
Page 1/16

A new understanding of the H. pylori eradication
mechanism
Shanshan Su  (  sushanshan1002@126.com )

Hopital Erasme Service de Gastroenterologie d'Hepato-Pancreatologie et d'Oncologie Digestive
Guo-qi Zheng 

Cangzhou Central Hospital
Ying-ying Liu 

Cangzhou Central Hospital
Yu-fei Liang 

Cangzhou Central Hospital
Hui Song 

Cangzhou Central Hospital
Wen-jie Yin 

Cangzhou Central Hospital
Guo-zun Zhang 

Cangzhou Central Hospital

Research article

Keywords: Helicobacter pylori, proton pump inhibitor intervention, antibiotics, bismuth, probiotics,
treatment mechanism, movement characteristics

Posted Date: October 9th, 2019

DOI: https://doi.org/10.21203/rs.2.15795/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.15795/v1
mailto:sushanshan1002@126.com
https://doi.org/10.21203/rs.2.15795/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background: Helicobacter pylori (H. pylori) cannot usually be detected in the gastric juice and it is thought
that H. pylori may be implanted under the mucus layer for long term. The mechanisms of action of proton
pump inhibitor (PPI), antibiotics, and bismuth for H. pylori eradication are not entirely clear. Our study
aimed to determine the role of PPI on the movement of H. pylori across the mucus layer to the gastric
lumen and the mechanism of PPI, antibiotics, and bismuth on H. pylori eradication.

Methods: Patients with H. pylori infection were intravenous injected with PPI (intervention group, n=31) or
without PPI (control group, n=37). The presence of H. pylori in the gastric juice was evaluated by the rapid
urease test (RUT), polymerase chain reaction (PCR), and culture methods.

Results: The H. pylori positive detection rates were all signi�cantly higher among patients in the
intervention group than among patients in the control group by the RUT (P < 0.0001), PCR (P < 0.0001),
and culturing (P = 0.0386).

Conclusion: H. pylori can penetrate across the mucus layer to the gastric lumen following PPI
intervention. The direct antimicrobial activity of PPI might because of diminished numbers of H. pylori
due to probiotics in the gastric lumen. Antibiotics and bismuth might play a local sterilization role in the
gastric lumen when H. pylori penetrate across the mucus layer.

Introduction
Helicobacter pylori (H. pylori) is one of the most common bacterial infections, potentially lasting for
decades in an individual, and infection can lead to multiple diseases. The prevalence of H. pylori infection
is higher than 50% in much of the world, and ranges from 41.35% to 72.3% in China, with an average of
56.22%.1 H. pylori is widely regarded as one of the most common gastric pathogens 2–4causing chronic
gastritis, functional dyspepsia, peptic ulcer, gastric adenocarcinoma, and lymphoma. 5,6 It has also been
found to be associated with multiple extra gastrointestinal diseases, such as cardiovascular diseases,
hematological system diseases, diabetes, and immune diseases. In 1994, the International Agency for
Research on Cancer consensus group listed H. pylori as a class I human carcinogen.7 The eradication of
H. pylori is a major global public health issue. Currently, several diagnostic tests are available for
determining the presence of H. pylori, such as the rapid urease test (RUT), histology, polymerase chain
reaction (PCR), culture, the urea breath test (UBT), and serology.

At present, the standard method for the eradication of H. pylori is triple (proton pump inhibitor [PPI] + two
kinds of antibiotics) or quadruple (PPI + two kinds of antibiotics + bismuth) therapy based on PPI
recommended by the international guidelines from the Maastricht V consensus,8 the Toronto consensus,9

and other consensuses from many countries.10–13 However, using this traditional treatment, it has
become increasingly di�cult to eradicate H. pylori because of the side effects and increasing antibiotic
resistance.14, 15 The search for alternative treatments, such as microecological agents, traditional Chinese
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medicine, second-line antibiotics (such as Rifabutin), and vaccines16 has become a particular focus.
However, H. pylori eradication remains a serious challenge. Until now, the mechanism of action of PPI,
antibiotics, and bismuth for H. pylori eradication has not been fully understood. A new understanding of
the H. pylori eradication mechanism is needed to tailor accurate and effective H. pylori eradication
therapy.

H. pylori can implant into the surface of the gastric mucosa and penetrate across the mucin layer. We
therefore hypothesized that H. pylori may also penetrate across the mucin layer to the gastric lumen. In
this study, we investigated the movement of H. pylori up and down the gastric mucus layer and analyzed
in detail the mechanisms of current H. pylori eradication therapy.

Materials And Methods

Ethical considerations
The Ethics Committee of Central Hospital of Cangzhou City, Cangzhou, Hebei, China, approved this study,
which was performed in accordance with the ethical guidelines of the Declaration of Helsinki, Good
Laboratory Practices and Good Clinical Practices (2018–017–01). Written informed consent was
obtained from each patient prior to study enrolment.

Patients and specimens
A total of 80 patients infected with H. pylori were recruited from Central Hospital of Cangzhou City from
March 2018 to May 2018. H. pylori infection was diagnosed on the basis of the RUT results following
gastric biopsy or a positive UBT result. Eligible patients were ≥18 years of age. Subjects meeting with the
following criteria were excluded: co-morbidities with severe cardiovascular disease, liver disease or other
infectious disease, had received PPI or been administered histamine–2 receptor blocker (H2RB),
antibiotics or other treatments that may affect H. pylori detection in the previous week, or had a history of
gastric surgery. Patients were divided into two groups randomly: (1) Control group: patients with no
previous treatment for H. pylori eradication, (2) Intervention group: patients who received PPI intravenous
infusion 1–2 h before undergoing gastrointestinal endoscopy examination. Patients in each group did
not receive any other drugs. Esophagogastroduodenoscopy was performed after an 8 h fast without any
defrother, anesthetic or other orally-administered drugs. Patients lay on the left recumbent position of the
examining table and were successfully anesthetized by intravenous injection of propofol. Then 2–3 ml of
fasting gastric juice not containing blood, bile or any other components were sampled from the
fundus/corpus at endoscopy by means of a sterile cannula with an external connection to a 10 ml sterile
syringe. The pH of the gastric juice was determined and a Giemsa stain was performed. The gastric �uid
was dropped into a RUT reagent bottle (SanQiang Biological and Chemical Co. Ltd., Fujian, China) and
was observed for at least 30 min at room temperature. After each examination, the endoscope was
washed with 2% glutaraldehyde and disinfected with 70% ethanol followed by rinsing with sterile water.



Page 4/16

The sterile cannula was reformed from a sprinkler tube by cutting off its front end, which was then
washed with sterile water, treated with an enzymatic hydrolysate, and doused in glutaraldehyde for at
least 10 h, followed by rinsing with sterile water after each examination.

Bacterial cultivation
Culturing ofthegastric �uid samples to detect H. pylori was performed using the Helicobacter pylori
isolated, Veri�cation and Antibiotics Susceptibility Testing Kit (Zhuhai Special Economic Zone Yimin
Biological Engineering Products Factory, Zhuhai, China). The gastric �uid was inoculated onto Brucella
broth supplemented with equine serum and antibiotics (vancomycin, bacillosporin, amphotericin B, and
trimethoprim). Culture plates were incubated under microaerophilic conditions at 37C and high humidity
for 1–2 days. The change in color and turbidity of the culture liquid was observed, with a turbid, red
culture liquid suggesting H. pylori growth (Fig. 1). Organisms were identi�ed as H. pylori based on both
positive catalase (Fig. 2) and urease tests (Fig. 3).

PCR analysis of H. pylori DNA from gastric juice
H. pylori DNA was isolated and analyzed by PCR using Diagnostic Kit of Helicobacter pylori DNA (PCR-
Fluorescence Probing) (Daangene, Guangzhou, China) according to the manufacturer’s
recommendations. The reaction was performed using the ABI 7500 detection system (Applied
Biosystems, Foster, CA, USA) with preliminary denaturation for 8 min at 50°C, 2 min at 93°C, followed by
10 ampli�cation cycles of denaturation at 93°C for 45 s and annealing at 55°C for 1 min, followed by 30
ampli�cation cycles of denaturation at 93°C for 30 s, annealing at 55°C for 45 s, and primer extension at
55°C for 45 s, with a �uorescence acquisition step at the end of the extension. The reference value for this
kit was 27.02, which was determined by the ROC curve method. Samples were considered to be H. pylori
positive when the ampli�cation curve was of typical ‘S’ type and the Ct value was ≤ 27.02.

Statistical analysis
Calculations were performed using SPSS version 16.0 (Chicago, IL, USA). Descriptive analysis was
performed for demographic and clinical features. Results are presented as the mean ± SD for quantitative
variables and the number (percentage) for qualitative variables. The Chi-square test was used to compare
categorical data. The T-test was used to compare normally distributed continuous variables. P < 0.05
indicated a statistically signi�cant difference.

Results

Patients’ characteristics
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Table 1 presents the patients’ characteristics. The gastric �uid was collected from 68 patients infected
with H. pylori after the gastric �uid mixed with blood or bile excluded. The pH value of the gastric juice
was signi�cantly higher in the intervention group than in the control group (P < 0.0001).

Comparison of gastric �uid by the culture method
None of the gastric �uid cultures were positive for H. pylori in the control group (0%), whereas four
cultures positive for H. pylori were detected in the intervention group (12.9%). The positive frequency was
higher in the intervention group than in the control group (P = 0.0386).

Comparison of gastric �uid by the RUT method
Among the 37 patients in the control group, the gastric �uid sample from one patient gave a positive RUT
result (2.7%) compared with 14 positive cases among the 31 patients in the intervention group (45.2%).
The positive frequency was higher in the intervention group than in the control group (P < 0.0001).

Comparison of gastric �uid by the PCR method
PCR of the gastric �uid revealed six positive samples among the control group (16.2%) compared with 20
positive samples among the intervention group (64.5%). The positive frequency was higher in the
intervention group than in the control group (P < 0.0001) (Fig. 4).

Discussion
H. pylori is a Gram-negative microaerobic bacterium that is spiral in shape and has 2–6 polar �agella for
mobility. This bacterium implants between the surface of the gastric mucosa and the mucin layer without
evidence of intracellular parasitism.17 H. pylori can only survive at a periplasmic pH of 4.0–8.5 and can
only grow at a periplasmic pH of 6.0–8.5. It is di�cult to detect H. pylori in the gastric lumen because it is
such an acidic environment.

The human stomach is divided into three anatomic regions: the cardia, the fundus/corpus, and the
antrum. The antrum secretes alkaline mucus 4–5 cm around the antrum. Therefore, H. pylori is mainly
distributed in the antrum.18 H. pylori distribute in two ways: (1) by colonizing the surface of the gastric pit
and epithelial cells, and (2) by colonizing above the tissue surface mucus layer. The latter is more
common. An animal model revealed that H. pylori colonizes a zone 0–25 μm above the tissue surface
mucus layer, to a total thickness of about 100 μm.19 While the gastric lumen has a pH of 1–2, a pH
gradient exists across the mucus layer, reaching a pH of 6–7 at the surface of the mucosa.20 Using
chemotaxis, H. pylori navigate this pH gradient to reach their niche environment near the host epithelium.
21, 22
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Research has revealed that the stomach supports a bacterial community comprising hundreds of
phylotypes,23–25 while a pH of < 4 prevents bacterial overgrowth. It was reported that the microbial
density in the stomach is 101–103 CFU/g.26,27 This high density of bacteria means that Giemsa staining
is not an optimal method for studying H. pylori in the stomach. Therefore, in this study, we employed the
RUT, PCR analysis, and culture methods to study H. pylori in gastric juice.

Until now, little is known about the movement characteristics of H. pylori all over the world. We use PPI
intervene the patients infected with H. pylori and study the movement characteristics of H. pylori. In this
study, the pH of gastric juice in control group patients was range from 1 to 3 with an average of 1.59,
which was consistent with normal pH value of gastric juice. The pH of the gastric juice of patients in the
intervention group was higher than that in the control group, but H. pylori was detected in both groups.
Culture is the gold standard method for detecting the presence of viable H. pylori. In our study, the
positive detection rate was signi�cantly higher in the gastric juice of patients in the intervention group
than of patients in the control group. The RUT and PCR analysis also indicated that positive detection
rates were signi�cantly higher among patients in the intervention group than among those in the control
group. The results of culturing, the RUT, and PCR were consistent. Our �ndings indicated that PPI
intervention may induce H. pylori to penetrate across the mucus layer from the surface of the gastric
mucosa to the gastric lumen. However, one positive case was detected by the RUT of the gastric �uid
from the control group and this sample had a pH value of 1, possibly indicating that the gastric �uid may
be mixed with slight bile. In addition, six samples from the control group tested positive by PCR, which
might indicate that there was too high a load of H. pylori for these bacteria to be detected in the gastric
lumen.

H. pylori is a fastidious microorganism that requires complex growth media. The H. pylori living
environment is small in the mucus layer and a key feature of this bacteriumis its microaerophilicity, with
optimal growth at O2 levels of 2% to 5%.28 H. pylori is unable to survival under normal atmospheric
conditions or under absolute anaerobic conditions. H. pylori requires complex growth media rich in
nutrients. However, the mucus layer has low permeability to most molecules such as protons, O2, and
nutrient macromolecules. If the condition of juice in gastric lumen met the quali�cation mentioned above,
H. pylori may penetrate across the mucus layer to the gastric lumen.

In recent years, the application of probiotics in the eradication of H. pylori has become an area of
increasing research interest. Probiotics are capable of in�uencing bacterial growth by secreting
antibacterial substances, and their metabolites may diminish the number of H. pylori.29 Lactic acid might
have an additional effect on H. pylori by inhibiting urease and lowering the pH30 (Fig. 5). The Maastricht
V consensus8 reported that several probiotics had been administered combined with antibiotic therapies
to treat H. pylori infection and probiotics could signi�cantly increase the treatment e�cacy of triple
therapy.31
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It is reported that PPI alone also exerts direct antimicrobial activity against H. pylori with a 6%–7.7%
eradication rate, 32, 33 which was con�rmed by Meining and colleagues.34 Iwahi and coworkers35

practiced a more in-depth study of PPI, and surprisingly found that lansoprazole could inhibit the growth
of H. pylori in vitro, similar to the antibacterial effects of antibiotics. A series of subsequent studies found
that omeprazole, pantoprazole, and rabeprazole have different degrees of inhibitory effects on H. pylori in
vitro, but the degree of bacteriostasis of PPIs in vitro differs greatly, with rabeprazole showing the
strongest bacteriostatic effect. However, these differing effects of PPIs have not been reported in clinic.
According to our research results, we propose that PPI intervention may reduce the pH gradient, disturbing
the pH chemotaxis of H. pylori and leading to the penetration of the mucus layer. Under this mode of
movement, H. pylori might be diminishedbythe presence ofprobiotics above the mucus layer. Otherwise,
when the pH value in the gastric lumen decreases below 4, H. pylori would return to thehost epithelium,
again being exposed to the deleterious effects of probiotics. In addition, the high pH of the gastric juice in
the lumen can accelerate the growth of probiotics to assist with the eradication of H. pylori.

The �agella of H. pylori often carry a distinctive bulb at the end. The �agella confer motility and allow
rapid movement in viscous solutions such as the mucus layer overlying the gastric epithelial cells.36

Motile bacteria sense chemical gradients by means of chemoreceptor proteins, such as BabA, with a pH–
sensor mechanism,37 and relay the information to the �agellar motor 38 to direct movement toward an
environment with optimal concentrations of both electron acceptors and proton/electron donors. Another
study reported that among H. pylori exposed to neutral pH, only about 7% of the culture were motile and
traveled at an average speed of 10.5 μm per s. By contrast, among cells that were shifted to an acidic pH,
66% were motile with a signi�cantly faster average speed of 24.3 μm per s.39 It seems likely that H. pylori
uses the pH-sensing mechanism for orientation along the transmucus pH gradient. H. pylori can
penetrate across the mucus layer to the gastric lumen when the pH gradient is reduced by PPI
intervention.

Until now, the mechanism by which antibiotics eradicate H. pylori has been controversial. It was thought
that the drug was delivered directly following oral administration, or indirectly following intestinal
absorption, and transferred from the blood into the stomach across the gastric mucosa. Traditionally it
has been thought that drugs need to penetrate across the mucus layer from the gastric lumen to the
epithelial surface, or vice versa, to reach the target bacteria, but delivery is limited by the permeability of
the mucus layer. In its physiological state, the gastric mucosa has low permeability to most molecules,
from protons to macromolecules.40, 41 Unlike previous reports, our �ndings indicated that antibiotics play
a local function in the gastric lumen when H. pylori penetrates across the mucus layer to the gastric
lumen because of the use of PPI (Fig. 5). The “battle�eld” that we originally considered that antibiotics
eradicated H. pylori changed from the submucous layer to the gastric lumen. Therefore, current concept
of H. pylori should been changed.

Bismuth-based quadruple therapy has been used as �rst-line therapy and has shown excellent effects in
H. pylori eradication even for antibiotic resistance strains. 42–46 However, the mechanism of action of
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bismuth drugs is not fully understood.46 Bismuth agents can form a bismuth complex with glycoproteins,
which form a diffuse barrier to acids. It has been shown that bismuth also has bactericidal activity. When
H. pylori penetrates across the mucus layer to the gastric lumen under PPI intervention or returns to
thehost epithelium, bismuth may damage, or even eradicate, H. pylori.

Conclusions
Our study indicated that H. pylori can penetrate the mucus layer and enter the gastric lumen where it
acquires O2 and nutrients under PPI intervention. The mechanism of direct antimicrobial activity of PPI
may be that PPI disturbs the pH chemotaxis of H. pylori, leading to penetration across the mucus layer,
where it is diminishedbyprobiotics above the mucus layer and eliminated by gastric emptying. Antibiotics
and bismuth may play a local sterilization role in the gastric lumen when H. pylori penetrates across the
mucus layer. Through the movement characteristic of H. pylori, we provide reliable data for the optimal
application time of probiotics, antibiotics and bismuth as well as a theoretical basis for improving the
eradication of H. pylori.

Abbreviations
H. pylori: Helicobacter pylori; PPI: proton pump inhibitor; RUT: rapid urease test; PCR: polymerase chain
reaction; UBT: urea breath test
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Figure
s

Figure 1

Culture liquid turbidity and red suggesting H. pylori growth. (A) Negative result. (B) Positive result.
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Figure 2

H. pylori can generate catalase which decompose H2O2 and released bubbles in micropore labeled ‘CAT’.
Bubbles can be seen in CAT micropore was identi�ed as H. pylori positive. (A) Negative result. (B) Positive
result.

Figure 3

H. pylori can generate urease which decompose the urea, released ammonia in micropore labeled ‘Ur+’,
and the ammonia can turned the phenol red from yellow to red colour. The Ur+ micropore turned from
yellow to red colour was identi�ed as H. pylori positive. (A) Negative result. (B) Positive result.
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Figure 4

Comparison of gastric �uid PCR for H. pylori with and without PPI. The positive frequency was higher in
PPI intervention group than that in Control group (P < 0.001).

Figure 5
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The movement characteristics of H. pylori under PPI intervention and the mechanisms of action of PPI,
antibiotics and probiotics.


