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Abstract

Helicobacter pylori is one of the most commonly seen bacterium worldwide. It’s in the etiology of multiple gastrointestinal diseases, ranging from gastritis to gastric carcinoma. The antimicrobial therapies, which are frequently prescribed empirically, are losing their effectivity as a result of the increasing antimicrobial resistance. As the standard triple therapy is now left especially in areas with high-clarithromycin resistance due to decreased eradication rates, quadruple therapies are recommended in most regions of the world. Alterna​tively, concomitant, sequential and hybrid thera​pies are used. There is still a debate going on about the use of levofloxacin-based therapy in order to prevent the increase in quinolone resistance. If no regimen can achieve the desired eradication rate, culture-guided individualized therapies are highly recommended. Probiotics, statins and n-acetylcysteine are helpful as adjuvant therapies in order to increase the effectiveness of the eradication therapy. Herein, we focused on different eradication regimens in order to highlight the current Helicobacter pylori treatment. 
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INTRODUCTION

Helicobacter pylori (H. pylori), a gram-negative microaerophilic spiral bacillus discovered in 1983, affects nearly 50% of the world’s population. While the prevalence is as high as 90% in developing countries, it is below 40% in developed countries, besides Japan[1]. Many studies have revealed a strong relation between the organism infection and gastric disorders, especially functional dyspepsia, peptic ulcer disease, gastric carci​noma and mucosa associated lymphoid tissue-lym​phoma[2]. Moreover, extra-digestive diseases are also associated with H. pylori; idiopathic thrombocytope​nic purpura and idiopathic iron deficiency anemia[3]. Therefore, eradication of H. pylori is an important issue, which still remains unsolved. Today, there is still not a single optimal antibiotic treatment for eradication. Herein, we focused on many articles published over the past years on H. pylori eradication regimens and their efficacy.
FIRST-LINE THERAPY

In the 90’s, Bazzoli et al[4] first proposed the clarithrom​ycin based standard triple therapy -clarithromycin, proton pump inhibitor (PPI) plus amoxicillin or metronidazole given for 7-14 d - which then became the gold standard in the treatment of H. pylori (Table 1). While the high eradication success (> 80%), optimal safety profile and relative simplicity made this regimen one of the standard of care treatments for first-line eradication of H. pylori, the raise in clarithromycin resistance in the 2000’s caused a significant decline in the efficacy of this standard regimen[5]. In their study, Lee et al[6] reported the factors causing treatment failure as; age ≥ 50 years, female gender, body mass index < 25 kg/m2, amoxicillin, and/or clarithromycin resistance by univariate analysis. On the other hand, clarithromycin resistance was the only worthy para​meter found by multivariate analysis. Clarithromycin works by interrupting the bacterial protein synthesis and resistance is caused by a mutation in the organism, which prevents the binding of the antibiotic to the ribosome of H. pylori[7]. The use of clari​thromycin for respiratory and gastrointestinal infec​tions causes the increased resistance rates[8]. High bacterial load, strain types, high gastric acidity and low compliance are the other contributors to eradication failure[9]. New evidence suggests that treatment failure may be due to the ability of the bacterium to control T-cell responses[10]. The clarithromycin resistance rate is variable in diff​erent parts of the world; the most recent report from European Helicobacter Study Group stated the primary resistance rate for clarithromycin as 17.5%[11]. The threshold of 15%-20% prevalence is used to classify low or high clarithromycin resistance[12]. That determines the approach to H. pylori eradication.

First-line treatment may be split into two groups; treatment in areas with low clarithromycin resistance and in areas with high clarithromycin resistance. The most frequently used regimen in areas with low clarithromycin resistance is standard triple therapy while bismuth-containing quadruple therapy is also an alternative. The duration of therapy is suggested as 14 d by meta-analyses with eradication rates 5% higher than those with 7 d[13]. A Cochrane systemic review looked at 75 eligible studies and found that eradication rate was 83.5% for PPI, amoxicillin and clarithromycin; for PPI, clarithromycin and metronidazole the rate was 68.6% and for PPI, amoxicillin and metronidazole it was found to be 82%; each therapy lasting 14 d[14].

Increased dose of PPI, as strong suppression of acid secretion is essential for the stability and biological activity of antibiotics, or the increased length of treat​ment are factors improving the efficacy rates. A meta-analysis showed a greater beneficial effect with a double dose of esomeprazole while another meta-analysis showed lower cure rates in hosts who are extensive PPI metabolizers (depending on their cytochrome P450 status which PPI function relies on)[13]. Taking this into account, a study found out that admi​ni​stration of a PPI four times daily with amoxicillin or metronidazole in clarithromycin resistance, may result with eradication rate of 98%[15]. In a study done by Altintas et al[16] comparing the efficacy of different proton pump inhibitors - omeprazole, lansoprazole and pantoprazole - in combination with amoxicillin and clarithromycin in the first line eradication of H. pylori, there wasn’t any difference between the three groups[16]. Another meta-analysis done by Vergara et al[17] including fourteen studies found no difference between proton-pump inhibitors when used in standard triple therapy for H. pylori eradication. The in vitro antibacterial activity of proton pump inhibitors vary but still the eradication rates are similar which suggests that acid inhibition is the main antibacterial mechanism of proton-pump inhibitors in vivo[17]. On the other hand, although the eradication rate of triple therapy with clarithromycin fell to 65%, it remained as high as 84% with metronidazole[18]. It is mostly due to the fact that metronidazole resistance may be overcome by increasing the dose and prolonging treatment duration[19]. In areas with high clarithromycin resistance (i.e., Spain, Turkey, Alaska, China and Japan) bismuth quadruple, sequential, concomitant and hybrid therapies may be used[20].

BISMUTH QUADRUPLE THERAPY

Bismuth quadruple therapy is recommended as a first-line therapy in areas with high clarithromycin resistance, as an alternative first-line therapy in areas with low clarithromycin resistance or as an empirical treatment when clarithromycin therapy fails (Figure 1)[21]. It involves combination of a PPI, bismuth subsa​licylate, metronidazole and tetracycline for 10 to 14 d (Table 1). This treatment is ideal as a second-line therapy, as recommended by The Maastricht IV Consensus Report[22] and the Second Asia-Pacific Consensus Guidelines[23]. Since it doesn’t contain clarithromycin, compliance with the regimen is high and also metronidazole resistance in vitro does not affect the outcome significantly[19]. Salazar et al[24] reported an eradication rate greater than 95% with 14-d bismuth-quadruple therapy. A study from China, looking at the efficacy of bismuth quadruple therapy with lansoprazole as PPI and tetracycline/amoxicillin with metronidazole or furazolidone yielded eradication rates of 87.9%-95.2%; best outcome being the combination of lansoprazole, bismuth, amoxicillin and furazolidone[25]. 

Among the meta-analyses comparing standard triple therapy with bismuth quadruple therapy as first-line treatment, a study done by Venerito et al[26] showed eradication rate of 77.6% with bismuth quadruple therapy whereas it was 68.9% with clarithromycin-based standard therapy. A meta-analysis done by Luther et al[27] concluded that quadruple and triple therapies yielded similar eradication rates when applied as primary therapy for H. pylori infection and revealed similar side effects. In regions with high clarithromycin resistance, it is suggested as first-line therapy and achieved eradication rate of 82% compared to standard triple therapy[12]. Marin et al[28] reported eradication rates of 76%, 77% and 82% for 7, 10 and 14 d, respectively, with bismuth quadruple therapy when they applied bismuth quadruple therapy as rescue therapy. Also, Liang et al[25] declared eradication rates of > 90% in patients who did not respond to previous therapies, including those with metronidazole resistance.

As bismuth is concentrated in H. pylori and the organism doesn’t develop resistance to it, applying bismuth quadruple therapy is advantageous over non-bismuth therapy[7]. The main limitations of this therapy are non-availability of bismuth salts or tetracycline in some countries as well as potential toxicity of bismuth. Nevertheless, no differences in terms of tolerability were found between non-bismuth and bismuth con​taining therapies in a study among 4763 patients, except dark stools being more common in bismuth-containing group[29]. A single capsule formulation has been developed (Pylera) to overcome the complexity of quadruple therapy and showed good efficacy[20]. If the bismuth quadruple therapy is not available, sequential, concomitant or hybrid therapies may be administered. 

SEQUENTIAL THERAPY

Sequential therapy, proposed by a group of Italian researchers, is a novel treatment intending to administer the antimicrobials in sequence. It is a 10-d treat​ment consisting of 5 d of PPI therapy with amoxicillin followed by a further 5 d of PPI with clarithromycin and metronidazole (Table 1). The main goal of sequ​ential therapy, which has shown to have success rate of 90%-94% in several studies, is to overcome clarithromycin resistance[20]. It has been deemed that administration of amoxicillin deteriorates the bacterial cell wall, which ends up transferring clarithromycin out of the bacteria by preventing the development of efflux channels[5]. A study from China showed that sequential therapy achieves significantly higher eradication rates than triple therapy in patients with clarithromycin-resistant strains; while neither treatment was good enough to reach an eradication rate higher than 55% when clarithromycin and metronidazole resistance exists[30]. Similar results were obtained in a study from Korea where a high prevalence of clarithromycin resis​tant H. pylori is seen; eradication rates of 79% and 62% with sequential and triple therapy, respectively[31]. One study from Turkey, where clarithromycin resistance is high, reported success rate of 78% with sequential therapy vs 53% with standard triple therapy[32]. However, a recent meta-analysis evaluating H. pylori eradication rates in children showed that although sequential therapy is superior to 7-d triple therapy, it is not significantly better than 10- or 14-d triple therapy[13]. Three meta-analyses that took place in Asia in 2014 comparing efficacy of sequential therapy with standard triple therapy, favored sequential therapy over standard therapy[33-35]. Also, in a meta-analysis done by Zullo et al[36] success rate of sequential regimen was found higher (approximately 10%) compared to the triple therapy. Beside the mentioned study and meta-analyses, in Latin America countries, studies showed that standard triple therapy for 14 d was superior to sequential therapy (82% vs 76.5% respectively). This conflicting data might be due to variations in the prevalence of antibiotic resistance, which are lower in Latin America countries[37].

Sequential therapy is also recommended as first-line therapy like bismuth quadruple therapy in areas with high-clarithromycin resistance, i.e., Italy and China with 90%-92% success rates[20]. In areas where bismuth drugs are not available, it may be necessary to prescribe sequential therapy[22]. A study done by Liu et al[38] reported that 10-d sequential and modified bismuth quadruple therapies are both highly effective as empirical first-line therapies in Chinese patients. 

CONCOMITANT THERAPY

Concomitant therapy is proposed in order to reduce the complexity of sequential therapy which involves simultaneous administration of three antibiotics and a PPI for 10 d (Table 1). This treatment is used in areas where high-clarithromycin resistance is present and bismuth-based quadruple therapy is not available (Figure 1). When compared with standard triple therapy in meta-analyses of randomized trials concomitant therapy was found to be superior to standard triple therapy with 90% eradication rate[39]. In the presence of dual-resistance (100% clarithromycin and 91% metronidazole resistance), eradication rate was only 55% with concomitant therapy[5]. However, in a recent controlled trial done in Greece where clarithromycin resistance was 25% and metronidazole resistance was 40%, eradication rate was 90% under concomitant therapy[40]. Considering the sequential therapy, the eradication rates were found similar in a prospective randomized clinical trial in Spain; 91% with concomitant therapy and 86% with sequential therapy[41]. In addition, Gatta et al[42] found no superiority between sequen​tial and concomitant therapies. If the concomitant therapy fails, empirical therapy becomes difficult due to exposure to both metronidazole and clarithromycin; as a result, a levofloxacin-containing or rifabutin-containing regimen may be necessary[7].

HYBRID THERAPY

Hybrid (dual-concomitant) therapy, which consists of two steps; 7 d of PPI and amoxicillin followed by a PPI and clarithromycin, amoxicillin and metronidazole, intends to overcome resistance with the benefits of four drugs of the concomitant therapy (Table 1). This therapy was first described by Hsu et al[43] and eradication rate of 99% by per-protocol and 97.4% by intention-to-treat analysis were obtained in 117 treated patients. Studies done involving Spanish and Italian people showed similar eradication rates (approximately 90%) for both hybrid and concomitant therapies[42]. Comparing hybrid and sequential therapies, 89.5% and 76.7% success rates were reported in a study with similar severe adverse effects[13]. More studies are needed to understand the efficacy of hybrid therapy. 

LEVOFLOXACIN/RIFABUTIN BASED QUADRAPLE THERAPY

Levofloxacin-based therapy is recommended whenever bismuth quadruple therapy fails, in areas with both low and high clarithromycin resistance. It is a 10-d treatment with amoxicillin, levofloxacin and PPI (Table 1). Although eradication rate is around 90% when used instead of clarithromycin in either triple or sequential therapies, the obstacle to use levofloxacin as a first-line treatment is the increasing frequency of quinolone resistance; which is currently 40% in America, 20% in Europe and 10% in Asia[5,44]. The meta-analysis done among patients who failed eradication with standard triple therapy showed better eradication rates with levofloxacin triple therapy than bismuth quadruple therapy, 81% and 70% respectively[45]. Including levofloxacin instead of clarithromycin in sequential therapy showed higher eradication rates in a study done by Gatta et al[42] Moxifloxacin and sitafloxacin may also be used but there is no evidence supporting advantage over levofloxacin. It is better to reserve fluoroquinolones for use in rescue regimens when the therapy with clarithromycin or metronidazole treatment fails. 

Another salvage therapy is with rifabutin (Table 1). The advantage is the low frequency of rifabutin resis​tance. In a study done in Korea, where high preva​lence of levofloxacin resistance is seen, amongst patients who had failed two initial regimens rifabutin triple therapy had better eradication rates than levofloxacin triple therapy, 71% and 57% respectively[46]. 50% success rate was achieved by rifabutin-based therapy in patients who had failed clarithromycin-, metronidazole- and levofloxacin-based therapy[47].

THIRD-LINE THERAPY

The Maastricht IV Consensus Report recommends antimicrobial susceptibility testing when the second-line treatment fails[22]. Although it will provide the best choice of antibiotics that can be used, the sensitivity of culture has been reported as < 60%[18]. In a study done by Cammarota et al[48], 90% of eradication rate was obtained among patients treated with a culture-guided third-line regimen. Culture-guided therapy is a 10-d quadruple therapy comprising a PPI, bismuth and two antibiotics selected by antimicrobial sensitivity tests (Table 1). 

ADJUVANT THERAPIES

There are multiple approaches identified to overcome the side effects and increase the efficacy of treatment in H. pylori infections. Nowadays, use of probiotics is an emerging treatment option. They improve the eradication rates and side effects of the therapies used in H. pylori treatment by reducing H. pylori adhesion or colonization[49]. While a meta-analysis evaluating probiotics found increase in eradication rates with both Lactobacillus and Bifidobacterium, no significant improvement in side effects was seen[50]. A meta-analysis of nine studies on probiotic use as an adjuvant therapy found raise in eradication rates by 17%[51]. When Saccharomyces boulardii was added to H. pylori eradication regimens, decrease in side effects, especially in diarrhea, was observed as well as higher eradication rates[50,52]. Since the safety profile of probiotics is known, it is reasonable to suggest people under H. pylori therapy to eat yogurt. 

Pre-treatment with n-acetlycysteine as a mucolytic agent is another approach to destroy the biofilm of H. pylori and overcome the antibiotic resistance[53]. In a randomized controlled trial done amongst patients with a history of at least four eradication failures, the eradication rates were found higher in the group who received n-acetylcysteine before a culture-guided regimen[54].

Simvastatin was used in a randomized controlled trial where the proposed mechanism of action was its anti-inflammatory effect other than its cholesterol lowering effect and the eradication rates were found to be increased but no improvement was noted in side effects[55].

The studies on vaccine against H. pylori still continue. A recent vaccine based on Cag A - Vac A - neutrophil-activating proteins was developed but although recognized by the host’s cellular and humoral immune systems, limited immunogenicity was observed[56]. Altman et al[57] modulated H. pylori lipopolysaccharides chemically to enhance immunogenicity which enhanced antibody responses and a modest reduction in gastric H. pylori load when administered prophylactically. Still, there is no vaccine in use. 

CONCLUSION 

H. pylori is associated with multiple diseases and 100% eradication is still not possible. Even after a successful eradication, reinfection or recurrence can occur. The efficacy of standard triple therapy is decreasing whilst the bismuth quadruple and sequential regimen has been proven to achieve higher cure rates. Even though there are multiple guidelines (all therapies are summarized in Table 1) about the treatment regimens, increasing antibiotic resistance as well as different frequencies in resistance in different areas of the world suggests the optimal approach in the treatment of patients with H. pylori infections to be individualized therapy, which is a highly active and well-tolerated regimen. Use of probiotics, pre-treatment with n-acetylcysteine and statins may help as adjuvant therapies.
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Figure 1  Helicobacter pylori treatment algorithm.
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Table 1  Regimens for Helicobacter pylori treatment


  Standard triple therapy  


  (7-14 d)�
PPI - standard dose, bid


Clarithromycin - 500 mg, bid


Amoxicillin - 1 g, bid�
�
  Bismuth quadruple 


  Therapy (10-14 d)�
PPI - standard dose, bid


Bismuth - standard dose, qid


Tetracycline - 500 mg, qid


Metronidazole - 500 mg, tid�
�
  Sequential therapy


  (5-d dual therapy followed 


  by a 5-d triple therapy) �
Dual therapy; PPI - standard dose, bid 


Amoxicillin - 1 g, bid 


Triple therapy; PPI - standard dose, bid 


Clarithromycin - 500 mg, bid


Metronidazole - 500 mg, bid�
�
  Concomitant therapy 


  (7-10 d)�
PPI - standard dose, bid


Clarithromycin - 500 mg, bid


Amoxicillin - 1 g, bid


Metronidazole - 500 mg, bid�
�
  Hybrid therapy 


  (7-d dual therapy followed 


  by a 7-d quadruple therapy)�
Dual therapy; PPI - standard dose, bid 


�
�
�
Amoxicillin - 1 g, bid


�
�
�
Triple therapy; PPI - standard dose, bid


�
�
�
Amoxicillin - 1 g, bid


�
�
�
Clarithromycin - 500 mg, bid


�
�
�
Metronidazole - 500 mg, bid


�
�
  Levofloxacin-based triple 


  therapy (10-d)�
PPI - standard dose, bid


�
�
�
Levofloxacin - 500 mg, qd


�
�
�
Amoxicillin - 1 g, bid


�
�
  Rifabutin-based triple 


  therapy (7-14 d)�
PPI - standard dose, bid


�
�
�
Amoxicillin - 1 g, bid


�
�
�
Rifabutin - 150 mg, qd


�
�
  Culture-guided therapy 


  (10-d)�
PPI - standard dose, bid


�
�
�
Bismuth - standard dose, qid


�
�
�
Two antibiotics selected by antimicrobial sensitivity tests


�
�
PPI: Proton pump inhibitor; bid: Twice daily; qd: Once daily; qid: Four times daily; tid: Three times daily.








