers and peptic
ulcers in less than 10% of patients, as well as leading to cancer
in less than 1% of patients.* Therefore, control of these infections
is extremely important even in the initial phases of the disease.
As H. pylori has infected two-thirds of the world’s human popu-
lation, antibiotics should be prescribed more carefully.’
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led to a significant increase in antibiotic resistance.® For this rea-
son, the primary goal of the present study is to investigate antibi-
otic resistance in H. pylori in Ilam, Iran. According to the latest
in 2020, 51.2% of
clarithromycin in Iran.” Globally, H. pylori resistance to
clarithromycin in Africa, Europe, Asia, and America is 50.8%,
25.1%, 24%, and 7.2%, respectively. Improper use of other mac-
rolides such as azithromycin can be one of the reasons for resis-
tance to clarithromycin, which is used to treat respiratory
infections.® In addition, metronidazole resistance has also has
been reported in 45% of clinical isolates in Iran.® Subsequently,
16% resistance to amoxicillin and 12.2% resistance to tetracy-
cline have been reported in Iranian clinical isolates of
H. pylori.'®

As H. pylori infection is very common, and antibiotic
resistance is increasing sharply, and because the lack of treatment

research isolates were resistant to
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Persister cells in Helicobacter pylori

for infection can endanger the patient’s life, research in this area
is extremely important.

H. pylori infection is highly common in humans, and fail-
ure to treat the infection can endanger the patient’s life. There-
fore, there is a great need for research in this area to control this
libertine infection as soon as possible.

It should be noted that H. pylori can cause chronic infections
that, in some cases, last for years and are even incurable.!" One of the
main causes of chronic infections is the persister cells, which develop
very strong persistence to a particular antibiotic without any genetic
justification. In summary, persister cells are dedicated to less than 1%
of the bacterial population. After antibiotic treatment and elimination
of nonpersister cells, persister cells remain and cause recurrence of the
infection. This process can be repeated many times and creates an
incurable infection (Fig. 1).">'"> As the persister cells can develop tol-
erance to antibiotics, the presence of these cells can be directly associ-
ated with antibiotic failure and causes of chronic disease.

Therefore, the present study was conducted to investigate
the antibiotic resistance pattern and presence of persister cells in
H. pylori collected from the patients from Ilam, Iran.

Method

Ethical approval. The members of the Ethical Committee of
Ilam University of Medical Sciences, Ilam, Iran, approved the
study (ID:1399.188).

Inclusion criteria. All patients with gastrointestinal symptoms
and dyspepsia are referred to the gastrointestinal clinic in Ilam, Iran
and are endoscopically treated by the gastroenterologist. H. pylori
with endoscopic confirmation of tissue samples, positive rapid ure-
ase test or positive fecal antigen test were included in the study.

Success of treatment in
antibiotic-susceptible isolates

Antibiotic
Persister cell
Non-persister cell %
Inflammation @

P Bahmaninejad et al.

Exclusion criteria. Patients with underlying diseases such as
liver cirrhosis, renal failure, severe heart disease, malignancy out-
side the gastrointestinal tract, age younger than 17 and over
80 years, taking steroids at the same time, had recent gastrointes-
tinal bleeding, and/or were pregnant or breastfeeding were
excluded.

Gastric biopsy sample collections and H. pylori
phenotypic identification. Biopsies were obtained by the
gastroenterologist in the gastrointestinal clinic in Ilam, Iran from
100 patients (samples were collected between September 2020
and December 2020) with symptoms of ache, burning pain in the
abdominal area, burping, nausea, and bloating symptoms. Then,
H. pylori was identified by histological observation, culture, and
detection of urea enzyme by the Rapid Urease Test (RUT). Two
biopsy specimens were taken from the antrum, and two biopsy
specimens were taken from the corpus of each patient.

Phenotypic identification of H.pylori. Samples were
transferred to a laboratory in a Stuart transfer medium (Merck,
Lindenplatz, Germany).'* Endoscopic specimens were cultured
rapidly or were refrigerated until culture. A portion of the sample
was added to the Brucella agar (Merck, Germany) containing
vancomycin (10 mg/L), trimethoprim (5 mg/L), amphotericin B
(5 mg/L), polymixin (2500 U/L), 1% starch, and 5-7% sterile
defibrillated blood sheep. The plates were stored at 37°C for
5-7 days with 10% carbon dioxide and 90-100% humidity; part
of the sample was also homogeneous to do RUT. The positive
result of the RUT was determined by changing the color from
yellow to purple within 1 h. Other tests include catalase and oxi-
dase and indole testing.'> The remaining homogeneous biopsy
sample was used for gram staining.

Recurrence of infection by persister cells after
completion of antibiotic treatment
in antibiotic-susceptible isolates

Figure 1 Antibiotic failure and recurrence of infection in persister cell and non-persister cell of H. pyloriisolates. (a): In infected patients with antibiotic-
susceptible isolates, which are not able to form persister cells, the patients recover after antibiotic treatment. In fact, antibiotic treatment will be suc-
cessful. (b) In contrast, in infected patients with antibiotic-susceptible isolates, which can form persister cells, antibiotic treatment fails. Indeed, in iso-
lates that form the persister cell, the symptoms of the disease subside with the administration of antibiotics. However, by stopping antibiotics, persister
cells will cause the disease to recur. So, it becomes an incurable infection. «, Antibiotic. «, Persister cell. s, Non-persister cell. », Inflammation.
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Molecular confirmation by PCR. Initially, DNA was
extracted from isolates by the boiling method.'® Therefore, the
purity and quantity of the DNA were checked by NanoDrop
(Berthold, Bad Wildbad, Germany). Then, in order to confirm H.
pylori isolates, the detection of ureC gene was detected by PCR
with listed primers in Table 1. Polymerase chain reaction (PCR)
reaction mixture was prepared in a total volume of 25 pL, con-
taining 8 pL of deionized water, 12 pL of master mix PCR, 2 pL of
primers (forward and reverse), and 3 pL. of DNA template. Amplifi-
cation was performed in a Bio-Rad thermocycler. The PCR protocol
for the detection of the desired genes is available in Table 2.

Antibiotic susceptibility assay. Susceptibility of H. pylori
clinical isolates to clarithromycin (2 pg), metronidazole (5 pg),
amoxicillin (10 pg), and tetracycline (30 pg) (HI Media Laborato-
ries, Mumbai, India) was evaluated by the disc diffusion test. For
disk diffusion purposes, H. pylori isolates were cultured on Mueller
Hinton agar (Merck, Germany) containing 10% defibrillated sheep
blood and were incubated for 72 h at 37°C under microaerophilic
conditions. Then, a McFarland 3 turbidity standard was prepared by
adding colonies into the brain heart infusion (BHI) broth (Merck,
Germany). Afterward, it was inoculated into the Mueller Hinton
agar, and antibiotic disks were placed. Finally, plates were incubated
at 37°C for 3 days under microaerophilic conditions. Subsequently,
an agar dilution test was performed based on the guidelines of the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST). Accordingly, serial dilution was performed by
adding inoculum in each glass test tube. The range of final con-
centrations for each antibiotic were 1-4 pg/mL for tetracycline,
2-64 pg/mL for metronidazole, 0.25-1 pg/mL for amoxicillin,
and 0.125-1 pg/mL for clarithromycin. All the powder antibi-
otics were obtained from Sigma Company, China.

Determination of persister cells. Isolates were cultured
up to the stationary phase. Then, 1 mL of the cultured bacteria and
200 pL of the lysis solution (Sigma Aldrich) were mixed. Afterward,
it was vortexed for 10 s and set aside at room temperature for
10 min. A total of 200 pL of lysozyme enzyme solution was added
to the solution and incubated at 37°C and centrifuged at 200 rpm.
The solution was cultured on Luria Broth (LB) agar media in several
dilutions to determine persister cells.'® In order to confirm persister
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cell detection, growth of isolation was evaluated at an MIC fivefold
higher than that of clarithromycin. Positive growth was considered
evidence of persister cells. This test was performed twice.

Following the process of the patient’s treatment.
Treatment success was assessed by a gastroenterologist based on
clinical symptoms including ache, burning pain in the abdominal
area, burping, nausea, bloating, and H. pylori antigen test
(SHPAT) after 1 month of treatment.

Statistical analysis. SPSS version 16 was used to evaluate
the prevalence of antibiotic susceptibility and persister cell for-
mation in H.pylori.

Results

Phenotypic and molecular characterization dem-
onstrates a high rate of H. pylori prevalence. The
study population was selected from patients who had obvious
symptoms of H. pylori infection including, ache, burning pain in
the abdominal area, burping, nausea, bloating symptoms from
the gastrointestinal clinic in Ilam, Iran. Of 100 patients, H. pylori
infection was confirmed in 50% (n = 50) of all patients using his-
torical observation, culture, and RUT. All the isolates also were
tested for the ureC gene that confirmed the phenotypic assays.

Disturbing rates of antimicrobial resistance to
clarithromycin and metronidazole in H. pylori iso-
lates. Unfortunately, our results demonstrated that the state of
antibiotic resistance in H. pylori is extremely disturbing. There-
fore, several isolates were resistant to first-line antibiotics, metro-
nidazole, and clarithromycin. More precisely, all isolates (n = 50)
were resistant to metronidazole, which can greatly disrupt the
healing process. Afterward, 66% (n = 33) of isolates were resis-
tant to clarithromycin, and 28% (n = 14) of isolates were resis-
tant to tetracycline and amoxicillin (Fig. 2).

The significant presence of persister cells in
H. pylori clinical isolates. The results of the persister cell
assay indicated a very strong persistence in H. pylori clinical iso-
lates. In detail, among all isolates, 18% (n = 9) of them were

Table 1 Primers designed for PCR to detect ureC
Gene name Sequence (5'- > 3') Product length (bp) References
ureC F: TCTGTCTGATTCGCTTTTCTG 820 [17]
R: AAGCTCGCTAAAAACGACC

Table 2 PCR condition to detect ureC
No. of cycle Time Temperature Definite Step Program
1 5 min 94°C Initial denaturation 1 Prog.1
35 30S 94°C Denaturation 1 Prog.2

30s 54°C Annealing 2

1 min 72°C Extension 3
1 10 min 72°C Final extension 1 Prog.3
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Resistance

100%
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Figure 2 Antibiotic resistance pattern in H. pylori clinical isolates. The highest resistance was observed for metronidazole. m, Resistance.

persister cells that were all sensitive to clarithromycin and at 5 folds
higher than the MIC of clarithromycin.

Presence of persister cells in the recurrent cases
of H. pylori infection. All patients were followed up, and
the results were checked via the stool H. pylori antigen test
(SHPAT) that performed in clinical laboratories. In nine patients
who had persister cells, all were positive for SHPAT. Among the
other 41 patients, only 2 patients showed SHPAT-positive results
that were negative for persister cells.

These results suggested a potent relationship between per-
sister cell formation and possible recurrent H. pylori infection.

Discussion

With the discovery of persister cells in 1994, a novel cause of
the recurrence of infections has been presented.'® The consensus
is that most populations of some bacterial isolates can disappear
when faced with a specific antibiotic, but incredibly, some of
them will remain, which can be revived if the antibiotic is
removed.'? Although the persister cells are not distinct from bac-
terial sensitive populations, they can cause a recurrence of the
infection.'? Therefore, persister cells are very valuable in the
field of microbial infection treatment, such as infections caused
by H.pylori.

Given that the genetic mechanism and formation of per-
sister cells are unknown in H.pylori, more insight into practical
solutions used to eradicate the persister cells requires more future
studies. The present study reports the presence of a significant
number of persister cells in the clarithromycin-susceptible
H. pylori clinical isolates. However, the importance of persister
cells lies in their amazing nature. In a significant number of
patients, after receiving antibiotic treatment, the patient’s symp-
toms decrease, but after stopping the antibiotic, the symptoms
reappear. Surprisingly, this recurrence of the infection is seen in
isolates that were sensitive to the antibiotic. In this study, this
recurrence was also significantly seen in patients with symptoms
of H. pylori infection, so we decided to evaluate the presence of
persister cells in these patients.

The evaluation of antibiotic resistance can be very helpful
in infection control and the treatment process. As there is no
rapid laboratory test for the identification of antibiotic-resistant

H. pylori, physicians prescribe antibiotics empirically.?® Accord-
ingly, in this study, the antibiotic resistance pattern of the
H. pylori clinical isolates was investigated.

Our results demonstrated that all H. pylori clinical isolates
(n = 50) were resistant to metronidazole. The study by Setty
et al. showed that 81% of H. pylori isolates were resistant to met-
ronidazole®' and revealed a high rate of resistance similar to our
study. In a meta—analysis study performed in Iran,' among
21 articles published in different parts of Iran, the average resis-
tance to metronidazole was approximately 61.6%, which was
high. The high rate of resistance to metronidazole in Ilam may
be because of the high rate of prescription of this antibiotic by
physicians. In this study, resistance to clarithromycin was 66%
(n = 33), which is not comparable with other parts of Iran. This
resistance should be noted in Ilam, Iran. There is no perfect study
to show the prevalence of H.pylori persister producers. We
reported that persister cells may be responsible for the recurrence
of H.pylori infection. Two patients showed the presence of
H.pylori by SHPAT and negative results in persister assay, so,
the failure of treatment may be explained by further analysis that
these two patients were susceptible to clarithromycin and
tetracycline.

Conclusion

This result probably explains the relationship between persister
cell formation and the possible recurrence of infection. As failure
to treat H. pylori infection can endanger patients’ lives, identify-
ing the causes of treatment failure is highly critical.

In addition, the high rate of existence of persister cells and
unknown genetic pathways of persister cell formation are like an
alarm for researchers to continue research in this field as fast as
possible.

References

1 Wroblewski LE, Peek RM Jr, Wilson KT. Helicobacter pylori and
gastric cancer: factors that modulate disease risk. Clin. Microbiol.
Rev. 2010; 23: 713-39.

2 Parsonnet J, Friedman GD, Vandersteen DP et al. Helicobacter pylori
infection and the risk of gastric carcinoma. N. Engl. J. Med. 1991;
325: 1127-31.

496 JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 493-497

© 2021 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



W

W

e

—_

P Bahmaninejad et al.

Collado L, Jara R, Gonzalez S. Description of Helicobacter
valdiviensis sp. nov., an Epsilonproteobacteria isolated from wild bird
faecal samples. Int. J. Syst. Evol. Microbiol. 2014; 64(Pt 6): 1913-19.
Wen S, Moss SF. Helicobacter pylori virulence factors in gastric car-
cinogenesis. Cancer Lett. 2009; 282: 1-8.

Harris A. Travel-related infectious diseases. In: CDC Yellow Book.
Oxford University Press: 2020.

Tenover FC, McGowan J. Reasons for the emergence of antibiotic
resistance. Am. J. Med. Sci. 1996; 311: 9-16.

Alavifard H, Mirzaei N, Yadegar A et al. Investigation of
clarithromycin resistance-associated mutations and virulence geno-
types of Helicobacter pylori isolated from Iranian population: a cross-
sectional study. Curr. Microbiol. 2021; 78: 244-54.

Bakhshi S, Ghazvini K, Beheshti A, Ahadi M, Sheykhi M. Review of anti-
biotic resistance of Helicobacter pylori in Iran and the world. Medical
Journal of Mashhad University of Medical Sciences. 2017; 60: 648-61.
Rezaei S, Abadi ATB, Mobarez AM. Metronidazole-resistant Helicobacter
pylori isolates without rdxA mutations obtained from Iranian dyspeptic
patients. New Microbes and New Infections. 2020; 34: 100636.

Khademi F, Poursina F, Hosseini E, Akbari M, Safaei HG.
Helicobacter pylori in Iran: a systematic review on the antibiotic
resistance. Iran. J. Basic Med. Sci. 2015; 18: 2-7.

Marshall B. Helicobacter pylori: 20 years on. Clin. Med. 2002; 2:
147-52.

Fisher RA, Gollan B, Helaine S. Persistent bacterial infections and
persister cells. Nat. Rev. Microbiol. 2017, 15: 453-64.

JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 493-497
© 2021 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

—_

Persister cells in Helicobacter pylori

13 Zali MR. Facing resistance of H. pylori infection. Gastroenterol.

Hepatol. Bed. Bench. 2011; 4: 3—11.

Veenendaal RA, Lichtendahl-Bernards AT, Pena AS, Endtz HP, van
Boven CP, Lamers CB. Effect of transport medium and transportation
time on culture of Helicobacter pylori from gastric biopsy specimens.
J. Clin. Pathol. 1993; 46: 561-3.

Shetty V, Ballal M, Balaraju G, Shetty S, Pai GC, Lingadakai R.
Helicobacter pylori in dyspepsia: phenotypic and genotypic methods
of diagnosis. J. Glob. Infect. Dis. 2017;9: 131-4.

Oliveira CF, Paim TG, Reiter KC, Rieger A, Azevedo PA. Evaluation
of four different DNA extraction methods in coagulase-negative
staphylococci clinical isolates. Rev. Inst. Med. Trop. Sao Paulo.
2014; 56: 29-33.

He Q, Wang JP, Osato M, Lachman LB. Real-time quantitative PCR
for detection of Helicobacter pylori. J. Clin. Microbiol. 2002; 40:
3720-8.

Canas-Duarte SJ, Restrepo S, Pedraza JM. Novel protocol for per-
sister cells isolation. PLoS One. 2014; 9: ¢88660.

Cohen NR, Lobritz MA, Collins JJ. Microbial persistence and the
road to drug resistance. Cell Host Microbe. 2013; 13: 632-42.
Graham DY, Fischbach LA. Empiric therapies for Helicobacter pylori
infections. CMAJ. 2011; 183: ES06-ES.

Shetty V, Lamichhane B, Tay CY et al. High primary resistance to
metronidazole and levofloxacin, and a moderate resistance to
clarithromycin in Helicobacter pylori isolated from Karnataka
patients. Gut Pathog. 2019; 11: 21.

497



	 Persister cells as a possible cause of antibiotic therapy failure in Helicobacter pylori
	Introduction
	Method
	Ethical approval
	Inclusion criteria
	Exclusion criteria

	Gastric biopsy sample collections and H. pylori phenotypic identification
	Phenotypic identification of H.pylori
	Molecular confirmation by PCR
	Antibiotic susceptibility assay
	Determination of persister cells
	Following the process of the patient's treatment
	Statistical analysis

	Results
	Phenotypic and molecular characterization demonstrates a high rate of H. pylori prevalence
	Disturbing rates of antimicrobial resistance to clarithromycin and metronidazole in H. pylori isolates
	The significant presence of persister cells in H. pylori clinical isolates
	Presence of persister cells in the recurrent cases of H. pylori infection

	Discussion
	Conclusion
	References


