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llaprazole-amoxicillin dual therapy at high
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open-label, noninferiority, randomized
controlled trial
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Abstract

Objectives This study aimed to evaluate the efficacy, adverse events, patient compliance, and cost of dual therapy
with llaprazole-amoxicillin (IA) at high dose versus llaprazole-amoxicillin-furazolidone-bismuth (IAFB) quadruple
therapy for the Helicobacter pylori (H.pylori) infection among Chinese patients.

Methods 200 patients who had tested positive for H. pylori and undergoing upper gastrointestinal endoscopy after
being diagnosed with chronic gastritis participated in this open-label randomized controlled clinical trial. Patients
were randomized to Group A and Group B: the 14-day IA dual treatment group (101) and IAFB quadruple treatment
group (99). The 13 C urea breath test was conducted to determine whether H. pylori had been eliminated 4-6

weeks after the treatment. Eradication rates, drug-related adverse events, patient compliance, and drug costs were
compared between the two treatment groups.

Results Eradication rates in group A were 92.1% and 94.9%, depending on the intention-to-treat (ITT), per-protocol
(PP), respectively, which was similar to group B (91.9% and 93.6%). There was no significant difference observed in
adverse events between the two groups (P=0.518). Interestingly, compliance was significantly higher in group A
compared to the group B (P=0.031). In addition, drug costs were significantly lower for group A in comparison to the
group B.

Conclusions |A dual therapy was found to be equally effective, safer and less costly than IAFB quadruple therapy.
Therefore, these therapies can be potentially considered as first-line regimens for empirical treatment.
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Introduction

Helicobacter pylori (H. pylori) has been identified as
a major cause of the development of chronic gastritis,
peptic ulcer, gastric Mucosa-associated lymphoid tissue
(MALT) lymphoma and gastric cancer [1]. Hence, in the
expert consensus such as the Maastricht VI Consensus,
the Toronto Consensus and the 6th National Consen-
sus Report on the Management of H. pylori Infection,
14-day bismuth-containing quadruple therapy was rec-
ommended as the treatment of choice for management of
infection [1]. The consensus clearly stated that H. pylori
eradication can effectively promote peptic ulcer heal-
ing and reduce the incidence of gastric cancer as well as
ulcers, and that H. pylori eradication can lead to remis-
sion in 80% of patients with early gastric MALT lym-
phoma [1]. H. pylori eradication has been found to be
effective in reducing socioeconomic stress [1-3]. Long-
term use of multiple antibiotics can significantly enhance
the resistance of H. pylori [4]. For instance, the resistance
rate of metronidazole in China has been reported to be
as high as 40-70%, whereas the resistance rate of both
clarithromycin and levofloxacin is 20-50% [4]. The eradi-
cation rate of bismuth-containing quadruple therapy
has been reported to decrease substantially concomi-
tant with the increase of antibiotic resistance, but the
incidence of adverse events (AEs) of quadruple therapy
remains relatively high [4]. Therefore, there is an urgent
need for development of novel treatment option that can
reduce AEs and antibiotic use. A number of studies have
shown that diphtherapy with high-dose amoxicillin com-
bined with PPI can be potentially used as a first-line or
remedial therapy for H. pylori eradication, with eradica-
tion rates of more than 90%, even higher than those of
bismuth-containing quadruple therapy [5-7]. Ilaprazole
is a proton pump inhibitor belonging to benzimidazole
class that can irreversibly inhibit enzymes on H+ -K+
-ATP and cause inhibition of gastric acid production [8].
It has been established that compared to the first genera-
tion PP], it has the advantages of long half-life, faster and
stronger acid inhibition and is not affected by CYP2C19
gene polymorphism during metabolism [9, 10]. More-
over, Ilaprazole enteric tablets are widely used, which can
be more easily absorbed and thus exert a stronger acid-
suppressive effect [11]. In addition, prior reports have
shown that the rate of AEs of Ilaprazole was relatively
low in H pylori-infected patients aged between 14 and
70 years old thus indicating its relative safety and reli-
ability [12, 13]. However, the efficacy of dual therapy with
Ilaprazole (Active Ingredient: Eprazole; Lizhu Group
Lizhu Pharmaceutical Factory; Zhujiang City, Guang-
dong Province, China)-amoxicillin (IA) at high dose has
not been reported so far. Hence, we sought to determine
whether dual therapy with IA in this study could improve
the clinical outcomes, avoid unnecessary AEs, and also
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reduce the cost as a first-line treatment option for H.
pylori eradication in Chinese patients.

Patients and methods

Patients and study design

Initial screening of patients aged>14 years who were
diagnosed positive for H. pylori by ' C urea breath test
(UBT) was conducted at the Second Affiliated Hospital
of Hainan Medical University in the period ranging from
January 2022 to December 2022 in a specialized outpa-
tient clinic for H. pylori diagnosis. The study ultimately
included 200 patients who had tested positive for H.
pylori while undergoing upper GI endoscopy as a result
of chronic gastritis. The patients were randomly divided
into Group A and Group B: the 14-day Ilaprazole-amox-
icillin (IA) dual treatment group (101) and Ilaprazole-
amoxicillin-furazolidone-bismuth ~ (IAFB) treatment
group (99). The '* C UBT indicated that H. pylori had
been eliminated 4—-6 weeks after treatment. H. pylori
eradication rates were determined by intention-to-treat
(ITT) and per-protocol (PP) analysis. In addition, eradi-
cation rates, drug-related AEs, patient compliance, and
drug costs were compared between the two groups.

If the subject failed the initial treatment, the patient
was recommended for the remedial treatment after 6
months of outpatient follow-up. Patients in group A who
failed H. pylori eradication were treated with remedial
treatment using IAFB treatment administered in group B,
whereas those in group B were treated using IA regimen
from group A. For patients who failed the second treat-
ment, three gastric mucosal samples, including one sinus
sample and two gastric body samples, were collected
after the gastroscopy. Three samples were collected and
placed in H. pylori isolation and preservation tubes con-
taining the brain heart infusions. The H. pylori positive
strains were then tested by bacterial culture and drug
sensitivity test for clarithromycin, amoxicillin, levofloxa-
cin, furazolidone, tetracycline and metronidazole. The
drug sensitivity test was performed by the paper diffusion
method. The susceptibility, resistance or mediating effect
of each sample was also assessed according to the size of
the zone of inhibition (different antibiotics might have
different criteria for the size of the zone of inhibition).

The detailed exclusion criteria used were as follows:
(1) pregnant or lactating women; (2) with severe con-
comitant disease, malignancy; (3) history of allergy to
the study drug; (4) PPI or antibiotics administered within
the previous month; (5) bleeding from a severe ulcer; (6)
patients previously treated with anti-H. pylori drug. The
subjects were instructed by investigators to complete a
questionnaire about H. pylori, which included the gen-
der, age, race, education level, area of residence, lifestyle,
dietary habits, relevant information about their family
members and their past medical history.
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This clinical trial study was reviewed and approved by
the Ethics Committee of the Second Affiliated Hospital
of Hainan Medical University (No. LW2021038). A writ-
ten informed consent was obtained from all the partici-
pants and also from legal guardians of those participants
whose age was below 16 years of age. In addition, this
study was conducted in accordance with the Declaration
of Helsinki and other relevant regulations. This single-
center, open-label, noninferiority, randomized controlled
trial has been registered with the China Clinical Tri-
als Registry (www.chictr.org.cn) to evaluate the effect of
dual therapy with IA at high dose versus IAFB quadruple
therapy as first-line treatment for H. pylori infection in
Chinese patients. The first trial registration was done on
24/10/2021 (ChiCTR2100052308).

Calculation of sample size

Based on the previous literature, the eradication rate of
H. pylori was 91.2% [14]. In this study, a randomized con-
trolled trial with a non-inferiority design was conducted,
assuming an expected H. pylori eradication rate of 91.2%
in both the groups, a non-inferiority threshold of 5%,
a=0.025 (unilateral), certainty (1-f)=0.9, and ratio of the
number of cases in the test group to the number of con-
trols=1:1. The sample sizes of the test and control groups
were calculated using “Non- Inferiority Tests for the Dif-
ference Between Two Proportions” in the PASS 2021
software. Overall, 89 H. pylori-infected patients were
required in the test and control groups respectively, con-
sidering a 10% failure rate, and finally 200 patients with
H. pylori-positive chronic gastritis were needed. There-
after, 200 subjects were simply randomly assigned into
two different treatment groups (Fig. 1). All the enrolled
patients were included in the ITT analysis, and those
with unconfirmed H. pylori eradication status due to
follow-up failure were categorized as the treatment fail-
ures in the ITT analysis. However, the patients for whom
H. pylori eradication status data were not available were
excluded from the PP analysis due to lack of follow-up
data.

Drug information

Ilaprazole Enteric Tablets (Active Ingredient: Eprazole;
Lizhu Group Lizhu Pharmaceutical Factory; Zhujiang
City, Guangdong Province, China), Bismuth Citrate
Potassium Capsules (Active Ingredient: Bismuth Citrate
Potassium; Hunan Huana Pharmaceutical Factory Com-
pany Limited; Changsha City, Hunan Province, China),
Amoxicillin Capsules (Active Ingredient: Amoxicillin;
Hainan General Sanyo Pharmaceutical Co); Furazolidone
Tablets (Active ingredient: Furazolidone; Shanxi Yun-
peng Pharmaceutical Co., Ltd; Xianfen, Shanxi Province,
China) were used in this study.
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Treatments and follow-up

The IA-14-day group consisted of Ilaprazole (5.0 mg
twice daily, half an hour before meals) and amoxicillin
capsules (1 g three times daily, half an hour after meals)
for 14 days. The IAFB-14-day group comprised of Ilapra-
zole (5.0 mg twice a day half an hour before meals), bis-
muth citrate potassium capsules (120.0 mg twice a day
half an hour before meals), amoxicillin capsules (1 g twice
a day half an hour after meals), and furazolidone tablets
(0.1 g twice a day half an hour after meals) for 14 days.
The patients were given medication instructions dur-
ing the course of the treatment and were followed up by
phone on day nine or ten to determine their medication
experience. The patients were instructed not to smoke,
drink alcohol or eat acidic food during the treatment and
to stop intake of the drug for one month after the 14-day
course, with outpatient follow-up to investigate patient
compliance and AEs.

Outcome measurements

The primary outcome of this study was to determine the
potential efficacy of IA dual therapy in comparison to
IAFB quadruple therapy for H. pylori eradication rates
using the 13 C-UBT assay. A threshold value greater
than 2.4 defined patients with H. pylori and indicated
failure of eradication therapy. The secondary outcomes
consisted of medication compliance, AEs and cost asso-
ciated with different drugs. The Compliance was evalu-
ated 1-3 days after the treatment. Medication possession
rate (MPR) was defined as the proportion of days during
a fixed 14-day treatment that the patients had access to
medication, which was measured by patient pill counts.
80% of MPR was considered as a good compliance. AEs,
was classified as “mild” (discomfort without interruption
of the daily activities), “moderate” (interruption of their
daily activities to some extent) and “severe " (severe inter-
ruption of the daily activities). The cost of drugs for both
the treatment options were calculated according to the
2022 Hainan Drug Pricing Catalogue. The prices were
expressed in U.S. dollars, with Chinese currency con-
verted to U.S. dollars at the exchange rate published in
January 2022 was: $1.00=RMB 6.3588.

Statistical analysis

The various baseline characteristics, H. pylori eradica-
tion rates, AEs, and treatment compliance of patients
were analyzed using chi-square tests, Fisher’s exact test
and ANOVA. Noninferiority was established if 95% lower
confidence limit for the difference in eradication rates
between IA dual therapy and IAFB quadruple therapy
was > -0.14 with one-sided alpha level of 0.025. In addi-
tion, the different factors associated with H. pylori eradi-
cation were also analyzed. p values less than 0.05 were
considered as statistically significant.
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Fig. 1 A Schematic diagram representing the study design and results

Results

Baseline demographic and clinical characteristics of the
study subjects

There were no significant differences found in the
sociodemographic data between the two groups (2>0.05)
(Table 1).

Comparison of eradication rates between Group A and
Group B

It was found that during ITT analysis, eradication rate
was 92.1% (93/101; 95% CI 93.4%-98.7%) in Group A
and 91.9% (91/99; 95% CI 93.2%-98.87%) in the Group B
(Table 2). In the PP analysis, eradication rate was 94.9%
(93/98; 95% CI 95.2%-99.7%) in the Group A and 93.6%
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Table 1 Baseline demographics and clinical characteristics of
the study subjects between Group A and Group B

Group A Group B X2/t P
(n=101) (n=99)
Gender 0.504 0484
Male 52(51.5%) 46(46.5%)
Female 49(48.5%) 53(53.5%)
Age (yr) 41.14+£12784 4399+14.718 1.158 0.247
Ethnicity - 0.683
Han 97(96.0%) 97(98.0%)
Other ethnicity 4(4.0%) 2(2.0%)
Place of residence 2969 0.090
Downtown 50(49.5%) 61(61.6%)
County or Township  51(50.5%) 38(38.4%)
Personal monthly 0.060 0.868
income
<5000 78(77.2%) 75(75.8%)
>5000 23(22.8%) 24(24.2%)
Education status 0660 0451
High school or less  66(65.3%) 70(70.7%)
College or more 35(34.7%) 29(29.3%)
Drinking water 5536 0.065
Tap water 76(75.2%) 85(85.9%)
Purified water 15(14.9%) 5(5.1%)
Well water 10(9.9%) 9(9.1%)
Brushing times 1.000
1~2 97(96.0%) 95(96.0%)
>3 4(4.0%) 4(4.0%)

Data are expressed as mean+sd; categorical data are presented as number of
subjects and percentage in parentheses

Table 2 Eradication rates of H. pylori infection between Group A

and Group B

Group A Group B X2 P
T 92.19%(93/101)  91.9% (91/99)  0.002 1.000
95% Cl 93.4-98.7% 93.2-98.7%
PP 94.9% (93/98) 93.6% (89/95)  0.132 0.765
95% Cl 95.2-99.7% 96.2-97 4%

Cl, confidence interval; ITT, intention-to-treat; PP, per-protocol

Table 3 Drug-induced adverse effects and patient compliance
between Group A and Group B

Group A Group B X2 P

(n=101) (n=99)
Adverse events 14/101(13.9%) 17/99(17.2%) 0418 0.562
Abdominal distension  0(0%) 3(3.0%) - 0.119
Diarrhea 2(2.0%) 0(0%) - 0.498
Nausea 4(4.0%) 3(3.0%) - 1.000
Dizziness 4(4.0%) 3(3.0%) - 1.000
Palpitations 1(1.0%) 2(2.0%) - 0619
Skin rash 1(1.0%) 2(2.0%) - 0619
Black stool 1(1.0%) 2(2.0%) - 0619
Constipation 1(1.0%) 2(2.0%) - 0619
Compliance 96/101(95.1%)  85/99(87.9%) 4.912 0.031

Compliance was indicative of patients who took at least 80% of study drugs
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(89/95; 95% CI 96.2%-97.4%) in the Group B. There was
no significant difference in eradication rates between the
two groups (P=1.000 and P=0.765 in ITT and PP analy-
ses, respectively).

Drug-induced AEs, patient compliance, and drug cost
between Group A and Group B

The AEs that occurred during eradication therapy
included nausea, diarrhea, dizziness, taste changes, rash,
and black stools, etc. As depicted in Table 3, there was no
significant differences in treatment-related AEs between
group A and group B (13.9% and 17.2%, respectively).
The compliance was significantly higher in the group
A (95.1%, 96/101) than in the group B (87.9%, 85/99)
(P=0.031). The cost for group A was $51.67 ($50.32 for
28 Ilaprazole enteric tablets and $1.35 for 168 amoxicil-
lin capsules), which was relatively less costly compared
with $55.71 for group B ($50.32 for 28 Ilaprazole enteric
tablets, $3.21 for 28 sachets of bismuth potassium citrate
capsules, $0.90 for 112 amoxicillin capsules, and $1.28 for
280 furazolidone).

Factors associated with H. pylori eradication

The eradication rate of Group A was associated with
often washing hands after urinating (P=0.042). However,
various other important factors such as gender, utensils
for public use, consumption of fruits and vegetables, fam-
ily history of H. pylori infection and gastrointestinal (GI)
symptoms etc. were not observed to be associated with
the eradication rate of H. pylori in the univariate corre-
lation analysis in Group A or Group B or Group A+B
(P>0.05) (Table 4). When multifactorial analysis was
conducted, we used gender in for correction and did not
find a single meaningful variable in Group A (Table 5).

Remedial therapy in patients with H. pylori eradication
failure

It was observed that there were five patients in group A
who failed H. pylori eradication, one of whom refused a
second treatment and four of whom received IAFB treat-
ment from the group B. Overall, In the end, 3 cases were
successfully eradicated, but in 1 case eradication was
not successful. This patient with second failed eradica-
tion was found to be resistant to clarithromycin, levo-
floxacin, and metronidazole, but sensitive to amoxicillin,
furazolidone, as well as doxycycline receiving bismuth-
containing quadruple therapy with furazolidone and dox-
ycycline and the H. pylori infection was finally eradicated
successfully.

However, in group B, 6 patients who failed H. pylori
eradication received IA dual therapy from group A. Ulti-
mately, 5 case were successfully eradicated but 1 case
failed to eradication. This patients with second failed
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Table 4 Factors affecting eradication of H. pylori infection

Group A Group B Group A+B(n=193)
(n=98) (n=95)

Gender P=0.367 P=0.211 Xx2=0.086,P=1.000
Male 48/52(92.3%) 43/44(97.7%) 91/96(94.8%)
Female 45/46(97.8%) 46/51(90.2%) 91/97(93.8%)

ethnicity P=0.192 P=1.000 P=03
Han 90/94(95.7%) 87/93(93.5%) 177/187(94.7%)
Other ethnicity 3/4(75%) 2/2(100%) 5/6(83.3%)

Place of residence P=0.364 P=0403 Xx2=0.000, P=1.000
Downtown 46/47(97.9%) 54/59(91.5%) 100/106(94.3%)
County or Township 47/51(92.2%) 35/36(97.2%) 82/87(94.3%)

Education status P=0.345 P=1.000 x2=0316,P=0.574
High school or less 61/63(96.8%) 62/66(93.9%) 123/129(9.3%)
College or more 32/35(91.4%) 27/29(93.1%) 59/64(92.2%)

Personal monthly income P=1.000 P=0.135 X2=0539P=0463
<5000 72/76(94.7%) 70/73(95.9%) 142/149(95.3%)
>5000 21/22(95.5%) 19/22(86.4%) 40/44(90.9%)

Utensils for public use P=1.000 P=0.670 x2=0.000, P=1.000
Often 62/66(93.9%) 56/59(94.9%) 118/125(94.4%)
Rarely 31/32(96.9%) 33/36(91.7%) 64/68(94.1%)

Washing hands after urinating P=0.042 P=0.344 x2=0.095,P=0.758
Often 78/80(97.5%) 70/76(92.1%) 148/156(94.9%)
Rarely 15/18(83.3%) 19/19(100%) 34/37(91.9%)

Consumption of fruits and vegetables P=1.000 P=0.408 Xx2=0.063P=0.802
Often 45/47(95.7%) 55/60(91.7%) 100/107(93.5%)
Rarely 48/51(94.1%) 34/35(97.1%) 82/86(95.3%)

History of H. pylori infection in family members P=0321 P=1.000 x2=0611P=0434
Yes 26/26(100%) 18/19(94.7%) 44/45(97.8%)

No 67/72(93.1%) 71/76(93.4%) 138/148(93.2%)

Gastrointestinal symptoms P=0.334 P=1.000 Xx2=0.165P=0.685
Yes 72/75(96.0%) 47/50(94.0%) 119/125(95.2%)

No 21/23(91.3%) 42/45(93.3%) 63/68(92.6%)

Eating betel nut P=0.129 P=1.000 ¥2=0.033 P=0.856
Yes 11/13(84.6%) 10/10(100%) 21/23(91.3%)

No 82/85(96.5%) 79/85(92.9%) 161/170(94.7%)

Drinking water P=1.000 Xx2=0.302, P=1.000 Xx2=0.740,P=0.844
Tap water 70/74(94.6%) 75/81(92.6%) 145/155(93.5%)
Purified water 13/14(92.9%) 5/5(100%) 18/19(94.7%)

Well water 10/10(100%) 9/9(100%) 19/19(100%)

Brushing times P=1.000 P=1.000 P=1.000
1~2 89/94(94.7%) 85/91(93.4%) 174/185(94.1%)
>3 4/4(100%) 4/4(100%) 8/8(100%)

History of gastric cancer in immediate family P=1.000 P=1.000 P=1.000
Yes 7/7(100%) 2/2(100%) 9/9(100%)

No 86/91(94.5%) 87/93(93.5%) 173/184(94.0%)

Table 5 Multifactorial analysis of factors associated with H. pylori

infection successful eradication in Group A eradication refused to H. pylori drug sensitivity testing

and re-eradication treatment.

Factors B S.E.B Wald P OR (95%Cl)

X2 . .
Female 20976 4578514 0 0996 1,287,017,905 Discussion
Often Washing 21336 4578514 0 099 0 Wlth bismuth-containing quadruple therapy emerging
hands after as the first-line therapy for the eradication of H. pylori,
urinating the rate of H. pylori eradication has decreased primarily

because multiple drug compositions might increase the
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incidence of AEs, thereby decreasing the patient compli-
ance and leading to failure of H. pylori eradication [15]. It
has been established that especially in older age groups,
poor tolerance of AEs as well as the more complex and
less easily understood drug instructions for all the four
drugs can result in poor patient compliance and lead to
H. pylori eradication failure [16, 17].

In addition, compliance with medication is also critical
for the successful eradication of H. pylori. We further rec-
ognize that dosing times is also important for compliance.
Tid regimen (Group A) was administered three times a
day, which could have effectively increased patient bur-
den and reduced compliance. However, we still believe
that the tid regimen (Group A) might be relatively bet-
ter than the bid regimen (Group B). Our diphtherapy
was administered three times a day, coinciding with the
number of daily meals, which may increase patient com-
pliance, but of course did not help patients with irregu-
lar diets. In addition, there are several important factors
that can potentially affect patient compliance, such as the
complexity of the medication administered as well as the
side effects of the medication. Multiple drug composi-
tions in bid regimen (Group B) might also increase the
incidence of adverse reactions and thereby reduce patient
compliance. It has been found that especially in the
elderly population, poor tolerance of adverse reactions
and the more complex and less easily understood drug
descriptions of the four drugs might contribute to the
poor patient compliance and can in turn lead to failure
of H. pylori eradication. Tid regimen (Group A) only con-
sists of two main drugs, high-dose amoxicillin, which acts
primarily as a bactericidal agent, and PPI, which func-
tions to maintain a high pH in the stomach. Amoxicillin
can exhibit a robust and stable bactericidal effect when
its blood concentration is approximately ten times higher
than the minimum inhibitory concentration (MIC) [18,
19]. Hence, in order to achieve a high eradication rate of
H.pylori and to maintain a sufficiently high blood con-
centration, we decided to administer a single dose of 1 g
amoxicillin with a dosing frequency of three times a day.
For PPI, we selected Ilaprazole, which has a relatively lon-
ger acid inhibition time and is not affected by CYP2C19
gene polymorphism [9, 10]. There are few prior reports
related to 7-day or 10-day H. pylori regimens, especially
regimens containing Ilaprazole diphtheria or quadruple
therapy. The effect of the 10-day regimen and the 7-day
regimen can be investigated in detail in the future. In
recent years, vonorasen fumarate has gained significant
attention as a new acid inhibitor and its inhibitory effect
on gastric acid has been found to be stronger than that
of PPI [20]. Vonorasen diphtherapy has the advantages of
high eradication rate of H. pylori, low rate of AEs, short
course of treatment, less combination of drugs, reduced
impact on intestinal microbiota in comparison with the
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traditional quadruple therapy containing PPI [21]. At
present, there are few studies describing the impact of
vonorazole in China, especially the effect of vonorazole
on high-dose diphtherapy as well as quadruple therapy
still needs to analyzed in depth.

We also observed in our study, that regularly washing
hands after urinating was correlated with the success of
H. pylori eradication in IA dual therapy. When we con-
ducted a multifactorial analysis, we selected gender [16]
in for correction and did not find a single meaning-
ful variable, which could be directly related to the small
total sample size and the large difference in sample size
between the eradication success and failure groups. In
addition, we also combined the analysis of IA dual ther-
apy and quadruple therapy into two different groups,
with 182 cases in the eradication success group and 11
cases in the failure group, to identify meaningful factors
for H.pylori eradication success, but ultimately no mean-
ingful factors were found. Hence, future multicenter
clinical studies could be conducted to further clarify the
different factors involved.

It may be possible that betel nut chewing can alter the
oral and gastric PH, affect the colonization of normal
flora and decreases saliva secretion, thereby causing the
local bactericidal effect of the oral cavity weaker and sig-
nificantly increasing the risk of H. pylori infection [22].
In our study, betel nut chewing was not found to be cor-
related with the failure of H. pylori eradication in both
groups. The relevant mechanism underlying this obser-
vation still needs to be further studied.

The efficacy of our bismuth-containing quadruple ther-
apy was relatively high and similar to those reported in
some previously performed studies in China [23, 24]. The
success of H.pylori eradication could be influenced by
several factors, including acid inhibition level, antibiotic
resistance, patient compliance, host factors and bacte-
rial factors [15, 25]. Moreover, various host related fac-
tors such as gender, old age, smoking, ethnicity, H.pylori
colonization site, and diabetes have been associated
with H.pylori eradication failure [15, 25]. We have car-
ried out H.pylori culture and drug sensitivity in the past
in Hainan and found that H.pylori was more sensitive to
amoxicillin, furazolidone, and tetracycline and resistant
to metronidazole. In this study, amoxicillin, furazolidone,
Ilaprazole, and bismuth potassium citrate were selected
for the bismuth-containing quadruple therapy based on
excellent superiority [9, 10, 20]. A number of prior stud-
ies have demonstrated that bismuth used in the treatment
of H. pylori has a short cycle time, low absorption rate,
and relatively high clinical safety [12, 26-28]. A meta-
analysis conducted by Alexander C Ford et al. reported
that bismuth can increase the susceptibility of H. pylori
to antibiotics and has a high safety and tolerability pro-
file for H pylori-infected patients over the age of 16 years
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[28]. Here are other reasons for our high quadruple erad-
ication rate. The course of treatment can also affect the
rate of H. pylori eradication. For instance, in PPI-based
quadruple therapy, the effect of 14 days was significantly
higher than that of 7 and 10 days [29, 30]. Our treatment
reached enough time for H. pylori eradication. Diabetes
has also been associated with H. pylori eradication fail-
ure. Our study population excluded people with chronic
diseases such as those affected with concomitant diabetes
and hypertension. Smoking serves as an unfavorable fac-
tor for the failure of H. pylori eradication because it not
only stimulates the secretion of gastric acid, but can also
substantially reduce the secretion of bicarbonate from the
duodenum and pancreas, thereby resulting in a pH of <6
in the stomach, which can negatively affect the therapeu-
tic effect [31]. Before initiation of the treatment regimen,
we instructed patients during the telephone follow-up to
abstain from smoking and acidic food consumption while
taking the medication during the course of the treatment.
Patient compliance was observed to be high throughout
the process. Our clinic is primarily a H. pylori-specific
clinic, where doctors and nurses are dedicated to educat-
ing patients about H. pylori treatment and answering all
their queries carefully. The patients with underlying med-
ical condition are different as it can have an impact on H.
pylori eradication. H. pylori eradication rate in gastritis,
gastric ulcers and duodenal ulcers has been reported to
be different [32]. Our study only included patients with
H. pylori infection who were essentially gastroscopi-
cally as well as pathologically confirmed to have chronic
gastritis.

The Maastricht VI/Florence consensus and 2022 Chi-
nese national clinical practice guidelines on H. pylori
eradication treatment clearly state that both bismuth
quadruple therapy and high-dose dual therapy could be
prescribed for initial and second eradication treatments
[1, 33]. In another elegant study, Han et al. compared
the efficacy of high-dose diphtherapy and bismuth-con-
taining quadruple therapy as remedial treatment option
for H. pylori, with no significant difference observed in
eradication rates [34]. High-dose diphtherapy can effec-
tively increase the dose and frequency of effective drugs,
simplify the treatment regimens, reduce the use of non-
essential drugs, and is safe as well as inexpensive. It can
also improve patient acceptance and compliance, reduce
the rate of H. pylori drug resistance, and has emerged as
a new and effective therapy against H. pylori infection
[34]. This observation is also reflected in our study results
that high-dose diphtherapy and bismuth-containing qua-
druple therapy can be potentially used as first-line regi-
mens for H. pylori salvage therapy. However, because of
the high success rate of initial treatment in this study and
relatively small sample size entering remedial therapy, the
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results of this phase of the study still need to be further
validated by additional data from larger studies.

It has been established that identification of strain
profiles in different geographic regions and bacterial
virulence factors are often associated with risk of severe
disease that can provide useful information for personal-
ized eradication therapy for H. pylori. Personalized ther-
apy for H. pylori is an option and cannot only improve
H. pylori eradication rates but also significantly reduce
antibiotic resistance. We found that the prevalence of H.
pylori infection in Hainan is relatively high, the number
of refractory infections is increasing rapidly, the impact
of drug resistance is unclear, and the choice of clinical
eradication drug regimens lacks reliable reference. Our
team is currently conducting research on the distribu-
tion of H. pylori culture and drug resistance in Hainan,
and we believe that we will be able to obtain results soon.
Based on national and international H. pylori consensus,
local drug sensitivity results and local clinical experience,
we have identified our two H. pylori eradication protocols
(dual therapy with IA at high dose versus IAFB quadruple
therapy). Antibiotic susceptibility testing (AST)-guided
triple therapy and triple therapy can on average, provide
moderate to large clinical benefit in comparison with
empiric therapy [1, 33]. However, in China, antibiotic
susceptibility can markedly reduce the feasibility and
clinical availability, and not all health care facilities pos-
sess the capacity to offer these tests. Thus, routine use of
the test may lead to inequitable access to the healthcare.
Overall, the Guideline Development Group (GDG) con-
cluded that the benefits of using AST to guide the therapy
can outweigh the potential adverse effects and that its use
should be encouraged at least in people on second-line
therapy or with a history of treatment failure [33].

The study has few limitations. Firstly, the study is char-
acterized by single center, small sample size and hence
cannot be generalized. Secondly, due to the limitations
associated with the culture of H. pylori, drug resis-
tance analysis and genotyping analysis, monitoring of
CYP2C19, gastric pH and blood concentration of both
drugs were not performed, and all the above indicated
factors might also affect the final results.

In conclusion, IA dual therapy was found to be equally
effective and safer and less costly in comparison to IAFB
quadruple therapy. Therefore, these therapies can be con-
sidered as first-line regimens for empirical treatment.
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