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Introduction: Helicobacter pylori is the microorganism most frequently found in the human gastric 

mucosa in association with gastric epithelial cells and is associated with gastrointestinal diseases 

including gastritis and peptic ulcers. Despite its significance, there is a scarcity of antimicrobial 

susceptibility testing (AST) data available for this microorganism. 

Objectives: The aim of this study was to assess the AST profile and identify factors associated with H. 

pylori culture positivity in a cohort of patients with refractory H. pylori undergoing gastric biopsies. 

Methods: Gastric biopsy specimens were retrospectively reviewed received for culture between July 

2006 and July 2008. We analyzed specimen transport time, Gram smear results, direct urease test 

findings, culture positivity and AST profiles. Using gradient strip methodology on Antimicrobial 

Susceptibility Testing breakpoints, AST was conducted for amoxicillin, clarithromycin, 

metronidazole, levofloxacin and tetracycline. 

Results: Of 382 biopsy samples received for H. pylori culture, 228 (39.4%) tested positive. Samples 

transported within <1 h had significantly higher odds (1.81 times, P < 0.015) of being culture positive 

compared to those with longer transport times. Smear-positive samples had substantially higher odds 

(18.8 times, P < 0.001) of culture positivity compared to smear-negative. Urease-positive samples 

demonstrated notably higher odds (7.7 times, P < 0.001) of culture positivity compared to urease-

negative samples. The collection of isolates from gastric biopsies showed susceptibility rates of 97.3% 

to amoxicillin, 99.1% to tetracycline, 50.4% to levofloxacin, 25.9% to metronidazole and 12.9% to 

clarithromycin. 

Conclusions: In this cohort of refractory H. pylori cases, susceptibility rates were high for amoxicillin 

and tetracycline and low for clarithromycin, metronidazole and levofloxacin. 
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I. INTRODUCTION 

H.pylori is a fastidious, microaerophilic, urease-

positive Gram-negative bacillus.
1
 It is a cause 

of chronic inflammation of the stomach’s 

mucosal lining.
2
 Its population prevalence is 

approximately 50% globally and in low-

middle-income countries, H. pylori prevalence 

can be as high as 80%.
3,4

 H. pylori colonization 

occurs in early childhood and can persist 

throughout life without effective treatment, 

with up to 20% of those infected developing 

gastric or duodenal ulcers. Up to 2% are at risk 

of developing gastric cancer.
2
 Development 

and severity of the disease may depend on 

host, environmental and pathogen factors (e.g. 

diet, crowding, smoking, poor sanitation and 

virulence of the strain).
2,5,6

 

The management of H. pylori infection plays 

an important role in reducing complications 

from infection. Treatment regimens vary: 

some consensus guidelines recommend first-

line quadruple therapy with two antibiotics 

(metronidazole and tetracycline), bismuth 

subsalicylate and a proton pump inhibitor 

(PPI) to suppress gastric acid secretion; or 

three antibiotics (amoxicillin, metronidazole 
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and clarithromycin) and a PPI.
7
 The 

previously recommended regimen containing a 

PPI combined with clarithromycin and 

amoxicillin or metronidazole, and one of the 

currently recommended quadruple therapy 

regimens containing metronidazole and 

tetracycline, both had eradication rates >90% 

in 2000, but this had dropped to 70% by 

2010.
8,9

 Indeed, there is an alarming rise in H. 

pylori antibiotic resistance globally.
10

 There is 

a need for more effective and tailored 

antibiotic treatments based on regional 

antimicrobial susceptibility profiles. 

There are limited antimicrobial susceptibility 

testing (AST) data for H. pylori as it is not 

routinely cultured, given its fastidious nature. 

Recent surveillance studies conducted 

demonstrated increasing resistance to 

clarithromycin and fluoroquinolones, with the 

last comprehensive global review in 2017.
5,11–

14
 Most of the studies do not describe factors 

affecting laboratory performance or H. pylori 

culture yield. Therefore, the progression of H. 

pylori anti- microbial resistance and the 

opportunities for laboratories to optimize 

testing are incompletely understood. 

At our laboratory setup, patients were first 

diagnosed with H. pylori infection using 

serology, followed by urea breath testing or 

stool antigen in some cases. Patients failing 

empiric antibiotic therapy may under- go 

gastric biopsies at the discretion of the treating 

gastroenterologist, which can be submitted for 

microaerophilic culture and AST. The aim of 

our study was to determine the AST profile and 

identify factors associated with successful 

isolation of H. pylori in culture in a cohort of 

patients with refractory H. pylori undergoing 

gastric biopsies. 

II. MATERIALS AND METHODS 

Gastric biopsies were retrospectively reviewed 

from refractory cases collected between July 

2006 and July 2008 at Moti Lal Nehru 

Medical College and Hospital, Microbiology 

laboratory for H. pylori culture and AST. 

Refractory cases were defined as those failing 

first-line antibiotic therapy. Gastric biopsies 

were collected at the discretion of the 

endoscopist. One gastric biopsy per patient 

was placed in a sterile screw-top container 

with a few drops of sterile isotonic saline 

before transport to the microbiology laboratory. 

Laboratory data collection included 

transportation time, Gram smear, direct urease 

positivity, culture result and phenotypic AST 

results for amoxicillin, clarithromycin, 

levofloxacin, metronidazole and tetracycline. 

Transportation time was defined as the 

difference in time between sample collection 

and sample receipt in the laboratory, in hours. 

A sub analysis of culture yield was performed 

on gastric biopsies defined to be ‘gold standard 

positives’ based on a composite reference 

standard [gastric biopsies testing positive by 

direct urease test and with curved Gram-

negative bacilli (CGNB) seen on Gram stain].  

Each clinical sample had been processed 

following standard laboratory protocols. 

Briefly, each tissue was minced with a 

sterile scalpel and ground with 0.5 mL 

sterile saline. A Gram smear and acridine 

orange smear were performed. The 

suspension was inoculated onto Columbia 

agar with 5% sheep blood and chocolate 

agar and incubated at 35°C in a 

microaerophilic jar for 10 days. A direct 

urea slant was inoculated and incubated at 

35°C. This was examined at 30 min and 4 

and 24 h and discarded at 48 h, if negative. 

Laboratory technologists read plates to 

identify small, gray and moist colonies. 

Isolates were confirmed to be H. pylori if 

they were curved gram-negative bacilli 

testing oxidase, catalase and urease positive. 

AST was performed using colonies from 

two- to three-day-old pure culture of H. 

pylori were resuspended in Brucella Broth 

to a McFarland standard of 3 (approximately 

1.0 × 109 colony forming units per mL). 

This suspension was plated onto Brucella 

agar along with gradient strips (ETEST®, 

bioMérieux, Canada) for amoxicillin, 

clarithromycin, metronidazole, tetracycline 

and levofloxacin. Levofloxacin AST was 

only routinely performed in our laboratory 
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after 2008. Plates were incubated at 35°C for 

72 h in microaerophilic conditions.  

III. RESULTS 

Results Culture and biochemical testing: A 

total of 382 biopsy samples were received for 

H. pylori culture during the study period, of 

which 228 (39.4%) were culture positive 

(Table 1). Gram smears demonstrated CGNB 

in 57.0% (130/ 228) of culture-positive 

samples, but only 6.6% (23/351) of culture-

negative samples (P < 0.001). Smear-positive 

samples had 18.8 times the odds (P < 0.001) of 

being culture positive compared to smear-

negative samples. Direct urease testing was 

positive in 63.2% (144/228) of culture-positive 

samples versus 18.2% (63/347) of culture-

negative samples (P < 0.001). Urease-positive 

samples had 7.7 times the odds (P < 0.001) of 

being culture positive compared to urease-

negative samples. Of Gram smears with the 

presence of polymorphonuclear cells 

(representing inflammation), 131 (57.5%) 

were culture positive (P = 0.40).  

Sample transport:  The average transport 

time to the laboratory was 2.7 h for H. pylori 

culture-positive samples and 3.6 h for culture-

negative samples (P = 0.04) . Sample transport 

time and culture percent positivity were 

inversely proportional. Samples with a 

transport time of <1 h had 1.81 times the odds 

(P < 0.015) of being culture positive compared 

to those with a transport time of >1 h. Samples 

with a transport time greater than 40 h were 

excluded for the purpose of transport time 

analysis, as they were considered outliers (n = 

8).  

Antimicrobial susceptibility testing: H. 

pylori isolates were 99.1% susceptible to 

tetracycline, 97.3% to amoxicillin, 50.4% to 

levofloxacin, 25.9% to metronidazole and 

12.9% to clarithromycin (Figure 1). 

Clarithromycin and metronidazole 

demonstrated the largest proportion of 

resistant isolates compared to tetracycline and 

amoxicillin, which demonstrated the smallest 

proportion of resistant isolates. Susceptibility 

rates remained mostly stable over time. Only 

four H. pylori isolates were susceptible to all 

five antibiotics. Levofloxacin susceptibility 

has been trending upwards from 2005 to 2027, 

although the number of samples tested was 

small compared to previous years. 

 
Figure 1. Number of H. pylori isolates and 

susceptibility of antibiotics tested. 

Percentage value denotes the percentage of 

isolates that were susceptible. 

Among the gastric biopsies deemed to be ‘gold 

standard positives’ by the composite reference 

standard, 88% were culture positive. The 

average transportation time of culture- positive 

specimens was similar to those that were 

culture negative in this subset (2.7 versus 2.0 

h, P = 0.70). Antimicrobial susceptibility rates 

for isolates in this subset were 98.9% for 

amoxicillin, 91.6% for tetracycline, 21.1% for 

metronidazole, 10.5% for clarithromycin and 

41.7% for levofloxacin, consistent with the 

findings of the main analysis.  

IV. DISCUSSION 

H. pylori isolation methods have largely 

remained the same in recent history, relying on 

standard culture
26

. However, optimal methods 

of isolation remain to be established. Overall, 

we found that smear positivity for CGNB and 

direct urease testing were highly associated 

with the isolation of H. pylori in culture. A 

few studies have examined the role of Gram 

stain and direct urease testing for the isolation 

of H. pylori. One study found that Gram stain 

and direct urease testing was 88% sensitive as 

a rapid method of detection when one of these 

tests was positive
27

. Another demonstrated that 

92.8% of culture-positive samples had positive 

Gram stains when used as a rapid screening 

method
28

. In both studies, samples were 

immediately transported to the microbiology 

laboratory for analysis after collection, which 

likely improved positivity rates. Our study did 
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identify several culture-negative biopsies with 

either CGNB seen on Gram stain (6.6%) or 

direct urease positivity (18.2%), suggesting 

that H. pylori may have been initially present 

in the sample but failed to grow in culture. It is 

also possible some gastric biopsy samples 

were contaminated with oropharyngeal flora, 

leading to false-positive direct urease results. 

Nevertheless, our results demonstrate the 

value of performing both Gram staining and 

direct urease testing to increase the sensitivity 

for H. pylori detection. The effective isolation 

of H. pylori from gastric biopsy specimens is 

challenging due to the impact of transport 

conditions, such as sample transport time, 

temperature and exposure to ambient 

air
29

.Published data on this topic are limited, 

with mixed results. The effect of sample 

transport time and temperature is somewhat 

controversial, as some studies have shown 

improved recovery with rapid transport, and 

others demonstrated that H. pylori can survive 

at room temperature for 24 h without loss of 

ability to recover
30–34

. Our study demonstrates 

significantly improved isolation of H. pylori 

for samples with a short transport time, 

particularly less than 1h. Among the ‘gold 

standard positive’ samples, transportation time 

was not significantly different for culture-

positive versus culture-negative samples, 

although the total number of culture- negative 

samples in this subset was small. For remote 

hospitals that rely on transport to a centralized 

laboratory for H. pylori testing, rapid 

transportation in less than 1 h can be a 

significant challenge. These factors highlight 

the need for more rapid, reliable methods for 

the prediction of antimicrobial resistance. One 

potential solution to overcome the barrier of 

transport time and the challenges of 

phenotypic susceptibility testing is the 

implementation of newly emerging 

technologies, such as next-generation 

sequencing and real-time PCR
36-37

. Such 

molecular techniques have enabled the 

identification of molecular mechanisms 

implicated in phenotypic resistance to 

antibiotics in H. pylori
38

. Based on current 

data, genotypic prediction of resistance to 

clarithromycin, levofloxacin and amoxicillin 

has been found to be accurate. However, for 

metronidazole, tetracycline and rifabutin, 

genotypic prediction is not always congruent 

with phenotypic AST
39

. For metronidazole, its 

complex mechanism of action makes 

identifying resistance targets challenging
40

. 

For tetracycline and rifabutin, the small 

number of resistant isolates makes it difficult 

to obtain an accurate analysis of the 

genotypic–phenotypic relationship
41

. Our 

study is the first to examine cumulative 

provincial antimicrobial susceptibility in 

refractory cases. Our susceptibility results 

demonstrated high resistance rates to 

clarithromycin (87.1%), metronidazole 

(74.1%) and levofloxacin (50.4%). (10%). It is 

important to note that our study examined 

endoscopy samples that are typically obtained 

for patients who are refractory to first-line 

therapy, and as such, resistance rates are 

expected to be higher. One European study 

determined antibiotic resistance rates in 

refractory patients were 66% for 

clarithromycin, 54% for metronidazole and 

28% for levofloxacin, which are more 

consistent with our findings
44

. Our 

susceptibility results demonstrate low rates of 

resistance to amoxicillin (2.7%) and 

tetracycline (0.9%).  

V. CONCLUSION 

This study highlights factors affecting H. 

pylori culture positivity and the prevalence of 

antimicrobial resistance in treatment-refractory 

cases. Although the study analyzed H. pylori 

culture and AST results from a single clinical 

laboratory covering a wide geographical area 

within one province, the notably high rate of 

antimicrobial resistance compared to other 

Centres is concerning. This retrospective 

review of cumulative susceptibility data 

showed resistance to multiple antibiotics, 

including metronidazole and clarithromycin, 

which are commonly prescribed according to 

current treatment guidelines. Therefore, for 

refractory infections, a review of previous 

antibiotic use and performance of AST to 
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inform tailored treatment regimens is 

advisable. Our findings could be used to 

inform local treatment regimen selection for 

patients with a history of prior treatment 

failure. Further investigations are warranted to 

ascertain if our findings are consistent across 

different regions to provide a clearer 

understanding of national H. pylori 

antimicrobial resistance patterns. 

REFERENCES 

1. Hooi JKY, Lai WY, Ng WK et al. Global 

prevalence of Helicobacter pylori infection: 

systematic review and meta-analysis. 

Gastroenterology 2017; 153: 420–9. 

https://doi.org/10.1053/j.gastro.2017.04.022 2. 

Robinson K, Atherton JC. The spectrum of 

Helicobacter-mediated diseases. Annu Rev 

Pathol 2021; 16: 123–44. 

https://doi.org/10.1146/ annurev-pathol-

032520-024949 . 

3. Willems P, de Repentigny J, Hassan GM et 

al. The prevalence of Helicobacter pylori 

infection in a quaternary hospital in Canada. J 

Clin Med Res 2020; 12: 687–92. 

https://doi.org/10.14740/jocmr4348 4. Graham 

DY, Adam E, Reddy GT et al. 

Seroepidemiology of Helicobacter pylori 

infection in India. Comparison of developing 

and developed countries. Dig Dis Sci 1991; 

36: 1084–8. 

https://doi.org/10.1007/BF01297451  

5. Garvey E, Rhead J, Suffian S et al. High 

incidence of antibiotic resistance amongst 

isolates of Helicobacter pylori collected in 

Nottingham, UK, between 2001 and 2018. J 

Med Microbiol 2023; 72: 001776. https://doi. 

org/10.1099/jmm.0.001776  

6. Bernstein CN, Mckeown I, Embil JM et al. 

Seroprevalence of Helicobacter pylori, 

incidence of gastric cancer, and peptic ulcer- 

associated hospitalizations in a Canadian 

Indian population. Dig Dis Sci 1999; 44: 668–

74.  

7. Fallone CA, Chiba N, van Zanten SV et al. 

The Toronto consensus for the treatment of 

Helicobacter pylori infection in adults. 

Gastroenterology 2016; 151: 51–69. e14.  

8. Cuadrado-Lavín A, Salcines-Caviedes JR, 

Carrascosa MF et al. Antimicrobial 

susceptibility of Helicobacter pylori to six 

antibiotics currently used in Spain. J 

Antimicrob Chemother 2012; 67: 170–3. 

https://doi.org/ 10.1093/jac/dkr 410. 

9. Graham DY, Fischbach L. Helicobacter 

pylori treatment in the era of increasing 

antibiotic resistance. Gut 2010; 59: 1143–53.  

10. Ghotaslou R, Leylabadlo HE, Asl YM. 

Prevalence of antibiotic resistance in 

Helicobacter pylori: a recent literature review. 

World J Methodol 2015; 5: 164–74. 

https://doi.org/10.5662/wjm.v5.i3.164 11. 

Tran VH, Nguyen TMN, Le PTQ et al. 

Current status of Helicobacter pylori resistance 

to clarithromycin and levofloxacin in Vietnam: 

results from molecular analysis of gastric 

biopsy specimens. J Glob Antimicrob Resist 

2024; 36: 76–82.  

12. Okimoto T, Ando T, Sasaki M et al. 

Antimicrobial-resistant Helicobacter pylori in 

Japan: report of nationwide surveillance for 

2018–2020. Helicobacter 2024; 29: e13028.  

13. Chen D, Cunningham SA, Cole NC et al. 

Phenotypic and molecular antimicrobial 

susceptibility of Helicobacter pylori. 

Antimicrob Agents Chemother 2017; 61: 

e02530-16.  

14. Savoldi A, Carrara E, Graham DY et al. 

Prevalence of antibiotic resistance in 

Helicobacter pylori: a systematic review and 

meta-analysis in World Health Organization 

regions. Gastroenterology 2018; 155: 1372–

82. e17.  

15. Cheung J, Morse AL, Goodman KJ et al. 

M1058 prevalence of Helicobacter pylori and 

antibiotic resistance in an aboriginal 

population in Canada’s Arctic: preliminary 

results from the Aklavik H. pylori project. 

Gastroenterology 2009; 136: A-341.  

16. Fallone CA. Epidemiology of the 

antibiotic resistance of Helicobacter pylori in 

Canada. Can J Gastroenterol 2000; 14: 879–

82.  

17. Fedorak R, Archambault A, Flamm R et al. 

antimicrobial susceptibility of H. pylori in 

Canada to three key antibiotics: 

https://ijerst.org/index.php/ijerst


 
 
 

This article can be downloaded from https://ijerst.org/index.php/ijerst                               489 

metronidazole, clarithromycin, and 

amoxicillin. In: Digestive Disease Week and 

the 97th Annual Meeting of the American 

Gastroenterological Association, Washington, 

DC, Gastroenterology 1997; 112: A115.  

18. Yarmie J. A community-driven genomic 

investigation of Helicobacter pylori isolates 

from Indigenous communities in the Arctic of 

Canada [Master’s thesis, University of 

Manitoba]. 2022.  

19. Best L, Cooper-Lesins G, Haldane D et al. 

Helicobacter pylori antibiotic resistance in 

Canadian populations. In: Digestive Disease 

Week and the 105th Annual Meeting of the 

American Gastroenterological Association, 

New Orleans, LA, Gastroenterology 2004; 

126: S1293.  

20. Eng NF, Ybazeta G, Chapman K et al. 

antimicrobial susceptibility of Canadian 

isolates of Helicobacter pylori in Northeastern 

Ontario. Can J Infect Dis Med Microbiol 

2015; 26: 137–44.  

21. Naja F, Kreiger N, Sullivan T. 

Helicobacter pylori infection in Ontario: 

prevalence and risk factors. Can J 

Gastroenterol 2007; 21: 501–6.  

22. Sethi A, Chaudhuri M, Kelly L et al. 

Prevalence of Helicobacter pylori in a first 

nations population in northwestern Ontario. 

Can Fam Physician 2013; 59: e182–7.  

23. Ho JJC, Navarro M, Sawyer K et al. 

Helicobacter pylori antibiotic resistance in the 

United States between 2011 and 2021: a 

systematic review and meta-analysis. Am J 

Gastroenterol 2022; 117: 1221–30.  

24. Smith SM, O’Morain C, McNamara D. 

Antimicrobial susceptibility testing for 

Helicobacter pylori in times of increasing 

antibiotic resistance. World J Gastroenterol 

2014; 20: 9912-21.  

25. EUCAST. Clinical breakpoints—

breakpoints and guidance. 2024.  

26. Piccolomini R, Di Bonaventura G, Festi D 

et al. Optimal combination of media for 

primary isolation of Helicobacter pylori from 

gastric biopsy specimens. J Clin Microbiol 

1997; 35: 1541–4.  

27. Van Horn KG, Dworkin BM. Direct gram 

stain and urease test to detect Helicobacter 

pylori. Diagn Microbiol Infect Dis 1990; 13: 

449–52. https:// doi.org/10.1016/0732-

8893(90)90075-7  

28. Oyedeji KS, Smith SI, Arigbabu AO et al. 

Use of direct gram stain of stomach biopsy as 

a rapid screening method for detection of 

Helicobacter pylori from peptic ulcer and 

gastritis patients. J Basic Microbiol 2002; 42: 

121–5.  

29. Soltesz V, Zeeberg B, Wadström T. 

Optimal survival of Helicobacter pylori under 

various transport conditions. J Clin Microbiol 

1992; 30.  

30. Yuen B, Zbinden R, Fried M et al. Cultural 

recovery and determination of antimicrobial 

susceptibility in Helicobacter pylori by using 

commercial transport and isolation media. 

Infection 2005; 33: 77–81.  

31. Xia HX, Keane CT, O’morain CA. 

Determination of the optimal transport system 

for Helicobacter pylori cultures. J Med 

Microbiol 1993; 39: 334–7.  

32.Roosendaal R, Kuipers EJ, Peña AS et al. 

Recovery of Helicobacter pylori from gastric 

biopsy specimens is not dependent on the 

transport medium used. J Clin Microbiol 1995;  

33: 2798–800.  

33. Heep M, Scheibl K, Degrell A et al. 

Transport and storage of fresh and frozen 

gastric biopsy specimens for optimal recovery 

of Helicobacter pylori. J Clin Microbiol 1999; 

37: 3764–6.  

34. Siu LK, Leung WK, Cheng AF et al. 

Evaluation of a selective transport medium for 

gastric biopsy specimens to be cultured for 

Helicobacter pylori. J Clin Microbiol 1998; 

36: 3048–50.  

35. Gong YN, Li YM, Yang NM et al. 

Centralized isolation of Helicobacter pylori 

from multiple centers and transport condition 

influences. World J Gastroenterol 2015; 21: 

944–52.  

36. Pohl D, Keller PM, Bordier V et al. 

Review of current diagnostic methods and 

advances in Helicobacter pylori diagnostics in 

the era of next generation sequencing. World J 

https://ijerst.org/index.php/ijerst


 
 
 

This article can be downloaded from https://ijerst.org/index.php/ijerst                               490 

Gastroenterol 2019; 25: 4629–60. https://doi. 

org/10.3748/wjg.v25.i32.4629  

37. Egli K, Wagner K, Keller PM et al. 

Comparison of the diagnostic performance of 

qPCR, sanger sequencing, and whole-genome 

sequencing in determining clarithromycin and 

levofloxacin resistance in Helicobacter pylori. 

Front Cell Infect Microbiol 2020; 10: 596371.  

38. Gerrits MM, van Vliet AH, Kuipers EJ et 

al. Helicobacter pylori and antimicrobial 

resistance: molecular mechanisms and clinical 

implications. Lancet Infect Dis 2006; 6: 699–

709. https://doi.org/10.1016/S1473- 

3099(06)70627-2  

39. Saracino IM, Pavoni M, Zullo A et al. 

Next generation sequencing for the prediction 

of the antibiotic resistance in Helicobacter 

pylori: a literature review. Antibiotics (Basel) 

2021; 10: 437.  

40. Binh TT, Suzuki R, Trang TT et al. Search 

for novel candidate mutations for 

metronidazole resistance in Helicobacter 

pylori using next-generation sequencing. 

Antimicrob Agents Chemother 2015; 59: 

2343–8. https://doi. org/10.1128/AAC.04852-

14  

41. Gisbert JP. Rifabutin for the treatment of 

Helicobacter pylori infection: a review. 

Pathogens 2020; 10: 15.  

42. Sukri A, Lopes BS, Hanafiah A. The 

emergence of multidrug-resistant Helicobacter 

pylori in Southeast Asia: a systematic review 

on the trends and intervention strategies using 

antimicrobial peptides. Antibiotics (Basel) 

2021; 10: 1061.  

43. Shrestha AB, Pokharel P, Sapkota UH et 

al. Drug resistance patterns of commonly used 

antibiotics for the treatment of Helicobacter 

pylori infection among South Asian countries: 

a systematic review and meta-analysis. Trop 

Med Infect Dis 2023; 8: 172. 

https://doi.org/10. 3390/tropicalmed8030172 

44. Bujanda L, Nyssen OP, Vaira D et al. 

Antibiotic resistance prevalence and trends in 

patients infected with Helicobacter pylori in 

the period 2013–2020: results of the European 

registry on H. pylori management (Hp-

EuReg). Antibiotics (Basel) 2021; 10: 1058.  

https://ijerst.org/index.php/ijerst

