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Abstract
The optimal therapy for Helicobacter pylori  (H. pylori ) 
infection should combine a high cure rate and a short 
treatment duration with a favorable side-effect profile 
and should maintain a low cost. Several strategies have 
been proposed to increase the H. pylori  eradication 
rate, including the extension of the treatment duration 
to 14 d, the use of a four-drug regimen (quadruple, 
sequential, and concomitant treatments), and the use 
of novel antibiotics, such as levofloxacin. However, 
triple therapy remains the most widely accepted first-
line treatment regimen in Brazil and the United States 

and throughout Europe. Because this therapy is limited 
by resistance to clarithromycin, other therapeutic 
regimens have been investigated worldwide. This 
review describes the current literature involving studies 
directly comparing these different therapies and their 
efficacies. 
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Core tip: Helicobacter pylori  is a bacterium that is 
commonly found in the stomach and is capable of 
causing a number of digestive problems, including 
ulcers and stomach cancer. Over the past few years, 
the efficacy of conventional therapy has decreased. 
However, new therapies are not commonly accepted 
as first-line treatments in some countries because of a 
lack of national validation studies. This review aimed 
to report studies demonstrating the effectiveness of 
different non-conventional therapies and comparing 
them with conventional triple therapy.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacterium 
found on the luminal surface of  the gastric epithelium. 
The bacterium induces chronic inflammation of  the 
underlying mucosa and typically infects the stomach in 
the first few years of  life. It was isolated for the first time 
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by J. Barry Robin Warren and Marshall[1]. The majority 
of  patients (up to 85%) with H. pylori infection do 
not develop any clinically significant complications[2,3]. 
However, since its discovery in 1983, infection with this 
microorganism has been associated with the pathogeneses 
of  various gastrointestinal diseases, such as duodenal 
and gastric ulcers, gastritis, gastric cancer and mucosa-
associated lymphoid tissue, a lymphoma of  the stomach. 
The World Health Organization classified H. pylori as a 
group I carcinogen with an attributable risk of  gastric 
cancer of  50%-60%[1-4]. Therefore, it is recommended 
that all patients with peptic ulcers be tested for H. pylori 
infection[3]. 

The first-line choice of  treatment for H. pylori 
infection in the United States and Europe consists of  
a conventional triple therapy, in which a proton pump 
inhibitor (PPI), clarithromycin and amoxicillin are 
administered for 7-14 d[5-7]. Conventional triple therapy 
is also recommended as a first-line therapy by Asian-
Pacific and Brazilian consensus groups[8,9]. However, over 
the past few years, the efficacy of  conventional triple 
therapy has decreased, with eradication rates of  less than 
80%[10,11]. Decreased eradication rates are due primarily 
to increased bacterial resistance to clarithromycin, 
indicating the need for new first-line treatments. 
However, new therapies are not commonly accepted as 
first-line treatments in some countries because of  a lack 
of  national validation studies and a lack of  studies of  
clarithromycin resistance. This review aimed to report 
studies demonstrating the effectiveness of  different 
therapies and comparing them with conventional triple 
therapy.

RESEARCH
Search strategy and study selection
This review was developed according to the PRISMA 
(preferred reporting items for systematic reviews and 
meta-analyses) statement guidelines. We searched the 
medical literature using Medline (2008 to Aug 2014), 
Science Direct (2008 to Aug 2014), and Scielo (2008 to 
Aug 2014). We identified eligible studies using different 
combinations of  the search terms “Helicobacter pylori”, “H. 
pylori”, “eradication” and “treatment”. We only analyzed 
papers written in English, Portuguese and Spanish. Two 
investigators (AAS and AAC) evaluated the abstracts of  
the papers, which were identified as appropriate by the 
initial search, independently and in a blinded manner. 
Papers written in foreign languages were translated when 
necessary. In addition, we contacted authors to obtain 
unpublished data from their studies when necessary.

Data extraction
Two investigators assessed the articles independently 
using pre-designed data extraction forms. Disagreements 
between investigators were resolved by discussions with 
another investigator. Data regarding eradication were 
evaluated based on an intention-to-treat analysis. In 

addition, the following clinical data were extracted for 
each trial: country of  origin, type of  publication (article, 
abstract), type of  therapy, use of  different drugs, duration 
of  comparative eradication treatment, and effectiveness. 
Review articles, theses, dissertations, letters to the editor 
and commentaries were excluded. Fifty-five articles were 
included in this review.

Quantitative data of  the articles used in this review 
are described in Table 1.

TRIPLE THERAPY
Over the last two decades, the recommended first-line 
treatment for the eradication of  H. pylori has been the 
standard triple therapy, comprising a PPI, amoxicillin and 
clarithromycin or metronidazole[11,12]. In African patients, 
the success rate of  the triple therapy is 80%-90%[13]. 
However, the effectiveness of  this traditional system, 
which was initially 90%, has progressively decreased in 
many parts of  the world and is currently 57%-73%[11]. 
We were able to confirm that the eradication rate of  H. 
pylori infection after standard triple therapy is decreasing 
worldwide[14].

The 3rd Brazilian Consensus on H. pylori recommend 
conventional triple therapy as the primary treatment 
option. This regimen consists of  the administration of  
one PPI at the standard dose, 1 g amoxicillin and 0.5 g 
clarithromycin twice daily for 7 d. The recommendations 
by consensus groups of  a 7-d treatment are supported 
by increased patient adherence and reduced financial 
costs. In addition, similar rates of  efficacy, safety and 
patient compliance are observed with both one week and 
two weeks of  triple-therapy treatments[9,15,16]. However, 
there have been proposals suggesting variations in this 
triple therapy, including the use of  metronidazole[17], 
moxifloxacin[18], azithromycin[19] or levofloxacin[20-26] 

instead of  clarithromycin when patient resistance to 
clarithromycin occurs. 

A prospective study was performed at the Hospital 
of  Lidice, Venezuela from October 2010 to October 
2011 of  two groups of  patients presenting with dyspeptic 
symptoms who underwent upper gastrointestinal 
endoscopy and whose biopsies were positive for infection 
with H. pylori[11]. The group evaluated the efficacy of  triple 
therapy with PPI, levofloxacin and amoxicillin in the 
eradication of  H. pylori compared with the conventional 
triple therapy. They observed that the eradication rate of  
the triple therapy with levofloxacin was superior to the 
same therapy with clarithromycin[11]. Another prospectively 
randomized, parallel-group, comparative, multicenter 
study carried out at two centers in the Kingdom of  Saudi 
Arabia (Al Noor Hospital in Makkah and Al Ameed 
Polyclinic in Al Kharj) and the National Liver Institute 
in Egypt evaluated the eradication rate, tolerability, and 
patient compliance of  levofloxacin, clarithromycin and 
esomeprazole-combined triple therapy for H. pylori 
eradication[25]. The patients in group 1 received 500 mg 
clarithromycin twice daily, 1000 mg amoxicillin twice daily, 
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clarithromycin resistance, and it is not recommended 
in areas where these rates are higher than 20% in the 
population[9,27-31]. To evaluate the use of  a lower dose 
of  clarithromycin, Kaboli et al[32] performed a clinical 
assay using vitamin C as an adjuvant treatment. This 
group demonstrated that vitamin C may allow for the 
reduction of  the necessary dosage of  clarithromycin 
in the eradication of  H. pylori. Similarly, Zojaji et al[33] 

demonstrated that the addition of  vitamin C to the H. 
pylori treatment regimen of  amoxicillin, metronidazole 
and bismuth could significantly increase the H. pylori 
eradication rate.

The prevalence of  clarithromycin resistance in H. 
pylori has been evaluated in Recife, which is a city in 
northeastern Brazil[34]. From January 2006 to December 
2007, 114 gastric biopsy samples positive for H. 
pylori at the time of  culture were directly assayed by 
polymerase chain reaction (PCR) to detect the most 
frequent point mutations involved in clarithromycin 
resistance. Based on the results of  the PCR, which 
detected three specimens with the H. pylori-resistant 
genotype, primary clarithromycin resistance was found 
in 15 (16.5%) patients. This prevalence has also been 
reported in southeastern Brazil, 16% in São Paulo, and 
17.3 % in Belo Horizonte[34]. In Colombia, Trespalacios 
et al[35] demonstrated resistance to triple therapy with 
metronidazole, clarithromycin and amoxicillin by the 
E-test method. Genomic DNA was extracted, and the 
vacA and cagA allelic variants were identified by PCR. 
Metronidazole resistance was observed in 81.01% of  the 
patients (95%CI: 70.3%-88.6%), amoxicillin resistance in 
38% (95%CI: 0%-8.6%), and clarithromycin resistance 
in 17.72% (95%CI: 10.37-28.29)[33]. Clarithromycin 
resistance was demonstrated in 47.5% of  patients with 
dyspepsia at the Endoscopy Unit of  the Department 
of  Gastroenterology, Duzce University, Medical Faculty 
Hospital, Konuralp/Duzce, Turkey[35]. These findings 
demonstrate the need for new therapies in populations in 
which there is resistance to clarithromycin.

SEQUENTIAL THERAPY
Sequential therapy was introduced in Italy in 2000. This 
regimen is a simple 10-d dual therapy that includes a PPI 
plus 1 g amoxicillin, which are both administered twice 
daily for the first 5 d, after which patients undergo triple 
therapy, which includes a PPI, 500 mg clarithromycin, and 
tinidazole (all drugs are administered twice daily) for the 
remaining 5 d. In general, this regimen represents a novel 
therapeutic approach based on different combinations of  
available antibiotics[14,15,17].

As demonstrated by some studies, one advantage of  
the sequential treatment is that its efficacy appears to be 
less affected by clarithromycin resistance compared with 
that of  the triple therapy[36]; for this reason, this type of  
therapy has the potential to become the standard first-
line treatment for H. pylori infection[37-42].

Various trials have compared the efficacies of  

sequential therapies with that of  the standard triple therapy 
in curing H. pylori infection. In Taiwan, a multicenter, open-
label, randomized study performed at gastroenterology 
clinics at six studies demonstrated that the use of  30 mg 
lansoprazole and 1 g amoxicillin for the first 5 d followed 
by 30 mg lansoprazole, 500 mg clarithromycin, and 500 
mg metronidazole for an additional 5 d and the use of  14 
d of  30 mg lansoprazole and 1 g amoxicillin for the first 7 
d followed by 30 mg lansoprazole, 500 mg clarithromycin, 
and 500 mg metronidazole for an additional 7 d have the 
same efficacies compared with that of  14 d of  standard 
triple therapy (30 mg lansoprazole, 1 g amoxicillin, and 500 
mg clarithromycin)[37].  

However, at an outpatient center of  an academic 
medical center in Turkey, patients were treated with 40 
mg esomeprazole and 1 g amoxicillin for the first week 
followed by 40 mg esomeprazole, 500 mg levofloxacin 
and 500 mg metronidazole for the second week, and 
the results were compared with those obtained from 
patients treated with standard triple therapy (40 mg 
esomeprazole, 1 g amoxicillin and 500 mg clarithromycin) 
for 2 wk. This study revealed that the H. pylori eradication 
rate per protocol was 90% in the sequential treatment 
group versus 57% in the standard treatment group; this 
difference was statistically significant (P < 0.000)[38]. 
Another study performed in Turkey compared the 
effects of  14 d of  an amoxicillin treatment (40 mg 
pantoprazole and 1 g amoxicillin for 5 d followed 
by 40 mg pantoprazole, 500 mg tetracycline, 500 mg 
metronidazole, and 1 g amoxicillin for the remaining 9 
d) and 5 d of  an alternative amoxicillin treatment (40 mg 
pantoprazole and 1 g amoxicillin for 5 d followed by 40 
mg pantoprazole and 500 mg tetracycline) administered 
during tetracycline-containing sequential H. pylori therapy 
on the eradication rate. This group showed that an 
extended duration of  amoxicillin administration during 
the entire tetracycline-containing sequential therapy 
period did not improve the H. pylori eradication rate, 
which may indicate that sequential therapy using 5 d of  
amoxicillin is an acceptable first-line therapy option for 
the eradication of  H. pylori in the Turkish population[39].

Also in Turkey, the efficacy of  a modified sequential 
therapy with bismuth subcitrate as a first-line therapy was 
demonstrated. The patients received 40 mg pantoprazole 
for 14 d, 4: 300 mg colloidal bismuth subcitrate tablets 
per d (two tablets before breakfast and dinner for 14 
d), 1 g amoxicillin (for the first 7 d), 500 mg tetracycline 
(for the second 7 d) and 500 mg metronidazole (for 
the second 7 d)[41]. When compliance was observed, 
the results were satisfactory, and the side effects were 
minimal; all of  the side effects could be reversed and 
resolved after the cessation of  the related treatment[41].

When the treatment times were compared, similar 
results were observed[37,42,43]. As described above, in 
Taiwan, there was no difference between standard triple 
therapy and a 10-d sequential treatment using 30 mg 
lansoprazole and 1 g amoxicillin for the first 5 or 7 d 
followed by 30 mg lansoprazole, 500 mg clarithromycin, 
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and 500 mg metronidazole for an additional 5 or 7 d[37]. 
Furthermore, when we compared the efficacies of  14-d 
(40 mg pantoprazole and 1 g amoxicillin for 5 d followed 
by 40 mg pantoprazole, 500 mg tetracycline, 500 mg 
metronidazole, and 1 g amoxicillin for the remaining 9 d) 
and 5-d (40 mg pantoprazole and 1 g amoxicillin for 5 d 
followed by 40 mg pantoprazole, 500 mg tetracycline, and 
500 mg metronidazole for the remaining 9 d) amoxicillin 
treatments we observed no difference, which indicates 
that sequential therapy using 5 d of  amoxicillin treatment 
is an acceptable first-line option for the eradication of  
H. pylori in Turkish patients[42]. In Korean patients, a 
different comparison was made. The 10-d sequential 
treatment (1.0 g amoxicillin and 20 mg rabeprazole twice 
daily for the first 5 d followed by 20 mg rabeprazole, 500 
mg clarithromycin and 500 mg tinidazole twice daily for 
the remaining 5 d) was compared with (1) standard triple 
therapy (20 mg rabeprazole, 1.0 g amoxicillin and 500 
mg clarithromycin twice daily) for 7 d; (2) standard triple 
therapy for 10 d; and (3) standard triple therapy for 14 d. 
No significant differences between the 10-d sequential 
eradication therapy for H. pylori and any duration of  
the standard triple treatment tested (7-, 10- and 14-d 
regimens) were observed in these patients[43]

Collectively, these results suggest that the sequential 
treatment may be used as the standard first-line 
treatment for infection with H. pylori in Taiwanese[34,35], 
Turkish[36,38-42] and Greek[37] patients. Moreover, the 
14-d sequential therapy combined with bismuth has 
been shown to achieve high eradication rates in Turkish 
patients infected with H. pylori[38].

QUADRUPLE THERAPY
A significant number of  patients remain infected 
despite several consecutive standard treatment regimens. 
Increased resistance to clarithromycin and metronidazole 
has been reported as the main cause of  the decreased 
success rates of  H. pylori eradication therapies, and several 
studies have reported intention-to-treat eradication rates 
of  less than 80%[41,42]. Because of  the non-satisfactory 
results observed with PPI-based triple regimens, the 
uses of  second-line therapies have increased, including 
the use of  bismuth-containing quadruple therapy (PPI, 
bismuth citrate, tetracycline, and metronidazole). This 
therapy comprises a PPI, tetracycline or amoxicillin 
and doxycycline, metronidazole and a bismuth salt[9]. 
Although many studies have reported the efficacy of  
quadruple therapy, those performed on the Iranian 
population have demonstrated a lower eradication rate 
compared with those achieved using the common triple-
treatment regimens[43,44]. These studies compared a 14-d 
quadruple therapy comprising 20 mg omeprazole, 500 
mg metronidazole, 1 g amoxicillin, and 240 mg bismuth 
subcitrate (twice daily) with a 14-d triple regimen. 

In contrast to these findings, an additional study 
performed on the Iranian population demonstrated 
that a bismuth-containing quadruple regimen (20 mg 

esomeprazole, 0.5 g clarithromycin, 1.0 g amoxicillin, and 
220 mg bismuth potassium citrate for 7 d) achieved a 
very high eradication rate compared with those observed 
using classical triple therapies[45]. In addition, in the 
Chinese population, the efficacy of  a quadruple therapy 
containing doxycycline (20 mg esomeprazole, 220 mg 
bismuth potassium citrate, 1 g amoxicillin and 100 mg 
doxycycline, all b.i.d. for ten d) or tetracycline (20 mg 
esomeprazole b.i.d., 220 mg bismuth potassium citrate 
b.i.d., 400 mg metronidazole b.i.d. and 750 mg tetracycline 
q.i.d. every 6 h for ten d) was demonstrated[46].

The main adverse effects of  the 4-drug regimen 
observed in the clinical trials were black stool, nausea, 
headache and dizziness. However, the safety of  these 
drugs during pregnancy is still unknown[47]. 

Our comparison of  the efficacies of  the different 
quadruple-therapy protocols with the treatment period, 
produced contrasting results. A Korean study involved 
227 patients with persistent H. pylori infection that had 
been previously treated with first-line PPI-clarithromycin-
amoxicillin triple therapy, who were randomized to 1-week 
(112 patients) and 2-week (115 patients) quadruple 
therapies with 300 mg tripotassium dicitrate bismuthate 
q.i.d., 500 mg metronidazole t.i.d., 500 mg tetracycline 
q.i.d. and 20 mg esomeprazole b.i.d. This study 
demonstrated that the two-week bismuth-containing 
quadruple therapy was more effective than the 1-week 
treatment and should be considered as a second-line 
treatment[48-51]. However, Agah et al[52] (2009) compared 
the efficacies of  two quadruple-therapy regimens for H. 
pylori eradication in patients with dyspepsia; one included 
azithromycin, and the other included metronidazole. The 
first group of  patients received 500 mg metronidazole 
b.i.d, 1 g amoxicillin b.i.d, 20 mg omeprazole b.i.d, and 
240 mg bismuth b.i.d, and the second group received 500 
mg azithromycin once daily for 1 wk and 1 g amoxicillin 
b.i.d, 20 mg omeprazole b.i.d, and 240 mg bismuth 
b.i.d for 2 wk. No significant differences were observed 
between the two quadruple-therapy regimens that were 
evaluated[49]. However, Rogha et al[53] (2009) demonstrated 
that one-week quadruple regimens involving 3 d of  
azithromycin treatment (500 mg azithromycin twice 
daily for 3 d and 20 mg omeprazole, 1 g amoxicillin, and 
240 mg bismuth all twice daily for 1 wk) might be more 
favorable for H. pylori eradication compared with a two-
week quadruple-therapy regimen (500 mg azithromycin 
twice daily for 6 d and 20 mg omeprazole, 1 g amoxicillin, 
240 mg bismuth all twice daily for 2 wk)[50].

Furthermore, a novel non-bismuth quadruple therapy, 
the concomitant therapy, has been proven successful in 
the presence of  clarithromycin resistance. It is a 4-drug 
regimen containing a PPI, clarithromycin, amoxicillin and 
metronidazole, which are all administered for the entire 
duration of  therapy. It is less complex than sequential 
therapy and has excellent potential for replacing standard 
triple therapy as the first-line treatment for H. pylori 
infection, particularly in regions with high levels of  
clarithromycin resistance[54]. In a prospective, randomized, 
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controlled study performed by Hsu et al[54] conducted 
at the Kaohsiung Veterans General Hospital in Taiwan, 
concomitant therapy was shown to be superior to triple 
therapy for H. pylori eradication and less complex than 
sequential therapy. Similarly, Liu et al[55] showed that both 
sequential therapy and modified bismuth-containing 
quadruple therapy were highly effective in Hong Kong 
Chinese patients.  

CONCLUSION
Studies of  new drug therapies for the eradication of  H. 
pylori have shown improved efficacies compared with 
that of  standard triple therapy, which is mainly limited 
by clarithromycin resistance. Therefore, further research 
on clarithromycin resistance in patients worldwide is 
essential to ensure for the development of  adequate 
treatments because treatments using this antibiotic have 
been proven to be effective in some regions of  the 
world. Further validation studies of  different treatment 
method in addition to resistance studies are essential for 
providing clinicians with a greater range of  options for 
the eradication of  H. pylori.
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