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Abstract

Introduction: Recent Helicobacter pylori treatment guidelines recommend the 4-drug 

combinations bismuth quadruple therapy and concomitant therapy.

Areas covered: We review antimicrobial therapy for H. pylori in the context of antimicrobial 

therapy in general and specifically in relation to good antimicrobial stewardship (defined as 

optimal selection, dose, and duration of an antimicrobial that results in the best clinical outcome 

for the treatment of infection, with minimal toxicity to the patient and minimal impact on 

subsequent resistance).

Expert commentary: The lack of regional and local H. pylori susceptibility data prevents 

implementation of susceptibility-based antimicrobial therapy and forces compromises. Bismuth 

quadruple therapy employing at least 1,500 mg of metronidazole for 14 days is effective despite 

metronidazole resistance. The main drawback is side effects causing reduced adherence. Versions 

where amoxicillin replaces metronidazole or tetracycline also appear effective. It is likely that 

bismuth quadruple therapy can be simplified by giving bismuth and tetracycline b.i.d., possibly 

with fewer side effects. Concomitant therapy (a proton pump inhibitor, metronidazole, 

clarithromycin, amoxicillin) is ineffective with dual clarithromycin-metronidazole resistance and 

all patients receive at least one unnecessary antibiotic thus promoting antimicrobial resistance 
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worldwide. Concomitant therapy should be abandoned when susceptibility testing becomes 

widespread or an alternate becomes available.

Keywords

amoxicillin; antibiotic misuse; antimicrobial stewardship; bismuth; clarithromycin; Helicobacter 
pylori; metronidazole; proton pump inhibitor; resistance; susceptibility; tetracycline; vonoprazan

1. Introduction

Helicobacter pylori is one of the most common serious chronic bacterial infectious diseases 

of mankind. Development of antimicrobial therapies for H. pylori has been a unique 

experience in the annals of infectious diseases. Since the discovery of antibiotics, the 

approach to development of effective therapies has relied in vitro testing to identify 

potentially effective antimicrobials that can achieve minimal inhibitory concentrations 

(MICs) in vivo [1]. The antimicrobial predicted to be functional at the sites of the infection 

are tested experimentally to confirm effectiveness in vivo. The ultimate goal is to identify 

and optimize drugs, doses, formulations, frequency of administration, routes of 

administration, and duration of therapy that will reliable cure the infection which are then 

recommended to clinicians. For many infectious diseases, a single antibiotic is sufficient 

although an adjuvant, such as the β-lactamase inhibitor clavulanic acid, might also be 

included. Persistent or slow growing infections, such as mycobacterial infections or H. 
pylori, often require a several antimicrobial usually administered simultaneously for long 

periods to kill persisting organisms and prevent development of emergence of a 

subpopulation of resistant organisms [2]. After an effective regimen is identified and 

instituted, there should be continued surveillance of antimicrobal susceptibility patterns 

which serves to provide an early warning regarding development of resistance which would 

reduce the effectiveness of the preferred regimen [3]. If resistance appeared and began to 

negate the effectiveness of the preferred regimen, the regimen’s use could either be restricted 

to those with proven susceptible infections or the regimen would be abandoned and replaced 

by a new and proved highly effective regimen. This approach requires regular input from the 

infectious disease community with systematic and regular assessment of susceptibility 

patterns needed to inform practitioners when a change in therapy might be needed.

2. Development of H. pylori eradication therapies

Development of H. pylori therapies has often deviated from the development paths outlined 

above. Early experiments indeed showed that the organisms were in vitro susceptible to 

many antimicrobials and treatment, studies showed the infection was easily suppressed but 

cures proved difficult [4]. Antimicrobial therapy was thought to be ineffective for H. pylori 
infections because antibiotics were required to be effective in many and markedly varied 

environments ranging from the highly acidic gastric lumen to killing organisms residing 

within gastric epithelial cells [2]. The stomach is also host to vast numbers of H. pylori 
which greatly increased the likelihood that a small population of resistant organism is 

already present resulting in the reemergence of the infection following therapy [5]. However, 

it was soon found that H. pylori infections could be cured by administration of at least two 
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antibiotics or an antibiotic plus the antimicrobial, bismuth [4] and reviewed in [6]. 

Understanding the details of failure of many new regimens has been delayed because of 

inability to correlate treatment effectiveness with antimicrobial susceptibility. Although 

bacterial culture is offered in almost all hospital laboratories, there has been little demand 

for H. pylori testing, in part because gastroenterologists appear to be comfortable in making 

treatment decisions and analyses regarding H. pylori therapy without susceptibility data 

[7,8].

Experience with the macrolide, clarithromycin, provides an excellent example of the 

problems. Although, initially, cure rates with clarithromycin-containing triple therapy were 

high, widespread use of macrolides for other infections or with febrile episodes rapidly led 

to widespread resistance developing among H. pylori as a bystander phenomena [9–12]. 

This was reflected in a widespread and marked fall in cure rates and in many regions by 

2000 had fallen to cure rates of 80% or less [13,14]. The marked decline in average cure 

rates did not produce great alarm and replacement by an effective regimen. Instead, until 

recently major consensus conferences continued to recommend clarithromycin-containing 

triple therapy as first-line therapy although more than a decade later a caveat about the 

proportion with resistance was added even though clinicians had little or no access to data 

regarding local susceptibility rates [15,16]. Only in 2017, or more than 15 years after 

clarithromycin triple therapy had generally become ineffective, was it recommended not to 

be used unless susceptibility was assured [17]. The recommendation to continue to use 

clarithromycin-containing triple therapy despite poor results may have been in part related to 

the lack of other approved therapies, lack of bismuth in many countries, and unwillingness 

to recommend bismuth quadruple therapy for first line use. However, the fact that many 

opinion leaders and consensus conferences were supported by manufacturers of 

clarithromycin-containing triple therapy likely played an important role [18]. In addition, the 

average clinician was both ignorant and inexperienced in the nuances of how best to manage 

and study and compare infectious disease therapy. Many gastroenterologists approached the 

study of H. pylori therapies as they would inflammatory bowel disease or constipation. Both 

are diseases for which the causes are unknown and a large placebo response is expected 

whereas H. pylori is an infectious disease for which near 100% cure rates are achievable and 

there is no placebo response [19].

Since the discovery of antibiotics, treatment of infectious diseases has been susceptibility-

based and outcome based [1]. Comparative studies are done infrequently and are based on 

confirmation that new therapies provide excellent cure rates that are non-inferior to 

established regimens [7]. Patients with resistance to the drugs being tested are excluded 

whereas many comparative studies done by gastroenterologists admitted and even sought out 

patients to include that had infections resistant to the drugs being used. While, this served to 

ensure that the outcome would be to show superiority of one therapy over another, neither 

therapy was required to achieve an acceptable cure rate and the reason for the difference was 

almost never discussed even though the cause of a low cure rate for one or both regimens 

was well known (i.e., antimicrobial resistance to one or more of the components). The fact 

that one regimen expected to produce inferior cure rates in the population being studied was 

proven to reliably cure at least 95% infections with susceptible organisms was never 

mentioned in the plans or resulting manuscripts. Falling cure rates also resulted in clinicians 
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attempting to improve results by adding an additional antimicrobials (if results with two 

antibiotics are fail, add a third or fourth) resulting in quadruple and even quintuple therapies 

[7].

3. History of quadruple therapies

The first truly successful anti-H. pylori therapy was a triple therapy consisting of bismuth, 

metronidazole, and tetracycline [20]. It proved highly successful and proved effective 

without the use of an H2-receptor antagonist or proton pump inhibitor (PPI) (i.e., it was acid 

independent) [6,20]. However, it was soon recognized that cure rates were lower in the 

presence of metronidazole resistance and that the addition of a PPI, increasing the 

metronidazole dosage to 1,500 or 1,600 mg, and extending the duration to 14 days returned 

the cure rates to greater than 90% among treatment adherent patients. This regime is called 

bismuth quadruple therapy. The patent on this combination was held by Tom Borody and 

while physician used it pharmaceutical companies were unwilling to license it, at least on 

the terms offered and it was not promoted. In contrast, those linked to clarithromycin-

containing therapy disparaged it because of complexity and side effects. Clarithromycin was 

introduced shortly after generic bismuth quadruple therapy and its patent provided 

pharmaceutical companies a clear incentive to promote both clarithromycin triple therapy 

and PPIs which were also relatively new to the market (and to disparage bismuth therapy). 

Widespread macrolide use independent of it use for H. pylori resulted in a rapid spread of 

resistance and a decline in effectiveness of clarithromycin-containing triple therapy. By the 

year 2000 average cure rates had fallen to 80% or below in many regions [6]. As noted 

above, despite decreasing effectiveness, clarithromycin-containing triple continued to remain 

recommended as first choice by consensus conferences. In an attempt to improve outcome 4 

drug therapies containing both clarithromycin and metronidazole (sequential and 

concomitant therapies) were introduced by clinicians [7,21]. Although introduced at the 

same time, 10 day sequential therapy was given to thousands of patients in Italy in trials 

comparing sequential therapy to clarithromycin triple therapy (which was by that time 

known to be poorly effective). In regions such as central Italy, where clarithromycin 

resistance markedly reduced the effectiveness of clarithromycin triple therapy, sequential 

therapy proved more effective typically achieving cure rates between 89% and 95%. The 

failure to include susceptibility testing and thus understand its weakness, allowed sequential 

therapy to be widely used in other regions with different patterns of resistance and were 

failure was common (i.e., in regions where metronidazole resistance or dual clarithromycin-

metronidazole resistance was prevalent sequential therapy produced unacceptably low cure 

rates). The substitution of comparison for superiority rather than base therapy on outcome 

based on susceptibility resulted in poor outcomes for thousands of patients. These data were 

summarized in a large number of meta-analyses designed to identified the better of two 

therapies without regard to the fact that often both produced unacceptably low cure rates (eg, 

[22,23]). It was interesting to note that the authors of these studies and meta-analysis 

typically ignored that the inferior therapy (e.g., triple therapy) was known to produce very 

high cure rates with susceptible infections. This type of meta-analysis is now termed a Hp-

shmeta-analysis defined as meta-analyses that produces useless or erroneous conclusions 

[7,24,25].
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Eventually, sequential therapy was improved by increasing the duration to 14 days and then 

abandoned because simultaneous administration of the same drugs (concomitant therapy) 

always proved equal or superior results and was less complex [25,26]. Concomitant therapy 

consists of 4 drugs: a PPI, amoxicillin, metronidazole and clarithromycin which is 

functionally the same as administration of clarithromycin triple therapy (clarithromycin, 

amoxicillin and a PPI) and metronidazole triple therapy (metronidazole, amoxicillin, and a 

PPI) simultaneously [26]. Thus, those with either clarithromycin susceptible infections or 

metronidazole susceptible infections would be cured by their respective triple therapies 

whereas those with dual clarithromycin-metronidazole resistance would functionally receive 

only amoxicillin and PPI dual therapy [8]. The cure rate with amoxicillin - PPI dual therapy 

is dependent on the duration of therapy and the anti-secretory effectiveness of the PPI and in 

western populations typically ranges from zero to approximately 40% depending on the 

duration, the relative potency of PPI used, and the prevalence of CYP2C19 polymorphisms 

in the population (reviewed in [6]). In some Asian populations high dose PPI and frequent 

administration of amoxicillin has resulted in cure rates over 90% but yet not reliably [27]. 

The outcome of most eradication regimens can now be predicted with reasonably accuracy 

provided one knows a) the proportion with resistance to each component, b) the PPI being 

used, and c) the duration of therapy (i.e., 7, 10, or 14 days) [26,28].

4. Concomitant therapy and antibiotic stewardship, and antibiotic misuse 

with 3 or 4 antibiotic-containing therapies.

Antimicrobial stewardship is defined slightly differently depending on the context [29]. 

Good antimicrobial stewardship has been described as “the optimal selection, dose, and 

duration of an antimicrobial that results in the best clinical outcome for the treatment or 

prevention of infection, with minimal toxicity to the patient and minimal impact on 

subsequent resistance” [30].

Because of the generally low cure rates with triple therapies, the recent Maastricht, Toronto, 

and American College of Gastroenterology H. pylori treatment consensus statements of 

guidelines recommended the use of bismuth quadruple therapy or concomitant therapy as 

first-line therapies [17,31,32]. As noted above the success of concomitant therapy is 

inversely related to the proportion with dual clarithromycin-metronidazole resistance. In 

western countries in H. pylori treatment naïve patients this proportion is often low. However, 

even in these populations it is easy to identify those likely to fail based on their prior 

antimicrobial exposure or country of origin (eg, prior use of macrolide or metronidazole or 

coming from a region where macrolide or metronidazole resistance is know to be common 

such as Central America or Southern Eruope [7,8,10,33,34]. Such data is considered 

standard practice for deciding on which antibiotics to prescribe for other diseases [1]. 

Consensus guidelines recommendations have attempted to deal with the lack of population, 

region, or city-wide susceptibility data needed to accurately inform regarding the likely best 

empiric regimen(s). Even when effective, the 4-drug regimens containing clarithromycin and 

metronidazole foster antibiotic misuse [8,35]. For example, all patients receiving 

concomitant therapy receive at least one antibiotic that has no beneficial effect in curing 
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their infection (eg, those with clarithromycin susceptibility receive unneeded metronidazole, 

etc).

Bismuth has a long history in the treatment of gastrointestinal diseases particularly peptic 

ulcer disease [6]. As noted above, the first successful anti-H. pylori therapy was a multidrug 

regimen containing bismuth. For patients with metronidazole susceptible infections, bismuth 

triple therapy (bismuth, metronidazole, tetracycline) proved effective and even today, 7 day 

bismuth quadruple therapy is expected to cure 95% or more of treatment adherent patients 

[20,36,37]. Although metronidazole resistance reduces the cure rate, metronidazole is 

unique among available H. pylori antibiotics in that strains assessed as resistant in vitro can 

be cured and high cure rates obtained by increasing the duration of treatment and the dosage 

of metronidazole (eg, to 14 days and to 1,500 to 1,600 mg) [6,20].

When susceptibility-based H. pylori therapy becomes widely available, there will be little 

reason to give bismuth quadruple therapy except in the presence resistance to other effect 

drugs including to metronidazole because as noted above metronidazole resistance can be 

partially or completely overcome by increasing the dosage and duration of therapy [38–40]. 

For metronidazole susceptible strains a 14-day metronidazole-containing triple therapy 

would be highly effective and be better tolerated with fewer side-effects than experienced 

with bismuth quadruple therapy [20,36,37]. Metronidazole resistance is the only current 

antibiotic where the problem of resistance can be overcome making the primary indications 

for bismuth quadruple therapy metronidazole resistant infections or in some cases allergy to 

penicillin [6,25](Figure 1).

5. Alternate bismuth quadruple therapy formulations

There are a number of different formulations of a PPI, bismuth, and tetracycline, 

metronidazole or amoxicillin that have been shown to be effective despite being given in 

regions with high rates of metronidazole resistance (Table 1) [38–45,45]. In western 

countries, bismuth quadruple therapy consists of a bismuth given 3 or 4 times daily, 

tetracycline 500 mg q.i.d., metronidazole 500 mg t.i.d., or 400 mg q.i.d., and a PPI give 

twice a day. Side effects occur in approximately 50% and adherence is improved by patient 

education [20]. In many studies however, poor adherence results in reduced cure rates as 

assessed by intention to treat [20,46]. As illustrate in Table 1 bismuth containing quadruple 

therapies have not been optimized. While, it is recognized that in the presence of 

metronidazole resistance best results are obtained with 14 day therapy and 1,500 or 1,600 

mg of metronidazole given in divided doses, studies from China and Italy have clearly 

shown that less frequent administration of bismuth are effective and high success rates can 

be obtained when both bismuth and tetracycline dosage has been decreased to 500 mg b.i.d 

(Table 1) [6,20,38–44,47,48]. The minimum or optimal bismuth dosage required remains 

unclear; most studies have given 220 to 240 mg of bismuth subcitrate per dose. One of the 

main drawbacks of standard (i.e., metronidazole and tetracycline-containing) bismuth 

quadruple therapy has been side effects with typically are present in 50% or more [20]. 

Reduction in bismuth and tetracycline doses may reduce side effects [20] but studies 

showing high success despite resistance have generally confirmed the dosage of 

metronidazole in the presence of resistance must remain high with most Asian studies using 
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400 mg q.i.d. and western studies using 500 mg t.i.d. [6,20]. Whether these two doses and 

dosing intervals are equivalent has not been studied directly. As shown in Table 1, it appears 

that metronidazole or tetracycline may be able to be replaced by amoxicillin 1 gram t.i.d. 

[38].

Studies of different variations of bismuth quadruple therapy are needed to determine if it is 

possible to reduce the number of tablets and side effects and maintain high effectiveness. 

This question should become a major area of research, however to be interpretable and 

applicable to other populations the studies must include susceptibility testing.

6. Pylera®

Pylera® is a commercial version of bismuth triple therapy in which the drugs are 

administered in capsules containing more than one of the drugs resulting in fewer capsules. 

The PPI is administered separately. Pylera® was first available in the US and has recently 

been approved in Europe. Pylera® was marketed as a 10 day therapy despite evidence and 

knowledge that for metronidazole susceptible infections 7 day therapy is sufficient whereas 

for resistant infections 14 day therapy is required. The recommended Pylera® dosing results 

in those with susceptible infections receive too much medication and a reduction in cure 

rates for those with metronidazole resistant infections. The 10 day choice was likely a 

marketing decision based on the competition product (Helidac®) being marketed for 14 day 

(i.e., shorter duration, fewer tablets). There is no evidence that adherence or side effects 

were improved by the new formulation or that 10 day therapy was non-inferior to 14 day 

therapy while maintaining high cure rates [46]. Below we discuss several alternate 

formulations with fewer tablets and possibly improved adherence.

7. Antibiotic stewardship and duration of therapy.

Antimicrobial stewardship has been described slightly differently depending on the context 

[29]. The primary goal of antimicrobial stewardship has been defined as “to optimize 

clinical outcomes while minimizing unintended consequences of antimicrobial use, 

including toxicity, the selection of pathogenic organisms, and the emergence of resistance” 

[49]. To date, the lack of susceptibility data has largely prevented good antibiotic 

stewardship from being practiced as many of the guidelines and recommendations promote 

antimicrobial misuse and durations of therapy and dosages that provide suboptimal results. 

Part of this problem is related to ignorance of those making the recommendations; some 

may be related to kowtowing to pharmaceutical company sponsors. One possible example is 

the recommendation for duration of therapy as a range (eg, 10 to 14 days). Optimum 

duration cannot be described as a range and recommendation of a range also demands a 

description of the parameters regarding when to use 10 days and when to use 14 day therapy. 

The demise of the patents on PPIs and clarithromycin resulted in loss of interest and support 

for clarithromycin triple therapy. The introduction of Pylera® and their marketing efforts 

provided a new and source of funding and it was interesting to note that many who 

previously disparaged bismuth quadruple therapy have now become enthusiastic about the 

use of bismuth quadruple therapy. It is important to note that although all recent major 

consensus conferences recommended 14 day bismuth quadruple therapy as an evidenced-
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based recommendation, opinion leaders and regional recommendations (e.g. in France) now 

recommend 10 day bismuth therapy and many published recommendations suggest a range 

of 10 to 14 day therapies.

Another problem with tetracycline-containing therapies is that recently there is often 

worldwide difficulty in obtaining tetracycline. This shortage has resulted in a tremendous 

increase in cost for tetracycline in the United States. For example currently Pylera® now 

costs more than $900 dollars US for a 10 day course. As it is packaged or 10 days, the 

patient may be required to spend $1,800 to obtain a 14 day supply that does not include the 

cost of the PPI. As noted in Table 1, recent studies have shown that bismuth and tetracycline 

can likely be given b.i.d. and retain high cure rates. This suggests that it may be possible to 

use Pylera® more cost effectively. For example, instead of given 3 capsules q.i.d., give 3 

Pylera® capsules b.i.d. and separately give metronidazole b.i.d. to produce a q.i.d. 

combination with the required 1,500 or 1,600 mg of metronidazole at a lower cost and 

possibly with reduced side effects.

8. How does bismuth provide an increase in cure rate?

Many optimized non-bismuth containing H. pylori antimicrobial therapies can reliable 

achieve 95% or greater cure rates [8] and thus eliminate the need for bismuth. While 

bismuth alone is relatively ineffective, the addition of bismuth typically increases the overall 

cure rate by 20% to 30% [6]. The added effect of bismuth is best demonstrated by the 

increase in cure rate seen in the presence of antimicrobial resistance but can also be seen as 

improvement of less than optimal therapies (see below) [6]. Thus, if a dual or triple therapy 

regimen achieves a cure rate of 75% in a population where antimicrobial resistance reduced 

the cure rate, the addition of bismuth would result in an increase in cure rate to above 90%. 

Bismuth does not directly overcome resistance, (i.e., the bacteria are not killed by the 

antibiotic but are killed by the bismuth such the problem of resistance is overcome); the 

improvement in outcome with bismuth is additive. An improved outcome has been 

demonstrated with clarithromycin, metronidazole, levofloxacin and probably rifabutin triple 

therapies and will likely be true with other regimens [42,43]. As noted above with traditional 

bismuth quadruple therapy, the benefit is best seen when the both the dosage of 

metronidazole and the duration of therapy are increased [6,20]. Whether the additive effect 

is sufficient to reliably achieve a cure rate of 90% or greater depends on the therapy and the 

prevalence of resistance. Figures 2 to 4 show examples of different 14 day triple therapies 

and bismuth quadruple therapy in relation to the prevalence of resistance. For example, 

Figure 3 shows a western population with clarithromycin triple therapy and 20 mg of 

omeprazole or equivalent b.i.d. The cure rate with susceptible infections with adherent 

subjects would be 95% or greater falling to approximately 20% with clarithromycin-resistant 

infections. If the addition of bismuth increased the cure rate by 20%. and the population cure 

rate would remain above 90% until the population prevalence of resistance increased to 

slightly more than 30%. Figure 4 shows the results in an Asian population, or a western 

population with a higher antisecretory dose of PPI (eg, 40 mg of esomeprazole b.i.d., 

equivalent to 64 mg of omeprazole b.i.d.). In this scenario the cure rate with resistant 

infections is 40% and thus the proportion of the population with resistant infection would 

maintain a cure rates of 90% or greater until the prevalence of resistance increased to above 
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40%. Figure 4 illustrates the results of increasing metronidazole resistance on bismuth 

quadruple therapy. Here, one would expect a cure rate to be above 90% irrespective of the 

prevalence of resistance. These examples also illustrate how experimental data from specific 

populations can easily be misinterpreted and combining misinterpreted data into a meta-

analysis would only serve to perpetuate the misconception. For example, if the average 

proportion with resistance in the population in Figure 1 was 10%, the investigators might 

conclude that bismuth had minimal or no effect. However, if resistance were present in 20%, 

the investigator could conclude that the addition of bismuth overcame resistance and resulted 

in an improved average cure rate (i.e., from 80% to 100%). Another investigator whose 

population has a prevalence of resistance of 50% would note the cure rate improved from 

57% to 77%. The overall outcome would still remain unacceptably low, leading to the 

conclusion that bismuth failed to produce a clinically useful improvement. If all these 

studies were combined into a meta-analysis they would note that overall bismuth improved 

the cure rate only by an average of 20%. While all might these observations are describing 

the investigator’s observations, none would have identified that the effect of bismuth was 

additive and equivalent for all levels of resistance (i.e., to allow informed use of bismuth).

9. Expert commentary

H. pylori eradication therapy is at a crossroads as it has reached the point when a “trial-and-

error” approach is beginning to give way to hypothesis-driven, susceptibility-based 

therapies. It is increasingly H. pylori is an infectious disease and rules for ethical treatments 

trials used for other infectious diseases also apply to H. pylori (i.e., studies are ethical only if 

the comparator drug is active against most, or all, of the bacterial strains likely to be 

encountered in the study) [7,50]. Comparisons of trials in which the proportion with resistant 

infections is unknown provide only study-specific results that cannot be combined into 

meta-analyses and do not predict outcome in any other population (i.e. are uninformative) 

[7,25]. The World Health Organization recently included H. pylori in their list of 16 

antibiotic-resistant bacteria that pose the greatest threat to human health [3]. We now also 

recognized that while recent H. pylori treatment guidelines discuss resistance, they 

inadvertently promote misuse of antibiotics [3]. The focus on relative clinical effectiveness 

rather than on susceptibility-based therapies has provide poor guidance to clinicians. The 

current strategy to prescribe a regimen based simply on the hope that the infection will be 

susceptible (eg, hope or prayer therapies) is not a rational strategy and also contributes to 

antibiotic overuse [3,7].

Bismuth quadruple therapy is a rational therapy with a long history [6,20]. However, 

bismuth quadruple therapy has yet to be optimized. Recent studies suggest that simple 

changes in drugs and dosing intervals will likely produce regimens with high effectiveness 

and greater patient acceptance. The introduction and marketing of a commercial version of 

bismuth quadruple therapy at what appears to be a suboptimal recommended duration along 

with their large marketing budget and ability to influence opinion leaders also suggests that 

progress will be slow. One would have hope that the opposite would have been the case (i.e., 

opinion leaders would influence Pharma and the regulatory agencies to provide optimum 

regimens and vice versa). Vonoprazan, a very potent new PPI, has shown great promise in 

potentially simplifying H. pylori therapy but they too have introduces a regimen where most 
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patients receive an unnecessary antibiotic thus contributing to the problem of antibiotic 

misuse [7,8,51].

10. Five-year view

We are optimists despite the history of H. pylori therapy which has been one of very slow 

progress and many setbacks. Regional and local susceptibility data can be rapidly acquired if 

the culture facilities available in almost every hospital would begin to culture H. pylori and 

provide data for regional and local antimicrobial susceptibility data bases. We predict that 

variations of bismuth quadruple therapy will be tested and provide effective and provide 

better tolerated alternatives. The lack of patentability suggests that few if any of these 

variations will progress through the regulatory process to become formally approved. 

Similarly, we believe that investigators will continue to test adding bismuth, probiotics, or 

both to underperforming regimens to test whether they can bring up the cure rates to over 

90% without the need to add additional antibiotics [52]. To be interpretable, such studies 

require susceptibility testing so that the results to be assessed in both resistant and 

susceptible infection. We believe that vonoprazan-amoxicillin dual therapy will likely 

become the preferred therapy after the regimen is optimized and reliable. This may require 

addition of an adjuvant such as a probiotic or bismuth to achieve the desired very high cure 

rates. There are potential issues with bismuth in a near achlorhydric environment but they 

can be overcome [8].
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ITT intention to treat

PP per protocol

q.d. once daily

b.i.d. twice daily

t.i.d. three times daily

q.i.d. four times daily
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11.

Key issues:

• To date development of H. pylori regimens has been largely trial and error 

which contrasts to traditional antimicrobial therapy which is susceptibility 

based.

• Although potentially effective therapies have been identified, they have rarely 

been optimized in terms of doses, duration, formulation, frequency of 

administration and thus many current regimens under perform.

• Pharma and regulatory agencies have not used same outcome standards 

required for other antimicrobials which has allowed many less than optimal 

regimens to be marketed.

• Pharma has had a strong influence on guidelines and recommendations.

• Clinical trials have not included susceptibility testing and rather focused on 

comparisons of agents often in populations where resistance has a strong 

negative influence on the results of one or both drugs producing population-

specific results while ignoring the fact that one or both regimens tested may 

be highly effective with susceptible organisms.

• The majority of treatment meta-analysis have analyzed data from populations 

that are not comparable making the conclusions clinically useless or Hp-

shmeta-analyses.
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Figure 1. 
Algorithm showing the treatment of patient with metronidazole susceptible and resistant 

infections. Best results with PPI, amoxicillin, metronidazole therapy are achieve with 14 day 

therapy whereas only 7 day therapy is required for bismuth triple or quadruple therapy. In 

contrast, high dose metronidazole and 14 day duration are best for metronidazole resistant 

infections.
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Figure 2. 
Hp-treatment nomogram [28] illustrating the effective of clarithromycin resistance on the 

cure rate of a 14 day PPI, clarithromycin, amoxicillin triple therapy in a western population 

using 20 mg of omeprazole b.i.d. (solid line). The cure rate with susceptible H. pylori 
infections is expected to be ≥95%. The dotted line shows the additive effect of twice daily 

bismuth which increased the cure rate by 20%. The shaded area shows cure rate of the 

population falls below 90% occurs when resistance exceeds about 32%.
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Figure 3. 
Hp-treatment nomogram illustrating the effective of clarithromycin resistance on the cure 

rate of a 14 day PPI, clarithromycin, amoxicillin triple therapy in an Asian population or a 

western population using high dose PPI (eg, >40 mg omeprazole equivalent b.i.d.) (solid 

line). The cure rate with susceptible infections is expected to be ≥95%. The dotted line 

shows the effect of increased antisecretory activity on the cure rate of PPI-amoxicillin dual 

therapy and additive effect of twice daily bismuth which increased the cure rate by 20%. The 

shaded area shows cure rate of the population falls below 90% occurs when resistance 

exceeds about 44%.
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Figure 4. 
Hp-treatment nomogram illustrating the effective of metronidazole resistance on 7 day 

bismuth quadruple therapy. The cure rate with resistant infections is approximately 75%. In 

this scenario all patients would be expected to achieve a cure rate of ≥90% with 14 day 

therapy with full dose metronidazole (eg, 1,500 or 1,600 mg metronidazole/day in divided 

doses).
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