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Background/Aims: The treatment options for Helicobacter pylori (H. pylori) infection are in a state of flux: traditional triple therapies 
have started to fail, and new treatments are unable to achieve optimal eradication rates. Rifaximin and rifabutin are new antibiotics. 
The aim of this study was to evaluate the efficacy and safety of adding rifaximin to the standard triple regimen and of a rifabu-
tin-based triple regimen as a rescue therapy for H. pylori eradication.
Materials and Methods: We enrolled 27 H. pylori-positive patients who were treated with a proton pump inhibitor, amoxicillin, clari-
thromycin, and rifaximin for 14 days. H. pylori eradication was assessed by a 13C-urea breath test performed 4 weeks after therapy 
completion. The efficacy of the therapy was based on intention-to-treat (ITT) and per-protocol (PP) analysis. We also investigated 
the resistance rate, compliance, and side effects associated with rifaximin therapy. Minimal inhibitory concentrations and resistance 
to rifabutin were evaluated using the agar dilution method.
Results: Of the 27 patients, 22 completed the treatment protocol with 100% compliance; five patients withdrew. The ITT and PP 
eradication rates for the rifaximin-containing quadruple therapy were 70.4% (19/27) and 86.3% (19/22), respectively. Adverse 
events were observed in five of 22 patients (22.7%). The resistance rates to rifaximin and rifabutin were 66.7% (2/3) and 0% (0/3), 
respectively.
Conclusions: The findings of this study show the limitations of rifaximin-based quadruple therapy and suggest the benefits of a rifabu-
tin-based rescue regimen in South Korea. (Korean J Helicobacter Up Gastrointest Res 2020;20:218-224)
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INTRODUCTION

Helicobacter pylori (H. pylori) is a gram-negative, mi-

croaerophilic bacterium that is common worldwide.1,2 

For more than 30 years, H. pylori has been studied for 

its role in the development of gastrointestinal diseases, 

such as chronic gastritis, peptic ulcers, gastric muco-

sa-associated lymphoid tissue lymphoma, and gastric 

cancer. It is also categorized as a class I carcinogen by 

the World Health Organization.3,4 In addition, H. pylori is 

known to be associated with extra-gastrointestinal dis-

orders such as urticaria, idiopathic thrombocytopenic 

purpura, acne rosacea, migraines, and glaucoma.5-10 

Therefore, the success of H. pylori eradication is very 

important for the prevention of disease progress.

The known classic triple regimen, consisting of a proton-

pump inhibitor (PPI) with two antibiotics (clarithromycin 

and amoxicillin/metronidazole), has been considered as 

the gold standard for the eradication of H. pylori.11,12 

However, the eradication rate of first-line treatment is 

only 70% to 85% and is following a decreasing trend due 

to antibiotic resistance.12-14 In the past years, new anti-

biotic regimens have been studied to overcome treat-

ment failure. New macrolides, fluoroquinolones, and ri-

fabutin have been used with various eradication rates 

achieved.15-17 Rifaximin, one of the among the new anti-

biotics, is a poorly absorbed synthetic rifamycin de-

rivative, which has a wide spectrum of antimicrobial ac-

tivity against both gram-positive and gram-negative 

aerobic and anaerobic bacteria.18 As it is poorly ab-

sorbed in the gastrointestinal tract, rifaximin has high 

bioavailability in the gastrointestinal tract. Therefore, it 

achieves intestinal concentrations that are 250~500 times 
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higher than the minimal inhibitory concentration (MIC) 

90.18,19 In in vitro studies, rifaximin was shown to inhibit 

H. pylori growth (MIC50, 4 µg/mL; MIC90, 8 µg/mL); thus, 

we believe it is a potential antibiotic for H. pylori 

eradication. Quesada et al.20 showed that rifaximin was 

useful against H. pylori strains resistant to clarithromycin21 

and suggested that it may be effective in combination 

with the classic triple therapy or for treatment in pa-

tients who have failed previous eradication therapies 

with clarithromycin. It is known that rifaximin-based 

7-day triple therapy (esomeprazole 40 mg o.d., clari-

thromycin 500 mg b.i.d., rifaximin 400 mg t.i.d.) has a 

higher compliance rate than the standard triple therapy 

but a lower eradication rate.22 In addition, Choi et al.23 

showed that a rifaximin-based 7-day quadruple regimen 

(omeprazole 20 mg b.i.d., amoxicillin 1 g b.i.d., levo-

floxacin 200 mg b.i.d., rifaximin 400 mg b.i.d.) was not 

inferior to standard triple therapy in eradication rate and 

had fewer side effects. Therefore, the quadruple therapy, 

with the addition of rifaximin to the standard triple reg-

imen, is believed to act against clarithromycin-resistant 

H. pylori strains and increase the eradication rate. In ad-

dition, rifabutin-based triple therapy, which includes a 

rifamycin derivative, has been suggested as a third-line 

treatment for H. pylori rescue therapy in Europe. 

However, there have been a few reports, except for 

retrospective studies, on small samples of patients in 

Korea.24 Therefore, the aim of this study was to evaluate 

the efficacy and safety of the addition of rifaximin to 

the standard triple regimen and the possibility of a rifa-

butin-based triple regimen as a rescue therapy for the 

eradication of H. pylori.

MATERIALS AND METHODS

1. Patients

We conducted this prospective pilot study between 

February 2014 and July 2015 at the Seoul National 

University Bundang Hospital in Korea. We enrolled 27 pa-

tients who were naïve to eradication treatment and were 

infected with H. pylori. H. pylori infection was defined as 

having at least one of the following: 1) histologic evidence 

of H. pylori, identified using modified Giemsa staining in 

the high body greater curvature; 2) a positive rapid urease 

test (CLO test; Delta West, Bentley, Australia), performed 

out using a gastric mucosa biopsy from the high body 

greater curvature; and 3) a positive result for 13C-urea 

breath test (UBT). We excluded the patients who were be-

low 18 or above 80 years of age, pregnant women, patients 

with severe pulmonary, renal, or uncompensated liver cir-

rhosis or any other untreated malignancies. Patients who 

had taken PPIs, histamine-2 receptor antagonists, or anti-

biotics within 2 months prior to the trial were also 

excluded. The study was approved by the Institutional 

Review Board of the Seoul National University Bundang 

Hospital (IRB No: B-1308/215-009).

This study was conducted by following the ethical princi-

ples for medical research involving human subjects based 

on the Declaration of Helsinki. Furthermore, it has been 

approved by the Medical Ethics Committee and aspires to 

protect the lives, health, privacy, and dignity of research 

participants. 

2. Study design

Patients who met the enrollment and exclusion cri-

teria and signed the informed consent form were ad-

ministered rifaximin 600 mg b.i.d., amoxicillin 1,000 mg 

b.i.d., clarithromycin 500 mg b.i.d., and a standard PPI 

dose (pantoprazole 40 mg, esomeprazole 40 mg, lanso-

prazole 30 mg, omeprazole 20 mg, rabeprazole 20 mg 

before meals) b.i.d. as a first-line treatment for H. pylori 

infection. The treatment duration was 14 days. The pa-

tients were educated about the importance of full com-

pliance, warned of the side effects, and provided a con-

tact number of the hospital in case they encountered 

any problems. Two weeks after the end of the therapy, 

a post-treatment follow-up visit was scheduled to evaluate 

compliance and any associated side effects. Compliance 

was evaluated by direct questioning and by asking the 

patients to bring all the drugs that had been provided at 

the beginning of treatment so that they could be ac-

counted for. Four weeks after the treatment was started, 

H. pylori eradication was then classified as one of the 

following: 1) no histologic evidence of H. pylori, identi-
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Table 1. Baseline Demographics of the Patients 

Rifaximin-based 
quadruple therapy

Included in ITT analysis 27

Male/female 20/7

Age (years) 55.5±13.8

Disease

  Benign gastric ulcer 8 (29.6)

  Duodenal ulcer 4 (14.8)

  Gastric dysplasia or cancer 5 (18.5)

  Non-ulcer dyspepsia 10 (37.0)

Drop out 5

  Noncompliance 0 (0)

  Follow-up loss 4 (14.8)

  Discontinued therapy because of adverse 
events

1 (3.7)

Values are presented as mean±standard deviation or n (%).
ITT, intention-to-treat.

fied using modified Giemsa staining in the high body 

greater curvature; 2) a negative rapid urease test (CLO 

test; Delta West), measured using a gastric mucosa biop-

sy from the high body greater curvature; and 3) a neg-

ative result for 13C-UBT.

3. 13C-UBT

Patients were required to fast for 4 hours before 

testing. No test meal was provided, and a pre-dose 

breath sample was obtained; 100 mg of 13C-urea pow-

der (UBiTkit; Otsuka Pharmaceutical Co. Ltd., Tokyo, 

Japan) dissolved in 100 mL of water was administered 

orally, and a second breath sample was collected 20 mi-

nutes later. The cut-off value was 2.5‰. The collected 

samples were analyzed using an isotope ratio mass 

spectrometer (UBiT-IR300®; Otsuka Pharmaceutical Co. 

Ltd.). The patients were asked to avoid acid-lowering 

drugs or antibiotics for 1 week before the UBT.

4. H. pylori strains and antibiotic susceptibility 
testing

Three specimens were used for culture, and the sus-

ceptibility of isolated H. pylori strains to antibiotics 

(amoxicillin, clarithromycin, metronidazole, and rifax-

imin) was determined by using an agar dilution method. 

H. pylori strains previously obtained were cultured at 

37℃ on brain-heart infusion plates under micro-aerobic 

conditions (5% O2, 10% CO2, and 85% N2) for 3~5 days. 

H. pylori was identified based on Gram staining, colony 

morphology, and positive reactions to oxidase, catalase, 

and urease. We performed MIC tests for the previously 

mentioned antibiotics using a serial two-fold agar dilu-

tion method. The organisms were cultured on Mueller- 

Hinton agar supplemented with 5% defibrinated sheep’s 

blood for 48 hours. As we were testing the potential 

of rifabutin-containing rescue therapy after failure of 

first-line or second-line treatment, the MIC for rifabutin 

was also determined. The bacterial suspension, with 

1×107 colony-forming units, was inoculated onto agar 

plates containing each antibiotic. We identified the MIC 

after incubation for 72 hours. According to the clinical 

breakpoints for H. pylori proposed by the European 

Committee on Antimicrobial Susceptibility Testing, the re-

sistance breakpoints for each antibiotic were as follows: 

0.12 mg/L for amoxicillin, 0.5 mg/L for clarithromycin, 

8 mg/L for metronidazole, 1 mg/L for rifaximin, and 

0.25 mg/L for rifabutin.25

5. Statistical analysis

The efficacy of H. pylori treatment was evaluated by the 

intention-to-treat (ITT) and per-protocol (PP) methods. ITT 

analysis compared the treatment groups that were initially 

allocated. In the case of PP, we excluded patients who 

were lost to follow-up, had taken less than 85% of the 

prescribed drugs, or had discontinued treatment due to se-

vere adverse events.

RESULTS

1. Patient population

Twenty-seven consecutive patients (20 men and 7 

women, mean age 55.5±13.8 years) were included in 

this study. As the treatment was not a standard regimen, 

not many patients agreed to participate in the study. 

The indications for H. pylori eradication treatment were 



  Hyun Soo Kim, et al: Rifaximin-based Quadruple Therapy for Helicobacter pylori

221

Table 4. Antibiotic Resistance in Three Patients Tested for Antibiotic Susceptibility

Minimal inhibitary concentration Eradication after 
treatmentAmoxicillin (R≥0.5) Clarithromycin (R>1) Metronidazole (R>8) Rifaximin (R>1) Rifabutin (R≥0.25) 

A ≤0.125 ≤0.25 4~8 No growth ≤0.015 Follow-up loss

B ≤0.125 16~32 ≥32 2~4 ≤0.015 Follow-up loss

C ≤0.125 ≤0.25 ≥32 0.25~0.5 ≤0.015 Yes

Breakpoints for resistance were defined as 0.5 mg⁄L for amoxicillin, 1 mg/L for clarithromycin, 8 mg/L for metronidazole, 1 mg/L for rifaximin, 
and 0.25 mg/L for rifabutin.

Rifaximin based quadruple
therapy (n=27)

n=22

Follow-up loss (n=4)

ITT analysis

PP analysis

Discontinued therapy due
to adverse events (n=1)

Fig. 1. Flow schematic of studies included in intention-to-treat (ITT) 
and per-protocol (PP) analysis.

Table 2. Adverse Events

Adverse events Rifaximin-based quadruple therapy

Nausea or vomiting 2 (7.4)

Diarrhea, abdominal pain 1 (3.7)

Dyspepsia 3 (11.1)

Values are presented as n (%).

Table 3. Eradication Rates by Intention-to-treat and Per-protocol 
Analyses

Rifaximin-based quadruple therapy

ITT analysis

  Eradication rate 70.4% (19/27)

PP analysis

  Eradication rate 86.4% (19/22)

ITT, intention-to-treat; PP, per-protocol.

as follows: benign gastric ulcer (8, 29.6%), duodenal ul-

cer (4, 14.8%), gastric dysplasia or cancer (5, 18.5%), and 

non-ulcer dyspepsia (10, 37%). The characteristics of the 

study population are summarized in Table 1. Of the 27 

patients, 22 completed the treatment protocol; the re-

maining five patients were excluded from the PP analy-

sis: four patients (14.7%) were lost to follow-up and one 

patient (3.7%) discontinued therapy owing to severe ad-

verse events. Compliance with the therapy, that is, the 

percentage of patients who had taken >85% of the drugs 

prescribed, was 96.3% (n=26) (Fig. 1).

2. Adverse events

We also assessed the safety of the therapy and the as-

sociated adverse events. Six patients (22.2%) experienced 

adverse events during treatment. Most of the adverse 

events were mild gastrointestinal problems; 7.4% (n=2) 

experienced nausea or vomiting, 3.7% (n=1) had diarrhea 

and abdominal pain, and 11.1% (n=3) had dyspepsia. 

Only one patient complained of severe nausea and dis-

continued therapy. The adverse events are summarized 

in Table 2.

3. H. pylori eradication rates and resistance 
rates to antibiotics

The H. pylori eradication rates and resistance to anti-

biotics are described in Table 3 and 4, respectively. The 

ITT eradication rate was 70.4% (19/27), and the PP 

eradication rate was 86.3% (19/22). Owing to the vari-

ous limitations of this study, H. pylori culture was suc-

cessful for only three patients. Antibiotic resistance rates 

to amoxicillin, clarithromycin, metronidazole, rifaximin, 

and rifabutin were 0%, 66.7%, 66.7%, 66.7%, and 0%, 

respectively. Of the three patients who experienced an-

tibiotic resistance testing, two were resistant to rifax-

imin, but there was no follow-up. Successful eradication 

occurred in one patient. In addition, none of these three 
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patients were resistant to rifabutin.

DISCUSSION

Although several H. pylori eradication regimens have 

been recently developed, there is no perfect treatment 

for H. pylori eradication, and an eradication rate of 

100% has not been reported.26 Although there are a va-

riety of factors that account for the inefficiency of the 

eradication regimens, it is most likely due to the adverse 

effects caused by the antibiotics, resulting in poor com-

pliance to treatment, and increased antibiotic resistance 

to clarithromycin and metronidazole.27,28 Rifamycin de-

rivatives (rifampicin, rifabutin, and rifaximin) exert anti-

bacterial activity against H. pylori. Rifabutin has been 

used as a rescue therapy after failed eradication therapy. 

Rifaximin is a relatively new alternative antibiotic, be-

longing to the same family as rifabutin; it is poorly ab-

sorbed in the gastrointestinal tract, remains highly con-

centrated within the gastrointestinal tract, and does not 

cause adverse effects.29,30 Owing to these pharmacoki-

netic and pharmacodynamic characteristics, the activity 

of rifaximin against H. pylori was studied in vitro and in 

vivo. In an in vitro study, 43 strains of H. pylori were 

examined to determine MICs using four antimicrobial 

compounds: rifaximin, rifampicin, amoxicillin, and col-

loidal bismuth subcitrate.31 The activity of rifaximin was 

intermediate, between that of amoxicillin, one of the 

most active agents against H. pylori, and colloid bismuth 

subcitrate, which has moderate activity.32 Interestingly, 

the MIC value of rifaximin is hardly affected by lowering 

the pH from 7.2 to 6. No strain exhibited primary re-

sistance to rifaximin.31 So far, several studies have as-

sessed the efficacy of rifaximin, focusing on dual, triple, 

and quadruple regimens. As rifaximin is known to be 

effective against H. pylori strains resistant to clari-

thromycin, it was supposed that this antibiotic could be 

associated with this drug in vivo.21,33 Several studies 

evaluating the efficacy of rifaximin have been per-

formed, mostly with dual or triple therapies. Dual regi-

mens combining omeprazole or clarithromycin with 

metronidazole or bismuth salts have shown eradication 

rates between 40% and 70%.34,35 Triple regimens com-

bining rifaximin suspension (600 mg t.i.d.), omeprazole 

(40 mg o.d.), and amoxicillin (1 g b.i.d.) for 2 weeks 

achieved eradication rates of 60%. Gasbarrini et al.22 

chose the triple therapy combining rifaximin (400 mg 

t.i.d.), esomeprazole (40 mg o.d.), and clarithromycin 

(500 mg b.i.d.) for 7 days and obtained an eradication 

rate of 58%.36 Two papers have been published about 

rifaximin-based quadruple therapies. One (omeprazole 

20 mg o.d., amoxicillin 1 g b.i.d., rifaximin 400 mg b.i.d., 

and levofloxacin 200 mg b.i.d. for 7 days) describes a 

double-blind, randomized, controlled trial that obtained 

an eradication rate of 80%.23 The other included a quad-

ruple therapy with rifaximin (rifaximin 400 mg t.i.d., 

clarithromycin 500 mg t.i.d., amoxicillin 1 g b.i.d., and 

omeprazole 20 mg for 10 days) with a PP eradication 

rate of only 61%. In our study, we combined rifaximin 

with clarithromycin, amoxicillin, and PPI, and found a 

PP eradication rate of 86.3%, slightly below the estab-

lished efficacy consensus threshold (90%). This study has 

demonstrated the considerable efficacy of the rifax-

imin-based quadruple therapy and its remarkable safety. 

However, this regimen cannot be recognized as one of the 

standard eradication regimens. Because our study em-

ployed only three resistance tests, it is difficult to draw 

firm conclusions. Although it is true that clarithromycin 

has high resistance potential, the high resistance rate 

observed in our study was thought to be because of the 

small number of samples tested for resistance. However, 

resistance to rifaximin is 66.6%; therefore, it is likely 

that rifaximin resistance is quite high in Korea. Unlike 

rifaximin, the resistance rate to rifabutin was 0%, and it 

can be used in the rescue therapy for H. pylori. The 

reason rifabutin is useful in H. pylori treatment is that 

rifabutin has no cross-resistance with clarithromycin and 

is not a widely used antibiotic. Therefore, it is consid-

ered that H. pylori has a low resistance to rifabutin.37 

The results of our study show the practical limitations of 

first-line rifaximin based quadruple therapy, and further 

research on third-line rifabutin-based regimens is needed.

In conclusion, the results of this study have described 

the limitations of current rifaximin-based quadruple 

therapy and the potential for a rifabutin-based rescue 

regimen in Korea. Further studies exploring different 
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drug combinations, dosing, and durations of therapy are 

necessary to verify the efficacy of rifaximin and rifabutin 

in the treatment of H. pylori infection.
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