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Abstract


Introduction: Over the past decade a worldwide trend of decline in the cure rates of Helicobacter pylori is observed. Current eradication rates achieved by the standard triple therapy are below 70%. Sequential therapy had provided a potential alternative that would compensate for the unmet performance of triple therapy. Despite its superiority to triple therapy, the excellent results reported initially were not reproduced by other investigators work. Adding adjuvant agents was also found to improve further the success rate of eradication. Probiotics emerged as a useful adjunct in treatment and prophylaxis of Helicobacter pylori infection. The nutritional supplement Zinc carnosine complex is another adjuvant which is believed to add value to the treatment.


Patients and method: an open label randomized observational clinical study designed to compare the efficacy of a modified sequential regimen enforced by two adjuvants the probiotic Bacillus clausii and the nutritional Zinc Carnosine supplement. Patients who fulfilled the inclusion and exclusion criteria were randomized to one of two groups who were given the same components of the regimen of treatment either with clarithromycin (group A, n=131) or levofloxacin replacing it (group B, n=137) and were compared against the current reported response to triple therapy in our area (67.9%).


Results: This regimen of eradication had yielded a Per protocol cure rate of 96.4% and an ITT rate of 89.9% for the levofloxacin based therapy. The Per protocol eradication rate for the clarithromycin based treatments was 93.4% and the ITT rate was 90%. The response was not significantly affected by previous exposure to the antibiotics used. Patient satisfaction and compliance were remarkable with most patients having a significant feeling of wellbeing and improvement of their symptoms. Side effects to the components of the regimen were unremarkable. The addition of Bacillus clausii and the nutritional supplement Zinc Carnosine had added great value to the eradication response.
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Introduction


Helicobacter pylorimay impose significant deleterious effects on the stomach, being the most common cause of gastritis, gastric and duodenal ulcers, MALT lymphomaand gastric malignancy, this makes eradication of this infection of prime importance to health care professionals [1,2]. The eradication response by the triple therapy, used to achieve a success rate over 90% in the early nineties but had declined to less than 70% currently which had raised concerns about cure of this infection and evoked the interest amongst researchers to develop more effective and reliable regimens of treatment [3-6]. The observed failure of eradication by the triple therapy appears to be related mainly to resistance to the antibiotics clarithromycin and metronidazole. Non-compliance, caused by the side effects of the drugs that are used and reinfection are also other contributory factors. Several methods were recommended to overcome the decline in the outcome of triple therapy. Modifying the triple therapy by changing clarithromycin with levofloxacin was associated with a considerable improvement in Helicobacter pylori eradication [7,8]. The sequential regimen of therapy and the addition of adjuvant agents to enforce the response to antibioticshave also emerged as other alternative ways that had gained wide acceptance lately.


Sequential therapy, is an innovative non-bismuth based quadruple strategy consisting of a 10-days treatment course which involves a proton pump inhibitor (PPI), Amoxicillin, Clarithromycin and Metronidazole given in sequence rather than simultaneously It was first introduced by Vaira et al. [9,10]. Early reports indicated that the sequential therapy had led to 95% eradication which was significantly superior to eradication rates achieved with the standard triple therapy [9]. Ten days of treatment were considered sufficient as extension of treatment to 14 days did not lead to any significant benefit and yielded almost the same results when this regimen is used [10]. The gastric pathology induced by the bacteria also did not seem to affect the outcome of sequential therapy as ulcer patients and patients with non-ulcer dyspepsia had similar cure rates [11]. Risk factors known to facilitate failure of eradication like the absence of the Cag A gene or smoking, does not have any impact on cure with this regimen [12]. Clarithromycin resistance that contributed to the reduced response by the triple therapy, was far less observed when the medicines were given sequentially indicating that the sequential regimen of therapy would be expected to reduce markedly the impact of clarithromycin resistance on eradication [13].


Other approaches towards the improvement of eradication of Helicobacter pylori was suggested by the addition of adjuvant agents that aim at supporting the different antibiotic regimens, improving their outcome and minimizing or preventing any possible adverse events. Bovine lactoferrin, probiotics and Carnosine zinc gained considerable interest in this respect as adjuvants to Helicobacter pylori eradication by many researchers. It is believed that Bovine lactoferrin (bLf) has bacteriostatic and bactericidal properties against various infectious agents due to its ability to bind iron with great affinity, thus preventing iron utilization by Helicobacter pylori and consequently its growth [14]. Several human, randomized- controlled trials (RCTs) however, had reported limited or equivocal benefit with some authors reporting acceptable efficacy and others lack of it.


The mucosal protective agent, Zinc-carnosine complex is a unique dietary supplement that provides targeted support for stomach health, and relieves a number of symptoms associated with indigestion. Zinc-carnosine, contributes to ulcer healing through a number of different mechanisms, including inhibition of Helicobacter pylori, promotion of wound healing, antioxidant effects, and stimulation of gastric mucus secretion. The zinc component, may inhibit H pylori-induced PMN-mediated gastric inflammation by attenuating CD11b/CD18 expression on PMN and IL-8 production from gastric epithelial cells and down-regulating other inflammatory cytokines. Carnosine zinc had been used as adjunctive therapy in combination with conventional ulcer drugs [15,16].


Literature supporting the activity of probiotics in eradication of Helicobacter pylori infection had shown that lactobacilli may inhibit or kill Helicobacter pylori, prevent its adhesion to mammalian epithelial cells and prevent IL8 release [17]. In vitro cell line experiments, testing L. rhamnosus strains, Propionibacterium freudenreichii subspecies and Propionibacterium shermanii, had demonstrated that probiotics decreased the level of Helicobacter pylori adhesion to intestinal epithelial cells, inhibited Helicobacter pylori-induced acute membrane leakage and improved transiently the epithelial barrier function [18]. A meta-analysis of 14 randomized clinical trials evaluating the role of supplemental probiotics in eradication therapy had demonstrated an increase in cure rates from 74.8% to 83.6%. The analysis revealed that the combined treatment, not only had increased the eradication rate, but had also decreased the occurrence of adverse events due to the antibiotics, such as diarrhea [19]. We reported a significant benefit of adding the probiotic Bifidobacterium infantis as an adjuvant to both the standard triple and sequential therapy when taken concurrently at the same time, or after priming the GI tract for 2 weeks. A successful eradication rate of 83%, 90.5%, and 90.8% was obtained respectively. Each was significantly better than triple therapy alone (68.9%, P<0.001 ) [20].


Bacillus clausii is classified as a probiotic, it is a rod-shaped, Gram-positive, motile and spore-forming bacterium belonging to the fermicutes group, which lives in the soil. Bacillus clausii contributes to the recovery of the intestinal microbial flora altered during the course of microbial disorders of diverse origin. The beneficial clinical effects that it exerts can at least be partially the result of the antimicrobial and immunomodulatory activities of its different strains on the various parts of the digestive system [21]. Clinical trials have also examined the positive impact of Bacillus clausii on the side effects of antibiotic-based Helicobacter pylori therapy and concluded that it reduced the incidence of the most common side-effects related to anti-Helicobacter pylori antibiotic therapy compared with placebo [22].


Many other in-vivo and in-vitro studies confirmed the same expectancies with other probiotics, like Bifidobacterium infantis [19], Saccharomyces boulardii [23] and Lactobacillus gasseri which when used along with standard triple therapy was found to be effective in both suppressing Helicobacter pylori and reducing mucosal inflammation particularly in the clarithromycin resistant patients, thus increasing the eradication rates and decreasing overall therapy-related side effects [24].


Despite the growing knowledge about the use of probiotics as adjuvants to the different therapeutic regimens of Helicobacter pylori there is still lack of standardization in terms of the type of the probiotic strain to be used, whether it would be a single strain or multispecies strains, the dosage and the timing of supplementation.


We hereby are describing a modified sequential regimen of therapy which is based on the sequential protocol of treatment but with extending the use of amoxicillin to the whole duration of therapy (10 days) and enforcing the outcome by adding two adjuvant agents, the probiotic Bacillus clausii and the dietary supplement Zinc Carnosine, with a view to improve on the failing eradication response obtained by the standard triple therapy alone. This regimen was applied in two versions one was clarithromycin based and the other was levofloxacin based.


Patients & Methods


A prospective randomized open label clinical study was designed to evaluate the efficacy of a hybrid sequential therapy fortified by two adjuvant agents in improving eradication rates of Helicobacter pylori infection. Patients were randomly assigned to two groups basically with the same medications but one (group A) with clarithromycin used in the 5 days of quadruple phase of treatment and the other (group B) with levofloxacin replacing it. The adjuvants used were the probiotic Bacillus clausii and the dietary supplement Zinc-carnosine both added concomitantly to the eradication regimen for the whole 10 days.


Primary end point: evaluation of the intention to treat (ITT) and the per protocol (PP) cure rates of Helicobacter pylori for each group of patients at least six weeks after finishing treatment. Secondary end point: evaluation of the clinical response and the incidence of adverse effects to the antibiotics used.


Inclusion criteria


All consenting patients, 12-70 years of age who presented with upper gastrointestinal symptoms, and appeared to have Helicobacter pylori infection as concluded by endoscopy, 13C Urea breath test or by detecting the pylori antigen in stool or by more than one method of those when done. All patients however, had a base line 13C Urea breath test, at enrolment regardless of the method of diagnosis if it was otherwise.


Exclusion criteria


The presence of any concomitant illness that might have an impact on the response to the used medicines. These included, patients known to be allergic to any of the medicines used, patients who would develop adverse reactions after starting therapy, use of other medications that might interact with the prescribed medicines, chronic renal or hepatic insufficiency, and neoplastic disease. Other criteria taken into consideration were pregnancy or lactating mothers as a standard exclusion, non-consenting patients, patients who were diagnosed and treated on the basis of the office serology test for Helicobacter pylori alone and patients who had received clarithromycin for any clinical indication within the six months that preceded enrolment.


The study extended over a period of a year time, in four medical centers. Data for each group were analyzed as per patient's treatment status whether they were naïve, or they had a failed previous attempt of eradication at least 6months prior to enrolment. Each patient should have a follow up visit at 6-8 weeks after completing the treatment where clinical evaluation and a 13C Urea breath test were done to document response to treatment.


Method


a)	Group A: a cohort of 131 patients who received treatment in two phases, phase I included Lansoprazole 30 mg, Amoxicillin 1000 mg, Bacillus clausii 2 thousand million in rigid capsule, and Zn-carnosine 75 mg all given twice daily for 5 days, followed by phase II which included the same medicines, but with the addition of Clarithromycin 500mg, and Tinidazole 500mg and all were given twice daily for the subsequent 5 days. Demographic details for this group are included in Table 1.




Table 1:    Matchable demographic details for both groups.
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b)	Group B: A cohort of 137 patients. They received treatment also in two phases, phase I same as in group A which included Lansoprazole 30 mg, Amoxicillin 1000 mg, Bacillus clausii 2 thousand million in rigid capsule, and Zn-carnosine 75 mg all given twice daily for the first 5 days, followed by phase II which included the same medicines, but with the addition of levofloxacin 500 mg, and Tinidazole 500 mg and all were given twice daily for the subsequent 5 days. Demographic details for this group are included in Table 1. Results of eradication for each patient were tested at a follow up visit 6-8 weeks after completing the treatment where clinical evaluation and a 13C Urea breath test were done to document response.


The overall eradication rates and their 95% confidence intervals were obtained by per protocol and intention-to-treat analysis. Quantitative variables were given as means±SD. A univariate analysis including age, sex, body mass index, ethnicity, smoking habit (active smoker vs non-smoker), baseline disease (organic vs functional), was performed. Variables achieving a P-value lower than 0.3 were included in a multivariate analysis performed by logistic regression. P-values lower than 0.05 were considered significant. Calculations were performed using the IBM SPSS 20.0 software.


Results


a)	Group A: Seventy-five patients (57.3%) in this group were naïve to eradication treatment, while 54 patients (43.7%) were treated before with clarithromycin based triple therapy but had failed to respond. The Per protocol (PP) cure rate for the whole cohort was 93.4%. Analysis on an intention to-treat basis (ITT) indicated a rate of 90.8%, almost similar to the PP results. The PP cure rate for naïve patients in this group was 93.3% and for the experienced patient was 90.0% with no statistical difference p=0.447. The ITT cure rate was 93.1% for the naïve patients whereas the experienced patients had an ITT cure rate of 87.5%, with no remarkable difference p=0.228 (Figure 1 & 2).
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Figure 1:   PP & ITT eradication group for the whole cohort.
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Figure 2:   For both groups as per treatment status: Naïve or experienced.





The demographic details (age, gender, body mass index, and ethnicity) for this group did not appear to have any bearing on the response to this regimen of eradication. There was no statistical difference of eradication rate amongst subgroups of these parameters as shown in Table 2. Patients' overall evaluation of the subjective symptoms expressed as mild, moderate or severe, before and after treatment is summarized in Table 3, and indicate that patients were extremely satisfied by the treatment with their symptoms disappearing in 119 patients (90.8%) ofthe cohort at the end of treatment (p<0.0001). Review of the bowel habits revealed that 94 patients (71.8%) had normal bowel habits at the end of treatment with significant reduction in the number of patients who suffered from loose bowel motions (Table 3, p=0.0001).


b)	Group B: Seventy-eight patients (56.9%) in this group were naïve to eradication treatment, while 59 patients (43.1%) were treated before with clarithromycin based triple therapy but failed to respond. The PP cure rate for the whole cohort was 96.4% and the ITT rate was 89.8%. The PP cure rate for naïve patients in this group was 96.9% and for the experienced patients was 95.6% with no statistical difference between the two sets of patients p=0.470. The ITT analysis indicated a rate of 92.4% for naïve patients and a cure rate of 86.4% for the retreat patient (p=0.175) (Figure 1 & 2).


There was no impact on the eradication rate by any of the demographic parameters or its subgroups (age, gender, ethnic group and body built) the minor differences noted were not statistically significant, and indicated that the response to eradication treatment was not affected by age, gender, body built or ethnicity Table 2.



Table 2:     Eradication rate as per demographic parameters and their subsets indicating that there is no statistical difference of eradication within the subsets of the same parameters or across with the other group.
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Patients' evaluation of the severity of symptoms (mild, moderate or severe), before and after treatment is summarized in Table 3. One hundred and twenty-two, patients were well satisfied by the treatment with 122 patients (89.1%) of the cohort reporting disappearance of symptoms by the end of treatment (p<0.0001). Review of the bowel habits revealed that 102 patients (74.5%) had normal bowel habits at the end of treatment with significant reduction in the number of patients who suffered from loose bowel motions before treatment was given (Table 3, p=0.0001). Some patients who had constipation at the start of treatment had an appreciable change in their habits but this was not statistically significant (p=0.117)




Table 3:     Clinical symptoms and bowel habits before and after treatment within the two groups indicating a significant improvement in all parameters.
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Discussion


Helicobacter pylori is the most common cause of gastrointestinal infections. It is indigenous to humans and infects at least 70-80% of people in developing countries and 30-40% of people in Western nations [25,26]. The incidence of Helicobacter pylori infection is declining significantly in Western nations [27] but it is relatively stable or is slightly decreasing in the developing countries.


Infection usually takes place in early childhood and spreads by direct human-human transmission within close family members [28]. Without treatment, it persists for a lifetime. The majority of individuals who acquire Helicobacter pylori do not develop acute symptomatology, although chronic, diffuse superficial gastritis commonly occurs. Chronic infection with Helicobacter pylori is the primary cause of peptic and gastric ulcerations, distal gastric adenocarcinoma, and gastric MALT lymphoma [29,30].


Most guidelines recommend treating Helicobacter pylori by the standard triple therapy (A twice daily dose of a proton pump inhibitor, Amoxicillin 1000 mg, and clarithromycin 500 mg or metronidazole 500mg) for 7-10 days which was satisfactorily successful, in the early days of Helicobacter pylori treatment yielding an eradication rate of 95-96% [3-6]. Lately, however, several reports had indicated a decline in the eradication rate of Helicobacter pylori with this regimen of therapy [31]. This had alarmed researchers to explore alternative ways of treatment either by changing the antibiotic, or by adopting other protocols of therapy, or by adding adjuvants that may help enhance the response to the standard treatment like probiotics, lactoferrin, plaunotol and zinc carnosine.


The modified sequential regimen that we adopted as an eradication therapy had led to an excellent per protocol eradication rates of 96.4% and 93.3% for the levofloxacin based and the clarithromycin based regimens respectively. This was significantly better than the eradication rate obtained from the standard triple therapy 66.9% [46], p=<0.0001. Although the Levofloxacin based treatment was apparently slightly better, yet there was no statistical difference when compared with the clarithromycin based regimen (p=0.308). We believe that the outstanding response to this regimen is attributed to the components of this therapeutic protocol namely the antibiotics and the adjuvants.


The antibiotics used for eradication included amoxicillin, clarithromycin, levofloxacin and tinidazole.


I.	Amoxicillin: amoxicillin is a standard medicine used in all eradication regimens except where there is sensitivity to the penicillins and it is generally viewed that there is no resistance to this antibiotic. Rare tolerance to amoxicillin however, has also been described and was attributed to alterations in penicillin binding proteins (PBP1A) [32].


II.	Clarithromycin: Clarithromycin resistance appears to be on the rise worldwide. Analysis of DNA sequencing had revealed several factors contributing to this resistance of which mutations at position 2142 (A-to-G transition) and position 2182 (C-to-T transition) have been confirmed [33]. An active drug efflux mechanism responsible for rapidly transferring the drug out of the bacterial cell, preventing the binding of the antibiotic to the ribosome, plays an important role in acquiring clarithromycin resistance [34,35]. In UAE Primary clarithromycin resistance is 24% and secondary resistance is 55% (Abu Hammour et al EDDW 2015)


III.	Levofloxacin: Levofloxacin-based regimens for the initial retreatment of Helicobacter pylori infection have shown primarily positive results, with eradication rates between 57% and 91% [36-38]. A met analysis indicated that there was no significant difference noted between regimens of 250mg twice daily and 500mg once daily [39]. Helicobacter pylori resistance to levofloxacin has been associated with prior fluoroquinolone use (p<0.001) and with the total number of fluoroquinolone courses prescribed [40].


IV.	Tinidazole: Tinidazole have some advantages over metronidazole ofthe same family whichinclude an enhanced activity as it is not affected by gastric pH, favorable pharmacokinetics, and increased tolerability. Multiple clinical trials demonstrated the effectiveness of a tinidazole-based regimen (plus clarithromycin and a PPI) as first-line therapy for Helicobacter pylori infection. A randomized, blinded study found that a tinidazole-based regimen resulted in an eradication rate of more than 90% in metronidazole- susceptible strains and 75% in low-level metronidazole-resistant strains (minimum inhibitory concentration [MIC] 4256mg/L) [41].


V.	Adjuvant therapy: The most potent adjuvant therapy consists of increasing the stomach pH with proton pump inhibitors (PPIs). In addition to this action on stomach pH, PPIs, and especially lansoprazole, have been found to have antimicrobial activity against Helicobacter pylori. Anti-Helicobacter pylori activity has been reported for non-traditional antimicrobials such as proton pump inhibitors, bismuth compounds, mucosal defensive agents, and some other agents. Proton pump inhibitors and their acid- activated derivatives have significant activities against Helicobacter pylori, potent inhibitors of urease, proton motive force, and ATPase of Helicobacter pylori. At high concentrations, they are even bactericidal. Furthermore, they can inhibit Helicobacter pylori urease activity. These properties, as well as their anti-secretory activity, provide the grounds for their use in eradication of Helicobacter pylori.


The use of probiotics to modify the conventional treatment regimens is based on sound biological and physiological principles. Probiotics modulate the intestinal ecosystem by stimulating mucosal immune mechanisms and by stimulating non-immune mechanisms through antagonism with potential pathogens. These phenomena are thought to mediate most beneficial effects, including reduction of the incidence and severity of diarrhea. Probiotics had an in vitro inhibitory effect on Helicobacter pylori. Seven of 9 human studies showed an improvement of Helicobacter pylori associated gastritis and a decrease in Helicobacter pylori colonization after the administration of probiotics. On the other hand, the addition of probiotics to the standard antibiotic treatment had improved Helicobacter pylori eradication rate from 71% when given alone to 81% with combination treatment. In addition, probiotic treatment reduced the antibiotic associated side effects remarkably (incidence of side effects: 23% with combination therapy vs. 46%, for Helicobacter pylori eradication treatment alone). A recent metaanalysis of 14 randomized trials suggested that supplementation of anti-Helicobacter pylori antibiotic regimens with certain probiotics may also be effective in increasing eradication rates and may be considered helpful for patients with eradication failure [42]. Further clinical studies will be necessary to establish better guidelines in supplementation of anti-Helicobacter pylori antibiotic regimens. There is currently insufficient evidence to support the concept that a probiotic used alone, without concomitant antibiotic therapy would be effective but it is widely accepted that they may reduce the gastrointestinal side effects of antibiotic therapy and improve patient compliance [43].


It was demonstrated that in symptom free, Helicobacter pylori positive subjects Bacillus dausiibacteriotherapy reduced the incidence of the most common side-effects related to anti-Helicobacter pylori antibiotic therapy compared with placebo. They may especially be helpful in patients with recurrent Helicobacter pylori infection and a history of gastrointestinal adverse effects with antibiotics [44, 45]. Mucosal defensive agents that enhance defense factors of gastro-duodenal mucosa are locally acting anti-ulcer drugs. Some were found to have direct or indirect activities against Helicobacter pylori in vitro but by themselves they are unable to cure Helicobacter pylori infection. Studies investigating the additive effect of these agents to improve the eradication rate by conventional therapy have been tried, with equivocal results. Therapeutic approaches with dietary constituents like Zinc carnosine to cure Helicobacter pylori infection are under investigation.


We learned from a previous pilot trial that Zn-Carnosine when used as an adjuvant will improve the response to standard triple therapy from 67.3% to 82% (p<0.001). Another study had demonstrated that Bacillus clausii also improved significantly the eradication rate by sequential therapy from 67.3% to 90.3%, p<0.001. In this study, we followed a modified sequential regimen of eradication applied in two different protocols and added two adjuvants to enhance the response. The basic modification in the sequential therapy was extension of the use of Amoxicillin for the whole ten days of treatment rather than using it in the first 5 days only, hence phase II of treatment would be a concomitant quadruple therapy. The treatment was further optimized by the choice of lansoprazole as a proton pump inhibitor, for its alleged bactericidal effects on helicobacter pylori and replacement of metronidazole with Tinidazolebecause in our area metronidazole resistance is very high. Clarithromycin was the third antibiotic used in group A, optimization of clarithromycin treatment was achieved by adopting the sequential regimen of treatment. It was noted earlier by Vaira et al. [9] that clarithromycin resistant strains will respond to the treatment when given sequentially. We noticed a similar observation in patients treated in our area where clarithromycin resistance is considerably high [46]. Levofloxacin was the third antibiotic used in group B. Our earlier work had indicated that replacing clarithromycin with levofloxacin in the standard triple therapy had improved the eradication rate from 69% to 84%. The resistance to levofloxacin was not studied in our area. There is no consensus on the dose of levofloxacin to be used. In this regimen of therapy we increased the levofloxacin to 500mg twice daily for the 5 days of phase II therapy. The medicine was well tolerated in this regimen without any remarkable side effects reported, we believe this tolerance of the dose to be related to the concomitant use of probiotics and Zinc carnosine.


The probiotic used in this regimen was Bacillus clausii, chosen for the benefits we observed when added as adjuvant to sequential therapy and for its documented effects on improving the general health of the patients and reducing the side effects of the antibiotics used [44,45]. The dietary supplement Zn Carnosine had also added to the positive response of this regimen being a mucosal protector and by having a synergistic bactericidal effect on Helicobacter pylori.




Conclusion



This regimen of eradication that we are suggesting had yielded very promising results in the management of Helicobacter pyloriinfection, with a successful per protocol cure rate of 96.4% for the levofloxacin based and 93.4% for the clarithromycin based treatments. The response was not significantly affected by previous exposure to the antibiotics used. Patient satisfaction and compliance were remarkable with most patients having a significant feeling of wellbeing and improvement of their symptoms. The side effects to the components of the regimen were unremarkable. We believe that this systemis an optimized way of treatment by adopting the sequential setup of management and by virtue of using the most suitable antibiotics amoxicillin, clarithromycinor levofloxacin and tinidazolereplacing metronidazole. The probiotic bacillus clausii had improved the response by reducing the side effects of the antibiotics thus rendering compliance much appreciable and probably by adding to the bactericidal effect of the antibiotics through the bacteriocins they produce. The dietary supplement zinc carnosine contributed to patient satisfaction and improvement of the symptoms by enhancing healing of the mucosa and may probably add to the bactericidal effect of other components.
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