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Abstract
To evaluate potency and safety of 14-day bismuth–furazolidone quadruple regimens and to compare efficacies of five pro-
ton pump inhibitors (PPIs) for the initial eradication of Helicobacter pylori (H. pylori), 175 eligible patients were enrolled 
and randomly assigned to 14-day quadruple regimens consisting of bismuth (400 mg), amoxicillin (1 g), furazolidone 
(100 mg), and a PPI, twice a day. PPIs used were Group A (pantoprazole capsules, 40 mg), Group B (pantoprazole tablets, 
40 mg), Group C (lansoprazole, 30 mg), Group D (esomeprazole, 20 mg), and Group E (rabeprazole, 10 mg). H. pylori 
status was reassessed by 13C urea breath test on day 56 as the primary outcome. Gastrointestinal symptoms, parenteral side 
effects, compliance, and stool type were recorded simultaneously. The total eradication rates were 86.9% (152/175 [95% CI 
80.9–91.5%]) and 95.6% (152/159 [91.1–98.2%]) by intention-to-treat (ITT) and per-protocol (PP) analysis. The efficacies 
of Group A, B, C, D, and E by ITT analysis were 91.4% (32/35 [76.9–98.2%]), 85.7% (30/35 [69.7–95.2%]), 88.6% (31/35 
[73.3–96.8%]), 85.7% (30/35 [69.7–95.2%]), and 82.9% (29/35 [66.4–93.4%]) (p > 0.05). In the PP analysis, the efficacies 
were 97.0% (32/33), 93.8% (30/32), 93.9% (31/33), 100% (30/30), and 93.5% (29/31) (p > 0.05). Gastrointestinal symptoms 
and stool type were improved significantly (p < 0.05). Total side effects rate and poor compliance rate were 15.7% (25/159) 
and 5.0% (8/159). Fourteen-day bismuth–furazolidone quadruple regimens are of high potency and safety for the initial 
eradication of H. pylori. Efficacies of different PPIs and different dosages (9–32 mg omeprazole equivalents) showed no 
significant difference. The appropriate PPI can thus be chosen by clinicians.
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PP  Per-protocol
BMI  Body mass index
b.i.d  Bis in diē/twice a day
t.i.d  Ter in diē/three times a day
q.i.d  Quater in diē/four times a day

Introduction

Helicobacter pylori (H. pylori), a Gram-negative bacterium 
that colonizes adjacent to the gastric mucosa, is reported 
to be associated with a range of gastrointestinal diseases, 
such as gastritis, peptic ulcer, gastric cancer, and mucosa-
associated lymphoid tissue lymphoma [1]. The prevalence 
of H. pylori infection differs from region to region. Nearly 
half of the world’s population is infected with H. pylori [2]. 
Although the prevalence of H. pylori infection has decreased 
on a global scale, it remains a serious concern in China 
with a prevalence of 66% among rural populations and 47% 
among urban populations [3]. The Kyoto global consensus 
report on H. pylori gastritis has defined it as an infectious 
disease and suggested that all populations infected with H. 
pylori should receive eradication treatment [4]. The recent 
fifth Chinese national consensus report on the management 
of H. pylori infection, in accordance with the Maastricht 
V/Florence consensus report, recommended a test-and-
treat strategy for uninvestigated dyspepsia patients for the 
consideration of regional prevalence and cost–benefit ratio 
[5, 6]. Therefore, the selection of a cost-effective and safe 
regimen for the initial eradication of H. pylori is urgently 
needed in China.

Standard triple regimens failed to reach 80% efficacy 
due to antibiotic resistance, poor compliance, high gas-
tric acidity, high bacterial load, and cytochrome P450 
2C19(CYP2C19) polymorphism [7]. Resistance rates 
toward clarithromycin, metronidazole, levofloxacin, amoxi-
cillin, and furazolidone in the southeast coastal region of 
China were 21.5, 95.4, 20.6, 0.1, and 0.1%, respectively [8]. 
A recent multi-region prospective 7-year study in China 
reported no resistance toward furazolidone among H. pylori 
strains isolated from 1117 patients [9]. As a broad-spec-
trum nitrofuran antimicrobial, furazolidone is not available 
in many western countries due to concern of potential car-
cinogenicity. However, the carcinogenic effects of furazo-
lidone have only been observed in animals. The WHO listed 
furazolidone as a Class III carcinogen, and there is no direct 
evidence to support its carcinogenic effect in humans [10]. 
Besides, bismuth can eradicate H. pylori and synergize with 
other antimicrobials as a topical antimicrobial [11]. Based 
on the supply and availability of bismuth and furazolidone, 
bismuth–furazolidone quadruple regimen consisting of a 
proton pump inhibitor (PPI), amoxicillin, furazolidone, and 
bismuth is the most popular regimen in the southeast coastal 

region of China among the seven regimens recommended by 
the fifth Chinese national consensus report.

As a component of bismuth-containing quadruple regi-
mens, PPIs play an important role in the eradication of H. 
pylori. Different drugs, doses, dosing intervals, dosing in 
relation of meals, formulations, frequencies and therapy 
durations are factors that influence the outcome of eradi-
cation therapy [11, 12]. Numerous studies have reported 
a comparison among efficacies of two or three PPIs in 
standard triple regimens [13–17]; however, prospective 
clinical trial studying the efficacies of four or more PPIs 
in bismuth–furazolidone quadruple regimens is still lack-
ing. In this study, we prospectively compared the efficacies 
of five PPIs in bismuth–furazolidone quadruple regimens 
(PPI + amoxicillin + furazolidone + bismuth). Simultane-
ously, changes in gastrointestinal symptoms and stool type 
after the eradication of H. pylori were recorded. Parenteral 
side effects and compliance with different regimens were 
compared.

We aimed to evaluate the potency and safety of 14-day 
bismuth–furazolidone quadruple regimens for the initial 
eradication of H. pylori and to provide credible evidence to 
justify the clinical use of different PPIs.

Methods

Patients

This prospective, open-label, randomized trial (registration 
number: ChiCTR-IPR-16010286, http://www.chict r.org.cn/
showp roj.aspx?proj=17499 ) was performed at Sir Run Run 
Shaw Hospital, Zhejiang Province, China from December 
2016 to August 2017. Research data were stored and shared 
in ResMan Research Manager. Patients aged between 18 
and 70 years were enrolled if they were diagnosed positive 
for H. pylori gastritis in the past month by gastroscopy and 
histological examination. Patients with any of the following 
criteria were excluded from this study: previous H. pylori 
eradication treatment failure; confirmed or suspected upper 
gastrointestinal malignant tumor as identified by gastroscopy 
and tissue biopsy; peptic ulcer or other upper gastrointestinal 
lesions; the use of antacids or gastric mucosal protective 
agents in the past 2 weeks; the use of antibiotics or probiot-
ics in the past month; known allergy to drugs in this study; 
a history of gastric surgery or intestinal disease; decom-
pensated cardiac, liver, renal, or pulmonary illness; thyroid 
disease or diabetes mellitus; pregnant and lactating women; 
and non-cooperative patients.

http://www.chictr.org.cn/showproj.aspx?proj=17499
http://www.chictr.org.cn/showproj.aspx?proj=17499
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Procedure

In total, 175 eligible patients were enrolled and randomly 
assigned to receive one of the five 14-day bismuth–furazo-
lidone quadruple regimens. The randomization sequence 
was generated by a computer algorithm. The quadru-
ple regimens included PPI + amoxicillin (1000  mg, 
b.i.d) + furazolidone (100 mg, b.i.d) + colloidal bismuth 
pectin (0.4 g, b.i.d). The PPIs used in the five regimens 
were Group A (SOMAC, pantoprazole sodium enteric-
coated capsules; Hangzhou Zhongmei Huadong Phar-
maceutical Co., Ltd.; 40 mg, b.i.d), Group B (Pantoloc, 
pantoprazole enteric-coated tablets; Takeda GmbH, 
Oranienburg; 40 mg, b.i.d), Group C (Takepron, lanso-
prazole enteric-coated capsules; Takeda Pharmaceutical 
Co., Ltd.; 30 mg, b.i.d), Group D (Nexium, esomeprazole 
magnesium enteric-coated tablets; AstraZeneca Pharma-
ceutical Co., Ltd.; 20 mg, b.i.d), and Group E (Pariet, 
rabeprazole sodium enteric-coated tablets; Eisai Co., 
Ltd.; 10 mg, b.i.d). H. pylori status was reassessed by 13C 
urea breath test 6 weeks after the completion of treatment 
(day 56) as the primary outcome of this study; H. pylori-
negative status indicated the success of eradication treat-
ment. Gastrointestinal symptoms in patients were assessed 
by investigators on day 0 and day 56 using a simplified 
Gastrointestinal Symptom Rating Scale (GSRS). The sim-
plified GSRS includes 15 items, and each item contains 
scores from 0 to 3(0 for none, 1 for mild, 2 for moderate, 
and 3 for severe). The Bristol Stool Scale (BSS) was used 
to record chief stool type in the previous month on day 0 
and day 56. Type 1 to type 7 transited gradually from hard 
stool to liquid stool, type 4 being the optimal stool type. 
Parenteral adverse effects and compliance were recorded 

simultaneously (Fig. 1). Patients who took less than 80% 
of the total dose were poorly compliant.

Statistical analysis

The primary outcome was assessed by intention-to-treat 
(ITT) and per-protocol (PP) analysis. All patients who vio-
lated the protocol, such as those lost to follow-up or with-
drew, were excluded from the PP analysis. In the ITT analy-
sis, patients who dropped out were considered as treatment 
failures. Categorical data were analyzed by χ2 test or Fisher’s 
exact test, and 95% confidence intervals were calculated for 
ITT and PP analyses. Baseline continuous data were pre-
sented as mean ± standard deviation (SD) and were analyzed 
by one-way ANOVA. GSRS scores were presented as the 
mean ± standard error (SE). Absolute values of BSS scores 
subtracting 4 were taken and reported as the mean ± standard 
error (SE). Differences in the two scores above-mentioned 
between day 0 and day 56 were both compared first by all 
subjects and then by subgroups with Wilcoxon signed rank 
test. All statistical tests were two-tailed; p < 0.05 was con-
sidered statistically significant. Statistical analyses were per-
formed using SPSS 19.0 for Windows (SPSS Inc., Chicago, 
IL, USA).

Results

Patient data

In total, 175 eligible patients (73 male/102 female) were 
enrolled and randomly assigned to five bismuth–furazo-
lidone quadruple regimens. Each regimen included 35 

Fig. 1  Study design. R, 
randomly assigned; SOMAC, 
pantoprazole sodium enteric-
coated capsules; Pantoloc, 
pantoprazole enteric-coated 
tablets; Takepron, lansoprazole 
enteric-coated capsules; Nex-
ium, esomeprazole magnesium 
enteric-coated tablets; Pariet, 
rabeprazole sodium enteric-
coated tablets; UBT, 13C urea 
breath test; GSRS, gastrointesti-
nal symptom rating scale; BSS, 
bristol stool scale
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patients at baseline. Finally, 159 patients (90.9%) completed 
the study and 16 patients (9.1%) dropped out (Fig. 2). No 
significant difference was observed among the five groups 
with regard to baseline characteristics (Table 1).

Eradication rates of different regimens

The total eradication rate of the 14-day bismuth–fura-
zolidone quadruple regimens was 86.9% (152/175 [95% 
CI 80.9–91.5%]) by ITT analysis and 95.6% (152/159 
[91.1–98.2%]) by PP analysis. The eradication rates of the 
five regimens by ITT analysis were as follows: SOMAC, 
91.4% (32/35 [76.9–98.2%]); Pantoloc, 85.7% (30/35 
[69.7–95.2%]); Takepron, 88.6% (31/35 [73.3–96.8%]); 
Nexium, 85.7% (30/35 [69.7–95.2%]); Pariet, 82.9% 
(29/35 [66.4–93.4%]). In the PP analysis, the eradi-
cation rates were as follows: SOMAC, 97.0% (32/33 

[84.2–99.9%]); Pantoloc, 93.8% (30/32 [79.2–99.2%]); 
Takepron, 93.9% (31/33 [79.8–99.3%]); Nexium, 100% 
(30/30 [88.4–100%]); Pariet, 93.5% (29/31 [78.6–99.2%]). 
No significant difference was observed in both the ITT 
analysis and PP analysis (Table 2).

Dose–response effect of different PPIs

All of the PPIs used in our study were converted to ome-
prazole equivalents based on research on PPI equivalents 
[18, 19]. 40 mg pantoprazole, 10 mg rabeprazole, 30 mg 
lansoprazole and 20 mg Nexium were equivalent to 9, 18, 
27 and 32 mg omeprazole equivalent, respectively. Finally, 
efficacies of 9, 18 mg and approximately 30 mg omepra-
zole equivalents were compared and no significant differ-
ence was observed (Table 3).

Fig. 2  Patient flowchart. Group 
A, SOMAC; Group B, Pantoloc; 
Group C, Takepron; Group D, 
Nexium; Group E, Pariet; ITT, 
intention-to-treat; PP, per-
protocol

Table 1  Baseline characteristics 
of study patients

BMI, body mass index; Group A, SOMAC; Group B, Pantoloc; Group C, Takepron; Group D, Nexium; 
Group E, Pariet
a Data are presented as mean ± SD
b Data are presented as n (%)

Characteristic Group A Group B Group C Group D Group E p value

Age (years)a 43.20 ± 12.45 42.63 ± 13.19 45.89 ± 13.63 43.69 ± 12.64 42.94 ± 12.04 0.837
BMIa 22.66 ± 3.25 22.41 ± 2.90 23.13 ± 2.18 22.46 ± 2.42 22.32 ± 3.54 0.783
Gender 0.236
 Maleb 12 (34.3%) 17 (48.6%) 16 (45.7%) 10 (28.6%) 18 (51.4%)
 Femaleb 23 (65.7%) 18 (51.4%) 19 (54.3%) 25 (71.4%) 17 (48.6%)

Smokingb 4 (11.4%) 5 (14.3%) 7 (20.0%) 3 (8.6%) 5 (14.3%) 0.713
Alcoholb 6 (17.1%) 7 (20.0%) 8 (22.9%) 2 (5.7%) 3 (8.6%) 0.195
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Change of gastrointestinal symptoms and stool type 
after eradication treatment for H. pylori

The total GSRS score decreased significantly from day 0 
to day 56(5.48 ± 0.32 vs. 2.76 ± 0.24, p < 0.05), and 12 of 
15 gastrointestinal symptoms were observed to have promi-
nent remission (p < 0.05). Only the scores of increased fla-
tus (p = 0.050), hard stools (p = 0.105) and urgent need for 
defecation (p = 0.280) decreased without statistical signifi-
cance (Table 4). Detailed symptom changes in each group 
were listed in Supplementary material 1. Lansoprazole and 
rabeprazole were observed to relieve more symptoms than 
pantoprazole and esomeprazole. Furthermore, the stool type 
was improved distinctly after eradication treatment when 
compared to baseline by all subjects (p < 0.01) (Table 5). 
When compared in each group, Group B (Pantoloc, pan-
toprazole enteric-coated tablets) reported most prominent 
stool improvement. 

Parenteral adverse effects and compliance

The rate of total parenteral adverse effects was 15.7% (25/159), 
and a significant difference was observed among the five 
groups (p = 0.018). In terms of individual parenteral adverse 
effects, the rates of fever were significantly different among 
the different groups (p < 0.05) (Table 6). Further subgroup 
analysis revealed that the rate of parenteral adverse effects was 

higher with SOMAC (33.3%) than Takepron (6.1%, p = 0.005), 
Nexium (10.0%, p = 0.026) and Pariet (9.7%, p = 0.022). The 
parenteral adverse effects in this study included pruritus, neu-
ritis, headache, dizziness, and fever. Pruritus occurred most 
frequently in this study. These adverse effects were self-lim-
ited. The total rate of poor compliance was 5.0% (8/159) and 
different regimens showed similar outcome (Table 6).

Discussion

Because standard triple therapies have failed to achieve 
acceptable efficacies due to the high rate of antibiotic resist-
ance, a 14-day bismuth-containing quadruple regimen was 

Table 2  Efficacies of different PPI-based bismuth–furazolidone quad-
ruple regimens

ITT, intention-to-treat; PP, per-protocol; Group A, SOMAC; Group 
B, Pantoloc; Group C, Takepron; Group D, Nexium; Group E, Pariet

ITT 95% CI PP 95% CI

Group A 91.4% (32/35) 76.9–98.2% 97.0% (32/33) 84.2–99.9%
Group B 85.7% (30/35) 69.7–95.2% 93.8% (30/32) 79.2–99.2%
Group C 88.6% (31/35) 73.3–96.8% 93.9% (31/33) 79.8–99.3%
Group D 85.7% (30/35) 69.7–95.2% 100% (30/30) 88.4–100%
Group E 82.9% (29/35) 66.4–93.4% 93.5% (29/31) 78.6–99.2%
p value 0.861 0.678
Total 86.9% 

(152/175)
80.9–91.5% 95.6% 

(152/159)
91.1–98.2%

Table 3  Efficacies of PPIs with different dosages based on omepra-
zole equivalents

ITT intention-to-treat; PP per-protocol

Dosage ITT 95% CI PP 95% CI

9 mg 88.6% (62/70) 78.7–94.9% 95.4% (62/65) 87.1–99.0%
18 mg 82.9% (29/35) 66.4–93.4% 93.5% (29/31) 78.6–99.2%
~ 30 mg 87.1% (61/70) 77.0–93.9% 96.8% (61/63) 89.0–99.6%
p value 0.713 0.763

Table 4  GSRS (gastrointestinal symptom rating scale) scores on day 
0 and day 56 (n = 159)

Data are presented as the mean ± SE. The p values are for differences 
of gastrointestinal symptom rating scale scores between day 0 and 
day 56 (Wilcoxon signed rank test)

Variable Day 0 Day 56 p value

Abdominal pains 0.42 ± 0.05 0.30 ± 0.05 < 0.05
Abdominal distension 0.65 ± 0.05 0.26 ± 0.04 < 0.05
Borborygmus 0.42 ± 0.05 0.24 ± 0.04 < 0.05
Increased flatus 0.33 ± 0.05 0.21 ± 0.04 0.050
Increased passage of stools 0.18 ± 0.03 0.11 ± 0.03 < 0.05
Decreased passage of stools 0.11 ± 0.03 0.03 ± 0.02 < 0.05
Loose stools 0.37 ± 0.05 0.22 ± 0.04 < 0.05
Hard stools 0.31 ± 0.05 0.20 ± 0.04 0.105
Urgent need for defecation 0.28 ± 0.04 0.21 ± 0.04 0.280
Feeling of incomplete evacuation 0.40 ± 0.05 0.22 ± 0.04 < 0.05
Eructation 0.65 ± 0.06 0.21 ± 0.04 < 0.05
Acid regurgitation 0.52 ± 0.05 0.17 ± 0.03 < 0.05
Heartburn 0.30 ± 0.04 0.11 ± 0.03 < 0.05
Nausea and vomiting 0.25 ± 0.04 0.13 ± 0.03 < 0.05
Sucking sensations in the epi-

gastrium
0.29 ± 0.04 0.13 ± 0.03 < 0.05

Total score 5.48 ± 0.32 2.76 ± 0.24 < 0.05

Table 5  Bristol stool scale score changes after H. pylori eradication 
therapy

Data was presented as mean ± SE
Group A, SOMAC; Group B, Pantoloc; Group C, Takepron; Group 
D, Nexium; Group E, Pariet

∣Day 0 score-4∣ ∣Day 56 score-4∣ p value

Group A 0.73 ± 0.14 0.53 ± 0.15 0.189
Group B 0.70 ± 0.13 0.25 ± 0.09 < 0.05
Group C 0.76 ± 0.14 0.58 ± 0.12 0.374
Group D 0.80 ± 0.19 0.58 ± 0.18 0.309
Group E 0.60 ± 0.14 0.39 ± 0.12 0.176
Total 0.72 ± 0.07 0.47 ± 0.06 < 0.05



574 Clinical and Experimental Medicine (2018) 18:569–576

1 3

recommended as first-line therapy for the initial eradica-
tion of H. pylori. According to a real-world Asia–Pacific 
H. pylori survey, it is the most commonly used regimen in 
China [20]. A recent large-sample study, which investigated 
the susceptibility of 16 antibiotics in China, reported that 
resistance rates toward amoxicillin and furazolidone were 
1.58 and 1.49%, respectively; however, resistance rates 
toward clarithromycin and metronidazole were 22.73 and 
92.53%, respectively [21]. Furazolidone was more frequently 
used in China and Iran. Although 200 mg b.i.d was the rec-
ommended dosage of furazolidone in furazolidone–bis-
muth quadruple therapy in Iran, 14-day regimens includ-
ing 100 mg q.i.d furazolidone and 250 mg q.i.d tetracycline 
achieved the optimal outcome with a success rate of 94.5% 
by ITT and PP analyses in Iran [12]. Lessons from China 
showed that best 14-day furazolidone–bismuth quadruple 
regimen consisting of 100 mg t.i.d furazolidone and 1 g t.i.d 
amoxicillin could achieve a cure rate of 95.2% by ITT analy-
sis and 99.0% by PP analysis [22]. A satisfactory outcome 
was observed with a total eradication rate of 86.9% by ITT 
analysis and 95.6% by PP analysis for initial eradication 
treatment in our study, revealing that 100 mg b.i.d furazo-
lidone and 1 g b.i.d amoxicillin were adequate to eradicat-
ing H. pylori with appropriate regimens. Furthermore, there 
are still very few studies of colloidal bismuth pectin and 
the comparison between different bismuth preparations is 
also far from adequate. Only a study from China compared 
the efficacies of colloidal bismuth pectin and colloidal bis-
muth subcitrate by year 1999 [23]. Accordingly, our study 
confirmed that twice-daily 14-day bismuth–furazolidone 
quadruple regimens incorporating 1 g amoxicillin, 100 mg 
furazolidone, 400 mg colloidal bismuth pectin and a PPI 
were of high potency. However, Dore et al. [24] found that 
10-day bismuth-containing quadruple regimens were not 
inferior to 14-day bismuth-containing quadruple regimens. 
A clinical trial conducted in China [25] reported that 10-day 
bismuth–furazolidone quadruple therapy was effective for 
H. pylori infection. Therefore, further studies are needed to 

identify the most cost-effective duration of bismuth–furazo-
lidone quadruple treatment.

PPI is another vital component of bismuth-containing 
quadruple regimens apart from antibiotics and bismuth. 
PPIs that target the gastric  H+/K+-ATPase were first intro-
duced in 1989 [7]. They inhibit gastric acid secretion and 
increase gastric pH. They contribute to the eradication of 
H. pylori by lowering the minimum inhibitory concen-
tration [26] and increasing the stability and transport of 
antibiotics from the plasma to the gastric mucosa, thereby 
increasing the concentration of antibiotics and increasing 
the sensitivity of H. pylori to antibiotics [27–29]. These 
effects mainly depend on the dosage of PPIs and CYP2C19 
polymorphism, which is closely associated with their 
metabolism [7, 30].

In our study, the efficacies of four regimens were accept-
able by ITT analysis according to the evaluation system 
proposed by Graham DY [31]. The eradication rate of the 
Pariet-bismuth quadruple regimen was 82.9% by ITT analy-
sis and 93.5% by PP analysis. However, the efficacies of five 
PPI-based bismuth-containing quadruple regimens in this 
study were not significantly different by ITT or PP analysis. 
In addition, the efficacy of rabeprazole has been reported to 
be similar to those of other PPIs [15, 32]. In order to further 
explore the relationship between PPI dosage and eradicating 
rate, we converted dosages of PPIs to omeprazole equiva-
lents. The outcome showed that dosage didn’t significantly 
influence the eradicating rate in the range of 9–32 mg ome-
prazole equivalent. Therefore, the efficacies of the five PPIs 
in bismuth-containing quadruple regimens studied may be 
considered equivalent. As the primary outcome is reliable, 
there is no need to double the dosages of PPIs considering 
the economic burden of patients.

As gastrointestinal symptoms and microbiota dysbio-
sis are commonly reported side effects of the eradication 
treatment of H. pylori, we specifically compared gastroin-
testinal symptoms and stool type before and after eradica-
tion treatment. Total GSRS scores and the majority of the 

Table 6  Parenteral side effects and compliance of different regimens

Data are presented as n (%)
Group A, SOMAC; Group B, Pantoloc; Group C, Takepron; Group D, Nexium; Group E, Pariet

Total
(n = 159)

Group A
(n = 33)

Group B (n = 32) Group C (n = 33) Group D (n = 30) Group E
(n = 31)

p value

Any adverse effects 25 (15.7%) 11 (33.3%) 6 (18.8%) 2 (6.1%) 3 (10.0%) 3 (9.7%) < 0.05
Pruritus 13 (8.2%) 5 (15.2%) 3 (9.4%) 2 (6.1%) 1 (3.3%) 2 (6.5%) 0.485
Neuritis 1 (0.6%) 1 (3.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.428
Headache 3 (1.9%) 0 (0.0%) 1 (3.1%) 0 (0.0%) 1 (3.3%) 1 (3.2%) 0.704
Dizziness 8 (5.0%) 3 (9.1%) 3 (9.4%) 0 (0.0%) 1 (3.3%) 1 (3.2%) 0.338
Fever 3 (1.9%) 3 (9.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) < 0.05
Compliance < 80% 8 (5.0%) 3 (9.1%) 2 (6.3%) 1 (3.0%) 2 (6.7%) 0 (0.0%) 0.505
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gastrointestinal symptoms significantly improved on day 
56 (p < 0.05), indicating that the eradication treatment is 
effective for alleviating symptoms of H. pylori gastritis. 
Interestingly, most symptoms were strikingly relieved with 
Pariet-bismuth quadruple regimen although the eradication 
rate of this regimen was lowest in this study. Meanwhile, 
least symptoms were reported to be relieved with Nexium-
bismuth quadruple regimen while this regimen achieved 
100% eradication rate by PP analysis. A study in Turkey 
[33] compared symptomatic relief after standard triple 
therapy with that after sequential therapy using GSRS, and 
gastrointestinal symptoms were significantly resolved after 
12 months. Our study is limited by its short observation 
period. We observed a significant improvement in the stool 
type (p = 0.003), especially diarrhea. Our analysis was sup-
ported by changes in the GSRS scores, which showed that 
frequencies of increased passage of stools, decreased pas-
sage of stools, loose stools, and the feeling of incomplete 
evacuation were decreased after eradication therapy. This 
outcome alleviated our concerns regarding gut microbiota 
dysbiosis after 14-day treatment with antibiotics. However, 
further studies are needed to evaluate specific changes in 
gut microbiota.

Side effects and compliance are key points that influence 
eradication success. Side effects of furazolidone and bismuth 
are always an issue in the process of H. pylori eradication 
therapy. Totally 25 patients (15.7%) reported parenteral side 
effects in this study, and they differed significantly among 
the five regimens. The side effects rate was between that 
reported in similar studies from Iran (approximately 38%) 
and China (9.4%) [34, 35]. Further analysis revealed that 
patients assigned to SOMAC-bismuth quadruple regimen 
experienced parenteral side effects at a higher frequency 
than those assigned to Takepron-, Nexium- and Pariet-bis-
muth quadruple regimens. However, patient compliance in 
this study was satisfactory despite the adverse effects. Only 
5% of the patients were poorly compliant, and this rate did 
not differ significantly among the different regimens. The 
good compliance might have been partly due to good health 
education as the effect of furazolidone can be influenced 
by some drugs and foods. We informed the participants of 
possible adverse effects and the importance of good com-
pliance at baseline. Additionally, it is noteworthy that the 
SOMAC-bismuth quadruple regimen was effective despite 
parenteral adverse effects. The application of this regimen 
can significantly reduce the cost of medical treatment and 
increase the treatment rate. Therefore, further studies on the 
efficacy and safety of the SOMAC-bismuth quadruple regi-
men in China are worthwhile.

Our study is limited in some aspects. The sample size 
of each of the five compared regimens was limited. Addi-
tionally, this study was not double-blind. The observation 

period was short, and further studies are needed to confirm 
the optimal duration of eradication treatment.

Conclusions

Fourteen-day bismuth–furazolidone quadruple regimens are 
of high potency and safety in the southeast coastal region 
of China. Efficacies of different PPIs and different dosages 
ranging from 9 to 32 mg omeprazole equivalents for the ini-
tial eradication of H. pylori showed no significant difference. 
The appropriate PPI can thus be chosen by the clinician. 
Further large-scale study is needed to explore the long-term 
effect of bismuth–furazolidone quadruple regimens and opti-
mize the duration of treatment.
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