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ABSTRACT 

The optimal pharmacological regimen for eradication of Helicobacter pylori (H. pylori) has been investigated for 
many years. This study aimed to evaluate the efficacy and tolerability of bismuth-based quadruple therapy (B-QT) 
and a modified sequential therapy (ST) regimens in eradication of H. pylori. A randomized, double-blind trial was 
conducted on 344 patients. Patients with H. pylori infection and without a history of previous treatment were 
randomized to receive 14-day B-QT (bismuth subcitrate 240 mg, pantoprazole 40 mg, amoxicillin 1000 mg, and 
clarithromycin 500 mg twice daily) or 14-day ST (bismuth subcitrate 240 mg, pantoprazole 40 mg, amoxicillin 
1000 mg, and metronidazole 500 mg twice a day for seven days followed by bismuth subcitrate 240 mg, panto-
prazole 40 mg, amoxicillin 1000 mg, and furazolidone 100 mg twice a day for additional seven days). Drug adverse 
effects were assessed during the study. H. pylori eradication was determined eight weeks after the end of treatment 
using 14C-urea breath test. Based on per-protocol and intention-to-treat, the eradication rate was significantly 
higher (p<0.05) in the B-QT regimen 91.9 % (95 % CI; 88.1-94.0) and 90.2 % (95 % CI; 86.3-92.9), respectively 
compared to the ST regimen 80.8 % (95 % CI; 76.6-84.9) and 78.1 % (95 % CI; 73.7-82.4), respectively. The 
severity of vomiting and loss of appetite were significantly higher in ST regimen (p<0.05). The B-QT regimen 
was more effective and safer than the ST regimen. Conclusively, it is suggested to assess the efficacy and safety 
of this regimen in longer studies, larger population, and in other communities. 
 
Keywords: Helicobacter pylori, eradication, furazolidone, sequential therapy, adverse effects
 



EXCLI Journal 2019;18:644-652 – ISSN 1611-2156 
Received: July 05, 2019, accepted: August 08, 2019, published: August 19, 2019 

 

 

645 

INTRODUCTION 

Helicobacter pylori (H. pylori), a gram-
negative bacterium, infects about 50 % of in-
dustrialized nations and 80 % of developing 
countries population (Khademi et al., 2015). 
H. pylori has a crucial role in the pathophysi-
ology of acute and chronic gastritis, peptic ul-
cer, and gastric adenocarcinoma, and eradica-
tion of the bacterium is the main part of treat-
ment of these conditions (Khademi et al., 
2015; Thung et al., 2016). Drug efficacy and 
price, patient compliance, and bacterial re-
sistance are the challenging factors in the 
pharmacotherapy of H. pylori (Fischbach and 
Evans, 2007).  

Several studies have been carried out to 
evaluate the efficacy of current combination 
pharmacotherapies for H. pylori infection 
(Gisbert et al., 2000; Fischbach et al., 2004; 
Wang et al., 2017a). The most common regi-
mens are a combination of a proton-pump in-
hibitor (PPI) and two antibiotics (triple ther-
apy, TT), or co-administration of these agents 
with bismuth salts (bismuth-based quadruple 
therapy, B-QT) for 14 days (Malfertheiner et 
al., 2017). Clarithromycin with amoxicillin or 
metronidazole are the frontline antimicrobial 
therapy for H. pylori eradication. However, 
resistant strains pose treatment failure and de-
creased efficacy of these regimens worldwide 
(Megraud, 2004). Therefore, the antibiotics 
should be selected based on the local H. pylori 
resistances. 

Evidences have shown that sequential 
therapy (ST), including a PPI and amoxicillin 
for the first five days followed by a TT includ-
ing a PPI, clarithromycin, and metronidazole 
or tinidazole for five additional days, in-
creases the efficacy of H. pylori eradication 
(Sanchez-Delgado et al., 2008; Vaira et al., 
2009). Although, ST has demonstrated a sat-
isfactory eradication rate (Gatta et al., 2009), 
it has low patient compliance and facilitates 
the development of drug resistance (Yang and 
Sheu, 2011). 

The incidence of resistant H. pylori to 
metronidazole and clarithromycin is high 
among Iranian population (Ebrahimi-Dariani 
et al., 2003; Salmanroghani et al., 2018). 

Furazolidone-containing quadruple regimens 
achieved high H. pylori eradication among 
Iranian patients with or without previously 
failed treatment (Riahizadeh et al., 2010; 
Ghadir et al., 2011; Fakheri et al., 2012). 
However, outcomes attributed to the substitu-
tion of furazolidone with metronidazole in ST 
have not been widely assessed. 

The present study aimed to examine the 
efficacy and tolerability of B-QT (bismuth 
subcitrate, pantoprazole, amoxicillin, and 
clarithromycin for 14 days) regimen com-
pared to a modified ST (bismuth subcitrate, 
pantoprazole, amoxicillin, and metronidazole 
for seven days followed by bismuth sub-
citrate, pantoprazole, amoxicillin, and fura-
zolidone for additional seven days) regimen 
in eradication of H. pylori among patients re-
ferred to the endoscopy section of Razi Edu-
cational Center of Rasht, Iran. 
	

MATERIALS AND METHODS 

Study design 
This study was a prospective, random-

ized, double-blind controlled trial conducted 
between July 2017 and January 2018 at the 
Gastrointestinal and Liver Diseases Research 
Center (GLDRC) of Guilan University of 
Medical Sciences, in Rasht, Iran. All eligible 
participants signed an informed consent, and 
were randomly assigned to receive one of the 
assigned regimens. Patient compliance and 
the incidence of adverse drug reactions were 
determined after the end of treatment, and the 
eradication status was evaluated eight weeks 
after the end of treatment. The study was ap-
proved by the local ethics committee of the 
research center, and was carried out based on 
the declaration of Helsinki. The study was 
also reviewed and approved by the Iranian 
Clinical Trial Registry 
(IRCT201708071155N26). 

 
Patients 

All patients attending to the endoscopy 
section of Razi Educational Center of Rasht, 
Iran were enrolled. Positive rapid urease test 
and/or positive histologic assessment of biop-
sies for H. pylori along with first diagnosis 
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without previous treatment were considered 
as inclusion criteria. Patients with severe or 
unstable cardiovascular, hepatic, and renal 
diseases, history of allergy to any of the study 
medicines, hematological disorders, gastric 
and esophageal malignancy, and those who 
were pregnant or lactating were excluded 
from the study. 

 
Randomization and treatment 

A block randomization method was used 
to ensure equal numbers in each groups of 
treatment. Patients were randomly allocated 
to receive a 14-day period of B-QT (bismuth 
subcitrate 240 mg, pantoprazole 40 mg, 
amoxicillin 1000 mg, and clarithromycin 500 
mg twice daily) or a 14-day period of ST (bis-
muth subcitrate 240 mg, pantoprazole 40 mg, 
amoxicillin 1000 mg, and metronidazole 500 
mg twice a day for seven days followed by 
bismuth subcitrate 240 mg, pantoprazole 40 
mg, amoxicillin 1000 mg, and furazolidone 
100 mg twice a day for additional seven 
days). It was recommended to patients that 
pantoprazole and bismuth subcitrate were 
taken before meals, and antibiotics after 
meals at the scheduled times. Demographic 
information including age, gender, and smok-
ing status were recorded. 

 
Adverse effects and compliance evaluation 

All participants were informed about po-
tential adverse effects including bitter taste, 
nausea, vomiting, diarrhea, heartburn, ab-
dominal discomfort, loss of appetite, head-
ache, and dizziness. These adverse effects 
were evaluated during the study. To take 
>80 % of the prescribed medicines was con-
sidered as acceptable patient compliance. 

 
H. pylori eradication evaluation 

Eight weeks after the completion of inter-
vention, 14C-urea breath test (14C-UBT) was 
performed, based on our previous study 
(Mansour-Ghanaei et al., 2011) to evaluate 
the treatment success. H. pylori eradication 
was considered as the result of <50 disintegra-
tions per minute (DPM). Consumption of the 
medicines during these eight weeks were 

stopped to avoid interaction with 14C-UBT re-
sults. 

 
Statistical analysis 

Both per-protocol (PP) and intention-to-
treat (ITT) analyses were performed to deter-
mine the eradication rate of two regimens. Pa-
tients with poor compliance were excluded 
from the PP; however, ITT was conducted on 
all participants in the study including the pa-
tients that used the regimens out of the proto-
cols or dropouts. H. pylori eradication rate, 
odds ratios and 95 % confidence interval were 
assessed for each group. To compare varia-
bles between two treatment groups, the t test 
was performed for quantitative variables and 
Fisher’s exact test for qualitative variables. 
The results were expressed as mean ± SD 
(standard deviation) for quantitative varia-
bles, and the numbers and percentages for 
qualitative variables. SPSS version 18.0 
(SPSS Inc., Chicago, IL, USA) was used to 
perform all analyses. A P value < 0.05 was 
considered statistically significant.  
	

RESULTS 

Characteristics of the patients 
A total of 353 participants with H. pylori 

infection were randomly assigned to either B-
QT regimen (n=175) or ST regimen (n=178) 
groups. Three patients in the B-QT group and 
six patients in the ST group were excluded 
from the study due to low compliance, severe 
nausea, and severe anorexia. A flow chart of 
patient selection and randomization process is 
shown in Figure 1. No statistically significant 
differences were observed between the two 
treatment groups in terms of age and gender. 
The number of smoker participants in ST 
group were higher that those of B-QT group. 
Demographic characteristics of the study pa-
tients is shown in Table 1. 

 
Adverse effects and compliances  

Both B-QT and ST regimens were well-
tolerated by a majority of the participants. The 
number of participants with adverse effects in 
the ST group (12.8 %) were higher compared 
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to those of  B-QT group (5.8 %). The most re-
ported adverse effects were nausea and ab-
dominal discomfort (Table 2). The compli-
ance rates were 98.29 % and 96.93 % for the 
B-QT and ST groups, respectively. Three pa-
tients in the B-QT group and four patients in 
the ST group failed to ingest at least 80 % of 
the medications, and excluded from the PP 
analysis. 

 
Eradication rates 

Based on both PP and ITT analyses, the 
eradication rate was significantly higher 

(p<0.05) in the B-QT regimen (Table 3). The 
eradication rates of B-QT and ST regimens 
were 91.9 % (95 % CI; 88.16-94.07) and 
80.8  % (95 % CI; 76.6-84.9) in PP analysis, 
respectively. The eradication rates of B-QT 
and ST regimens were 90.2 % (95 % CI; 
86.35-92.97) and 78.1 % (95 % CI; 73.7-
82.4) in ITT analysis, respectively. There was 
no association between age groups, gender, 
and smoking status with eradiation rate for 
both groups in univariate analyses (P > 0.05 
for all). 

 

 

Figure 1: Flow chart for patient selection and randomization process 
B-QT; bismuth-based quadruple therapy, ST; sequential therapy, ITT; intention-to-treat, PP: per-protocol 
 
 
 
Table 1: Demographic characteristics of the study patients 

Characteristics B-QT regimen 
(n = 172) 

ST regimen 
(n = 172) 

P value 

Gender, male 
Age 

74 (43.0) 
46.46 ± 11.36 

79 (45.9) 
47.04 ± 12.06 

0.332 
0.649 

Smoking 
Yes 
No 

 
32 (18.6) 

140 (81.4) 

 
79 (45.9) 
93 (54.1) 

 
<0.001 

Values were expressed as mean ± SD for continuous variables and numbers (percentages) for categorical variables.  
Comparison between groups was performed with the t test for quantitative variables and the chi-square test for qualitative varia-
bles. 
B-QT; bismuth-based quadruple therapy, ST; sequential therapy 
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Table 2: Adverse effects associated with the B-QT and ST regimen 

Adverse effects B-QT regimen 
(n = 172) 

ST regimen 
(n = 172) 

P value 

Bitter taste 
Nausea 
Vomiting 
Diarrhea 
Heartburn 
Abdominal discomfort 
Anorexia  
Headache 
Dizziness 
Total 

7 (4.1) 
0 (0) 

1 (0.6) 
0 (0.0) 
1 (0.6) 
0 (0.0) 
1 (0.6) 
0 (0.0) 
0 (0.0) 
10 (5.8) 

3 (1.7) 
2 (1.2) 
6 (3.5) 
1 (0.6) 
3 (1.7) 
2 (1.2) 
2 (1.2) 
2 (1.2) 
1 (1.2) 

22 (12.8) 

0.168 
0.249 
0.61 
0.5 

0.311 
0.249 
0.5 

0.249 
0.5 
0.2 

Values were expressed as numbers (percentages) for the adverse effects.  
Comparison between groups was performed with the chi-square test for the variables. 
Adverse effects were evaluated during the study. 
B-QT; bismuth-based quadruple therapy, ST; sequential therapy 
 
 
 
Table 3: Eradication rates of the B-QT and ST regimen 

Analyses B-QT regimen 
(n = 172) 

ST regimen 
(n = 172) 

P value 

Pre-protocol 
Eradication rate 
 

 
158 (91.9) 

 

 
139 (80.8) 

 

0.006 
 

Intention-to-treat 
Eradication rate 
 

 
158 (90.2) 

 

 
139 (78.1) 

 

0.002 

Values were expressed as numbers (percentages) for the variables.  
Comparison between groups was performed with the chi-square test for both variables. 
The H. pylori eradication was confirmed by 14C-urea breath test eight weeks after the end of treatment. 
B-QT; bismuth-based quadruple therapy, ST; sequential therapy 
 
 
 

DISCUSSION 

The results of the current study showed 
higher rates of H. pylori eradication with the 
14-day B-QT regimen compared to the 14-
day ST regimen among H. pylori positive pa-
tients who had no previous treatment. Both B-
QT and ST regimens had good patient com-
pliance, however, patients receiving B-QT 
regimen reported fewer adverse effects. 

Both Canadian and European guidelines 
suggest to use triple therapy with a PPI, clar-
ithromycin, and amoxicillin or metronidazole 
as first-line regimens in clinical practice 
(Malfertheiner et al., 2002; Hunt et al., 2004). 
However, the eradication success rate of these 
regimens is decreasing due to different pattern 
of H. pylori antimicrobial resistance (Yun et 
al., 2012; Hsu and Peng, 2013). Even less than 

80 % of patients are infection eradicated with 
the most recommended quadruple therapy 
regimens (Jang et al., 2005; Ghadir et al., 
2011).  

An increasing resistant infection to clar-
ithromycin has been observed among Iranian 
patients (O'Morain and Montague, 2000; 
Fakheri et al., 2018). On the other hand, the 
cost of clarithromycin-containing regimens is 
relatively high in Iran. Hence, several other 
rescue regimens have been proposed in order 
to overcome these challenges (Malfertheiner 
et al., 2007; Gisbert, 2012; Kuo et al., 2012). 
In one study, treatment with a seven-day reg-
imen containing a PPI, bismuth subcitrate, 
amoxicillin, and high-dose of furazolidone 
(200 mg, twice daily) in patients with peptic 
ulcers and previous failed treatment achieved 
a H. pylori eradication rate of 69 % (Felga et 
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al., 2008). A similar seven-day rescue quad-
ruple regimen containing a PPI, bismuth sub-
citrate, tetracycline, and a high-dose of fura-
zolidone (200 mg, twice daily) obtained an 
eradication rate of 63 % (Eisig et al., 2005). 
Another study conducted on the H. pylori 
eradication in the same reign of Iran used a 
sequential regimen containing a PPI, bismuth 
subcitrate, and amoxicillin along with high-
dose of furazolidone (200 mg, twice daily) for 
the first five days, substituted by high-dose of 
metronidazole (500 mg, twice daily) for the 
following five days. The regimen demon-
strated an eradication rate of 79.8 % 
(Mokhtare et al., 2015). 

Based on the findings of the present study, 
the B-QT regimen was successful in eradica-
tion of H. pylori in 91.9 % and 90.2 % of pa-
tients by PP and ITT analyses, respectively. 
The eradication rate of ST regimen was 
80.8 % and 78.1 % of patients by PP and ITT 
analyses, respectively. Maastricht and other 
guidelines consider a cure eradication rate of 
> 80 % as an acceptable rate (Gao et al., 
2010). However, the ST regimen did not 
achieve the target threshold of an ideal regi-
men (eradication rate of > 90 %). It is likely 
that the low efficacy of the ST regimen used 
in the current study is related to the local pat-
tern of antimicrobial resistance. The results of 
B-QT regimen are consistent with those of 
previous studies evaluating the efficacy of a 
ten-day quadruple therapy, comprised of a 
PPI, bismuth subcitrate, amoxicillin, and clar-
ithromycin (twice daily). In that study, the 
eradication rate of H. pylori was 92.3 % 
(Wang et al., 2017b). 

There was no relationship between demo-
graphic characteristics of patients including 
age groups, gender, and smoking status with 
the eradiation rate of both B-QT and ST regi-
mens. Several previous studies have shown 
the eradication rates of anti-H. pylori regi-
mens are not associated with age groups 
(Fakheri et al., 2004; Chang et al., 2012). Ad-
ditionally, some other studies have demon-
strated that the eradication success rate is not 
associated with smoking status (Chuah et al., 
2012; An et al., 2013). 

In addition to high efficacy and good 
compatibility with local microbial resistance 
patterns, an ideal regimen for H. pylori eradi-
cation should be well-tolerated, patient com-
patible, cost-effective, and easy to administer 
(Malfertheiner et al., 2002, 2007). The com-
pliance rates for the B-QT and ST regimen 
were 98.29 % and 96.93 %, respectively. De-
spite of the high compliance rate of both reg-
imens, approximately one-third of patients 
experienced mild to moderate adverse events. 
The most reported adverse effects were nau-
sea and abdominal discomfort. Generally, 
both B-QT and ST regimens were well-toler-
ated and patient compatible. Additionally, 
molecular studies particularly measuring the 
levels of H. pylori alongside with the effect of 
these recommended medicines are suggested 
(Samadani et al., 2016, 2019; Fattahi et al., 
2017, 2018; Ghadami et al., 2019; Kosari-
Monfared et al., 2019; Norollahi et al., 2019).  

 
Limitations 

The absence of regional estimates of H. 
pylori eradication rates and local pattern of 
antimicrobial resistance are the most im-
portant limitation of the current study. More-
over, the results of the study may not be ap-
plicable to patients who had previous failed 
therapies, recurrence infections, or patients 
from other geographical part of Iran. 
	

CONCLUSION 

In conclusion, the B-QT regimen pro-
vided higher eradication rates than the ST reg-
imen. Moreover, the frequency of adverse ef-
fects in the B-QT regimen group were fewer. 
The B-QT regimen’s medicines are also more 
available in different states of Iran. Thus, the 
ST regimen could not be an ideal alternative 
therapy for H. pylori eradication in this re-
gion. It is suggested to assess the efficacy and 
safety of this regimen in a longer studies, 
larger population, and in other communities. 
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