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Abstract
AIM: To assesse whether antibiotic resistance varies between the antrum and corpus of the stomach of patients that are either Helicobacter pylori (H. pylori) therapy-naive or pre-treated. 
METHODS: H. pylori strains were isolated from antrum and corpus biopsies from 66 patients that received a diagnostic gastroduodenoscopy for variant clinical indications. Antimicrobial susceptibility to amoxicillin, clarithromycin, tetracycline, metronidazole, levofloxacin and rifabutin was tested with the E-test method  on Iso-Sensitest agar with 10 vol% defibrinated horse blood. In patients with a different antibiotic susceptibility pattern between the isolates from the antrum and corpus, DNA fingerprinting via random amplified polymorphic DNA analysis was performed to detect differences among DNA patterns H. pylori isolates. 

RESULTS: Primary, secondary and tertiary resistance to clarithromycin was 6.9%, 53.8% and 83.3%, retrospectively. Metronidazole and levofloxacin resistance also increased according to the number of previous treatments (17.2%, 69.2%, 83.3%; 13.8%, 23.1%, 33.3%). Tertiary resistance to rifabutin was detected in 12.5% of patients. In none of the 66 patients a resistance against amoxicillin or tetracycline was detectable. Discordant antibiotic susceptibility between antrum and corpus isolates for different antibiotics was seen in 15.2% (10/66) of the patients. Two out of those ten patients were naive to any H. pylori antibiotic treatment. The remaining eight patients previously received at least one eradication therapy. DNA fingerprinting analysis revealed no substantial differences among DNA patterns between antrum and corpus isolates in the majority of patients suggesting an infection with a single H. pylori strain.

CONCLUSION: Different antibiotic susceptibility between antrum and corpus biopsies is a common phenomenon and a possible explanation for treatment failure. Resistant H. pylori strains may be missed if just one biopsy from one anatomic site of the stomach is taken for H. pylori susceptibility testing. 
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.  
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Core tip: Different antibiotic susceptibility between antrum and corpus biopsies of the stomach represents a phenomenon and a possible explanation for treatment failure. Resistant Helicobacter pylori (H. pylori) strains, as a possible reason for treatment failure may be missed in a reasonable number if just one biopsy from one anatomic site of the stomach is taken for H. pylori susceptibility testing. 
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacterium that chronically infects the human gastric mucosa. Infection with H. pylori is the main cause of chronic gastritis, peptic ulcer disease, low grade gastric mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric adenocarcinoma[1]. The recognition of H. pylori as the key pathogen in various gastroduodenal diseases with various clinical manifestations has posed an increasing demand for therapeutic strategies. The development of effective treatment options for H. pylori infection was leading to an enormous change in the clinical management of gastroduodenal diseases with curative antibiotic therapeutic strategies for H. pylori related diseases such as low-grade gastric MALT lymphoma and H. pylori related peptic ulcer disease[2]. The worldwide and frequent use of antibiotic therapies in general and for H. pylori infection in particular is the reason for an increasing number of H. pylori eradication failures over the last decade[3]. The explanation for this phenomenon is the increasing antimicrobial resistance seen in many countries, in particular against clarithromycin[4]. Several national and international guidelines provide clear recommendations for first and second line treatment options for the treatment of H. pylori infection[1,5-7]. According to the European Maastricht consensus, following second line treatment failure, rescue treatment should be guided  according to antimicrobial susceptibility testing, if available. However, there are no recommendations whether one or more gastric biopsies need to be taken for the assessment of H. pylori resistance to antibioticsBecause of the patchy distribution of H. pylori in the gastric mucosa, biopsies from several sites of the stomach might increase the diagnostic yield for the detection of H. pylori[8,9]. Additionally, H. pylori strains from one individual patient have usually either an antibiotic resistant or susceptible phenotype. However, both antibiotic susceptible and –resistant H. pylori strains may be present in the same patient[10]. H. pylori infection with differing antimicrobial susceptibilities in different parts of the stomach is likely to negatively affect the success of eradication therapies. This led to the hypothesis whether biopsies from the antrum and corpus can increase the diagnostic yield in order to optimise H. pylori antibiotic susceptibility guided therapy. 
Therefore, we examined H. pylori antibiotic resistance in patients from biopsies simultaneously taken from the antrum and corpus to detect possible different antibiotic resistance pattern in individual patients. 
MATERIALS AND METHODS

This study presents a retrospective analysis to evaluate the presence of H. pylori antibiotic resistance by analysing H. pylori isolates from antrum and corpus. 
Data collection and patient characteristics 
The electronic patient documentation system of the Department of Gastroenterology, Hepatology and Infectious Diseases at the University Hospital of Magdeburg, Germany, was used to retrieve all patients that underwent upper gastrointestinal endoscopy for H. pylori antibiotic susceptibility testing in the period between January 2010 and October 2012. Furthermore, patients were just considered for inclusion in the study that received biopsies for antibiotic susceptibility testing from the antrum and corpus of the stomach. In total, 66 patients, 50 females and 16 males met these criteria. The mean age of the patients was 52.54 ± 14.50 years. Out of these patients, 43 had a chronic gastritis, 18 had an atrophic gastritis, 2 had gastric ulcer and 3 suffered from adenocarcinoma of the stomach. Most of the  patients included in the study (n = 37; 56.1%) were previously treated for H. pylori infection . Twenty-nine 29 patients (43.9%) were naive to any H. pylori eradication therapy. Thirteen (19.7%) and 24 patients (36.4%) underwent one and 2 or more eradication therapies, respectively, before antibiotic susceptibility testing. 

Ethics
The study was designed with respect to the corresponding sections of the “World Medical Association Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects”. Due to the retrospective character of our study that analyzed already realized medical treatments, approval of an IRB was not obtained. Written informed consent prior to endoscopic treatment and prior to data analyzing was given by all patients.

Diagnosis of H. pylori and histopathological assessment
Histopathological alterations of the gastric mucosa were assessed according to the updated Sydney system. Biopsies were processed by routine methods. One section was stained with hematoxilin and eosin, modified Giemsa for diagnosis of H. pylori, and PAS stain. H. pylori infection status was further assessed by rapid urease test (Campylobacter-like organism-test, Kimberly-Clark, Rosewell, United States). 
Gastric biopsy specimen (one biopsy each from the antrum and corpus) were carried in Portagerm pylori® tubes (bioMerieux, France) and culture was performed on Columbia–agar-based medium that contained 10 vol% washed human erythrocytes and 10 vol% heat inactivated horse serum (purchased from the NRZ Nationale Referenzzentrum Helicobacter Freiburg, Germany) without and with antibiotic supplement (vancomycin 10 mg/mL; nystatin 1 mg/mL and trimethoprim 5 mg/mL) to suppress the overgrowth of the oral flora[11,12]. Incubation of the plates was performed under microaerophilic conditions at 37° Celsius by using CampyGenTM gasbags (Oxoid, Germany) and examination was done every 2-3 d for up to 10 d. Identification of H. pylori was performed by typical morphology on Gram stain and positive urease, oxidase, and catalase tests.

Susceptibility testing to amoxicillin, clarithromycin, tetracycline, metronidazole, levofloxacin and rifabutin was performed with the Etest method (bioMerieux, France) on Iso-Sensitest agar with 10 vol% defibrinated horse blood (Oxoid, Germany) [13,14]. This test is useful for analysing slow-growing bacteria with fastidious growth requirements. It is minimally affected by the size of the inoculum or the duration of incubation, and therefore this method is reliable and simple enough to be used routinely. The Etest is able to detect antibiotic-resistant subpopulations. In this study, agar plates were treated with suspensions of H. pylori after adjustment  to a turbidity approximately equaI to that of a McFarland standard No. 3. Determination of the Minimum inhibitory concentrations (MICs) of the antibiotics was carried out after 3 d of incubation or until the inhibition zone became visible. A resistant isolate was definedif the MIC was above the following breakpoints: amoxicillin, clarithromycin, tetracycline and levofloxacine > 1 mg/L; rifabutin > 4 mg/L and metronidazole > 8 mg/L[12]. 

DNA fingerprinting via random amplified polymorphic DNA analysis 
In patients with a different antibiotic susceptibility pattern between the isolates from the antrum and corpus, H. pylori DNA was extracted from single colony isolates using QIAamp DNA mini Kit (Qiagen, Hilden, Germany). The specific H. pylori decanucleotide primers 1254, 1281, and 1290 were applied for DNA fingerprinting via random amplified polymorphic DNA analysis (RAPD-PCR). RAPD-PCR was carried out in a 27 μL volume, using 20 ng of H. pylori genomic DNA, 20 pmol of each primer, 1.5 U of AmpliTaq DNA polymerase, 250 mmol/L of deoxynucleotide triphosphate, and 3 mmol/L MgCl2 in standard PCR-buffer. Amplifications consisted of 40 cycles of 94°C (1 min), 36°C (1 min), 72°C (2 min), and 72°C (10 min). All RAPD-PCR amplifications were performed three times to confirm reproducibility of the results. Analysis of the PCR fragments was performed by electrophoresis in a 2% agarose gel under 95 voltages for 3 h. The following criteria were used for the classification of the fingerprint patterns: (1) identical when fingerprint patterns had exactly the same pattern; (2) similar or degenerate when fingerprints had the same patterns with additional or different size of bands; or (3) different when the fingerprints had totally different patterns. 
Statistical analysis
The Fisher´s exact test with a 95% confidence interval was used to define differences in the proportion of patients with susceptible and resistant H. pylori strains . P values were considered significant when P < 0.05.
RESULTS   
Overall antibiotic susceptibility
All 132 successfully cultured H. pylori isolates from the two gastric sites (antrum and corpus) of the 66 patients were assayed against amoxicillin, clarithromycin, metronidazole, levofloxacin, tetracyclin, and rifabutin (Table 1). Antibiotic resistance to clarithromycin was seen in 29 patients (43.9%) and in 34 patients (51.5%)  a resistance to metronidazole was detected. Antibiotic resistance to both clarithromycin and metronidazole was found in 18 of the 29 strains. Levofloxacin resistance was found in 15 (22.7%) patients, while rifabutin resistance was seen in 3 (4.5%) patients. In none of the patients a resistance against amoxicillin or tetracycline was detectable. 
In the 29 patients (43.9%) that have not received any eradication therapy before H. pylori susceptibilty testing, primary resistance against clarithromycin was 6.9% (n = 2). Primary resistance against metronidazole and levofloxacin was a bit higher with 17.2% (n = 5) and 13.8% (n = 4) in those patients. Thirteen patients underwent one eradication attempt before resistance testing. In those patients resistance against clarithromycin and metronidazole was high with 53.8% (n = 7) and 69.2% (n = 9). Levofloxacin resistance was detectable in three out of those 13 patients (23.1%). 
Twenty-four patients (36.4%) received at least more than two eradication therapies. In those patients, clarithromycin resistance was expectably high with 83.3% (n = 20). A comparably high rate with 83.3% (n = 20) and 33.3% (n = 8) was also seen for metronidazole and levofloxacin. Rifabutin resistance was detected in three patients (12.5%) that all received multiple eradication therapies. The overall antibiotic resistance increased significantly in accordance to the number of eradication therapies (P < 0.001). Table 2 gives an overview about the resistance data regarding the number of previous eradication attempts. 
Antibiotic susceptibility at different gastric sites (antrum and corpus)

The overall prevalence of patients infected simultaneously with susceptible and resistant H. pylori strains was 15.2% (10/66). Two out of those ten patients were naive to any H. pylori antibiotic treatment. The remaining eight patients previously received at least one eradication therapy. Six patients had in the past at least two eradication therapies, while the remaining two patients had one eradication attempt. 
A different antibiotic susceptibility pattern between antrum and corpus biopsies against two different antibiotics was detected in three patients, while seven patients showed a discordant susceptibility against one antibiotic agent. In two patients resistance against clarithromycin was detectable in the antrum, while the corpus biopsy was susceptible against clarithromycin. A comparable result was found for metronidazole. Four patients showed a resistance in the antrum, while metronidazole sensitivity was seen in the corpus. In five patients a discordant antibiotic resistance against levofloxacin was detectable. Two levofloxacin-resistant strains were detected in the antrum and three resistant strains in the corpus, while the biopsies from the different stomach site were susceptible for levofloxacin. Different antibiotic resistance against rifabutin was determined in two patients (2.8%) that showed susceptibility in the antrum and resistance in the corpus. All ten patients simultaneously infected with susceptible and resistant H. pylori strains were successfully treated with different antibiotic regimens which were adapted to their individual resistance pattern. The results of the patients with different antibiotic susceptibility between antrum and corpus biopsies are outlined in Table 3. 
DNA fingerprinting 

Due to the retrospective character of our study, DNA isolation of H. pylori isolates from patients with resistance and sensitivity to the same antibiotic in the same host was available for nine out of the ten patients. In eight patients who where all previously treated for H. pylori infection besides one patient no substantial differences from the DNA pattern of the antrum and corpus isolates were detectable suggesting an infection with a single H. pylori strain in the stomach. In only one patient a difference in the DNA pattern between antrum and corpus was proven suggesting a mixed infection in this patient. This patient received one eradication attempt previously (Figure 1). From a clinical point of view, eight patients suffered from chronic gastritis, while one patient was diagnosed with gastric cancer. 
Epidemiological data 

No statistical significance was observed for differences in age, gender and gastric diseases of the patients included in the study. Furthermore, the analysis of the distribution and histological grade of activity of the gastritis (antrum vs corpus) did not reveal any difference for the patients with discordant antibiotic susceptibility between antrum and corpus isolates (data not shown).  
DISCUSSION
In our study, we demonstrate that different antibiotic susceptibility between antrum and corpus biopsies is a common phenomenon and occurs in eradication naive as well in previously treated patients. 
  In agreement with previous studies, we found a comparably high discordant antibiotic susceptibility to clarithromycin and metronidazole between antrum and corpus biopsies[10,15,16]. Interestingly, clarithromycin resistance in the heteroresistance cases was exclusively detected in antrum biopsies, which is in disagreement with previous studies that showed a higher rate of resistant isolates in the corpus[15,17]. In particular, the resistance against clarithromycin affects the treatment success of standard triple therapy and the knowledge of clarithromycin resistance is crucial for the recommendation of first-line therapy[8]. In regions with a clarithromycin resistance higher than 20%, clarithromycin based triple therapy should not be used.  In this case, quadruple therapy should be applied[19]. Our data clearly confirm previous studies that demanded multiple gastric biopsies from different sites of the stomach to detect clarithromycin resistant strains[15,16]. According to our results there is a reasonable chance to underestimate or miss clarithromycin resistance if just one biopsy is taken for antimicrobial susceptibility testing. This might certainly negatively affect the treatment success of H. pylori therapy. This is of particular clinical interest both for patients receiving first-line and patients receiving antibiotic susceptibility guided rescue therapy. In our study, we took biopsies and tested them for antibiotic susceptibility separately from the antrum and corpus of the stomach. From a practical point of view and considering economical aspects, the biopsies from the antrum and corpus can be cultured together. 
Another interesting aspect of our study is the detection of discordant antibiotic susceptibility to levofloxacin and rifabutin. To our knowledge, this is one the first reports that describes this discordance between antrum and corpus biopsies for these two antibiotic agents. After failure of first-line options, levofloxacin based triple therapy is currently recommended as a possible second-line therapy. Thus, it is a widely used antibiotic agent for H. pylori infection and recent data show increasing resistance rates to levofloxacin[4]. Rifabutin is widely accepted as an important part of H. pylori rescue therapy[20]. The detected discordant antibiotic susceptibility to the two antibiotics is in our opinion of great clinical importance for patients receiving second-line or rescue therapies.
One of the most intriguing aspects of study is the result of the DNA-fingerprinting analysis of the H. pylori isolates of the patients with a discordant antibiotic susceptibility result between antrum and corpus isolates. Eight of the nine patients showed identical fingerprinting patterns suggesting an infection with a single H. pylori strain. Only in one patient substantial difference in the DNA pattern was detectable suggesting a mixed infection. This finding is in agreement with a previous study showing that DNA fingerprinting patterns of each pairs of isolates from the antrum and corpus are identical or at least similar suggesting that antibiotic resistant H. pylori strains typically develop from a pre-existing susceptible strain rather than co-infection with a different strain[10]. This finding might be also an explanation for our results, because the majority of patients (seven out of eight) with a single infection, but discordant antibiotic susceptibility were pre-treated and under these stress conditions (previous antibiotic treatment) alterations in the genomic DNA occur, which may affect the phenotype of H. pylori. However our results are in disagreement with another study demonstrating substantial differences among DNA patterns between isolates of the proximal and distal stomach suggesting a mixed infection[21]. However, in this study the majority of patients were never treated before testing which might give an explanation for the disagreement. 
A weakness of our study represents the fact that the information about the exact composition of previous H. pylori eradication therapies that a single patient received is unavailable. It is well known, that the resistance rates are increasing significantly in dependency of the number of previously prescribed eradication therapies[22,23]. The primary resistance rates in our study was comparable to other studies conducted in Europe[4,22,23], but it has to be noted that the primary resistance rate against clarithromycin was more than three times higher than in a study that was conducted in our department from the year 1995 till 2000[24]. The knowledge about previous H. pylori eradication therapies could at least partially explain the high resistance rates against clarithromycin, metronidazole and levofloxacin in our patient population. One can just speculate that the majority of patients included in our study received as first-line therapy clarithromycin based standard triple and as second line levofloxacin based triple therapy, as recommended in the German S3-guidelines[7]. It is well known, that especially in case of clarithromycin, the resistance rate is dramatically increasing after its first use and thus this might give the explanation for the high clarithromycin resistance in our study population. Another important point is that we could not gather an accurate history on the intake of other medications due to the retrospective character of our study. We carefully analysed  our electronic patient data system, however it is possible that we missed important information about previous antibiotic intake for other clinical indications. Clarithromycin and levofloxacin are important antibiotic agents often used for other infectious diseases, such as respiratory tract infections[25], and this may be an explanation for the high resistance rates seen in our study. 
In conclusion, different antibiotic susceptibility between antrum and corpus biopsies can occur in naive and pre-treated patients and in our population it is caused by an infection with a single H. pylori strain. This finding indicates that H. pylori antibiotic resistant strains may be missed if biopsies for culture are taken only from one location and offers a possible explanation for treatment failure. Thus antibiotic susceptibility guided therapy by taking just one biopsy from one single site of the stomach might not be considered representative. Therefore, we suggest taking one separate biopsy from the antrum and corpus in patients undergoing endoscopy for H. pylori antibiotic susceptibility guided therapy. 
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Background

Helicobacter pylori (H. pylori) eradication rates with standard triple therapy which represents the recommended first-line therapeutic option decrease constantly  over the last years. Responsible for this is the increasing resistance rate against various antibiotic agents. Therefore, antibiotic susceptibility guided therapy is recommended in patients receiving rescue therapy. 
Research frontiers

There are no reports whether only one biopsy from one anatomic site of the stomach is sufficient to detect antibiotic resistant H. pylori strains. 
Innovations and breakthroughs
Discordant antibiotic susceptibility between antrum and corpus isolates for different antibiotics was seen in a reasonable number of patients. This might represent an explanation for H. pylori treatment failure. 

Applications 

By taking biopsies from the antrum and corpus of the stomach for H. pylori susceptibility testing, heteroresistance between antrum and corpus can be easily detected and treatment failure might be prevented. 
Terminology

H. pylori eradication therapy consists of a mixture of different antibiotics that are given for at least one week. Resistance to antibiotics is the main reason for treatment failure, which became a problem in the last years. Therefore the knowledge of antibiotic resistance is important, especially in patients receiving rescue therapies. 
Peer review

In this retrospective study authors aimed at assessing whether antibiotic resistance varies between antrum and corpus of the stomach in 66 patients that were either H. pylori therapy-naive or pre-treated. Discordant antibiotic susceptibility between antrum and corpus isolates for different antibiotics has been found in 10 (15%) patients while DNA fingerprinting analysis revealed no substantial differences between antrum and corpus isolates from samples of 8 of 9 available patients. Authors conclude that different antibiotic susceptibility between antrum and corpus biopsies is a common phenomenon and a possible explanation for treatment failure. 
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Figure 1 DNA fingerprinting via random amplified polymorphic DNA analysis profiles of Helicobacter pylori isolates from the antrum (A) and corpus (C) of patient 7-9 with 1254, 1281, and 1290 random primers. A clear difference between antrum and corpus is only observed in patient 7.  
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Table 1 Overall antibiotic resistance of 132 isolated Helicobacter pylori strains isolated from 66 patients n (%)

	Antibiotic
	Patients with resistant Helicobacter pylori strains 
	95%CI

	Amoxicillin
	0 (0)
	

	Clarithromycin
	29 (43.9)
	0.32-0.56

	Metronidazole
	34 (51.5)
	0.39-0.64

	Tetracycline
	0 (0)
	

	Levofloxacin
	15 (22.7)
	0.09-0.28

	Rifabutin
	3 (4.5)
	0.01-0.04


Table 2 Antibiotic resistance of Helicobacter pylori strains depending on the number of eradication therapies n (%)
	
	Patients with resistant Helicobacter pylori strains 
	95%CI

	No previous eradication therapy (n = 29)
	
	

	Clarithromycin
	2 (6.9)
	0.03-0.18

	Metronidazole
	5 (17.2)
	0.03-0.34

	Levofloxacin
	4 (13.8)
	0.02-0.24

	One previous eradication therapy (n = 13) 
	
	

	Clarithromycin
	7 (53.8)
	0.30-0.98

	Metronidazole
	9 (69.2)
	0.30-0.98

	Levofloxacin
	3 (23.1)
	0.04-0.59

	Two or more previous eradication therapies (n = 24)
	
	

	Clarithromycin
	20 (83.3)
	0.63-0.97

	Metronidazole
	20 (83.3)
	0.69-0.99

	Levofloxacin
	8 (33.3)
	0.09-0.47

	Rifabutin
	3 (12.5)
	0.04-0.12


Table 3 Antibiotic susceptibility in patients with discordant resistance pattern between antrum and corpus biopsies
	Patients
	Clarithromycin
	Metronidazole
	Levofloxacin
	Rifabutin

	Patient 1
	
	
	
	

	Antrum
	Resistant
	Resistant
	Susceptible
	Susceptible

	Corpus
	Susceptible
	Resistant
	Resistant
	Susceptible

	Patient 2
	
	
	
	

	Antrum
	Susceptible
	Resistant
	Susceptible
	Susceptible

	Corpus
	Susceptible
	Resistant
	Resistant
	Susceptible

	Patient 3
	
	
	
	

	Antrum
	Resistant
	Resistant
	Susceptible
	Susceptible

	Corpus
	Susceptible
	Susceptible
	Susceptible
	Susceptible

	Patient 4
	
	
	
	

	Antrum
	Resistant
	Resistant
	Susceptible
	Susceptible

	Corpus
	Resistant
	Resistant
	Resistant
	Resistant

	Patient 5
	
	
	
	

	Antrum
	Susceptible
	Resistant
	Susceptible
	Susceptible

	Corpus
	Susceptible
	Susceptible
	Susceptible
	Susceptible

	Patient 6
	
	
	
	

	Antrum
	Resistant
	Resistant
	Susceptible
	Susceptible

	Corpus
	Resistant
	Susceptible
	Susceptible
	Susceptible

	Patient 7
	
	
	
	

	Antrum
	Susceptible
	Susceptible
	Resistant
	Susceptible

	Corpus
	Susceptible
	Susceptible
	Susceptible
	Susceptible

	Patient 8
	
	
	
	

	Antrum
	Resistant
	Resistant
	Resistant
	Susceptible

	Corpus
	Resistant
	Resistant
	Resistant
	Resistant

	Patient 9
	
	
	
	

	Antrum
	Resistant
	Susceptible
	Resistant
	Susceptible

	Corpus
	Resistant
	Susceptible
	Susceptible
	Susceptible

	Patient 10
	
	
	
	

	Antrum
	Resistant
	Resistant
	Susceptible
	Susceptible

	Corpus
	Resistant
	Susceptible
	Susceptible
	Susceptible
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