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Abstract

Rising antimicrobial resistance has reduced the effectiveness of empirical eradication regi-
mens for Helicobacter pylori (H. pylori) infection, particularly those containing clarithromycin.
Local resistance surveillance and identification of clinical predictors of resistance are essen-
tial to guide treatment strategies. This study evaluated antimicrobial resistance patterns and
clinical determinants of resistance in a real-world tertiary-care cohort. A retrospective obser-
vational study was performed, which included 352 adult patients with confirmed H. pylori
infection managed between November 2022 and November 2025. Of these, 168 patients
underwent culture and antibiotic susceptibility testing, while 184 received empirical ther-
apy. Resistance rates were calculated according to the number of isolates tested for each
antimicrobial agent (available-case analysis). Multivariable logistic regression analysis was
used to identify independent predictors of resistance. Among susceptibility-tested patients,
resistance to at least one antimicrobial agent was detected in 44.6%. Clarithromycin re-
sistance was most frequent (42.5%), followed by metronidazole (36.4%) and levofloxacin
(14.0%), whereas amoxicillin resistance remained low (2.4%). Multidrug resistance (MDR)
based on available susceptibility data was observed in 12.5% of cases, most commonly
involving dual clarithromycin—metronidazole resistance. Prior eradication therapy was
independently associated with resistance (adjusted Odds Ratio aOR 2.41; 95% Confidence
Interval CI 1.29-4.51; p = 0.006), while demographic factors were not. Clarithromycin
resistance substantially exceeds recommended thresholds for empirical triple therapy in
this setting. Prior eradication therapy is the principal predictor of resistance, supporting
resistance-informed and stewardship-oriented management strategies.

Keywords: antimicrobial stewardship; anti-bacterial agents; clarithromycin; drug resis-
tance; bacterial; Helicobacter pylori; multidrug resistance; treatment failure

Microorganisms 2026, 14, 1129

https:/ /doi.org/10.3390 /microorganisms14051129


https://crossmark.crossref.org/dialog?doi=10.3390/microorganisms14051129&domain=pdf&date_stamp=2026-05-16
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com
https://orcid.org/0009-0003-0121-9629
https://orcid.org/0009-0002-2672-3365
https://doi.org/10.3390/microorganisms14051129

Microorganisms 2026, 14, 1129

2 of 20

1. Introduction

Helicobacter pylori (H. pylori) is a Gram-negative, microaerophilic bacterium that chron-
ically colonizes the gastric mucosa and infects approximately half of the global popula-
tion [1-3]. Persistent infection is associated with chronic gastritis, peptic ulcer disease,
mucosa-associated lymphoid tissue lymphoma, and gastric adenocarcinoma, and it is clas-
sified as a class I carcinogen by the World Health Organization [4-7]. Effective eradication
of H. pylori therefore remains a major objective in gastroenterology and infection prevention
strategies worldwide.

Conventional first-line eradication regimens have historically relied on proton pump
inhibitor (PPI)-based triple therapy combining amoxicillin and clarithromycin, with or
without metronidazole [8,9]. However, eradication success rates have declined substan-
tially over the past two decades, largely due to the global rise in antimicrobial resis-
tance [8,10-12]. Clarithromycin resistance is widely recognized as the principal determinant
of treatment failure, and when local resistance rates exceed 15-20%, the effectiveness of
empirical clarithromycin-based triple therapy drops below acceptable levels [13,14]. Con-
sequently, international guidelines now recommend avoiding clarithromycin-containing
empirical regimens in high-resistance settings and favor bismuth-based quadruple therapy
or susceptibility-guided approaches [13,15].

Despite these recommendations, empirical therapy continues to be widely used in
routine practice, particularly in centers where culture and antibiotic susceptibility testing
are not universally available [16-19]. Moreover, antimicrobial resistance patterns vary
substantially across regions, reflecting differences in antibiotic consumption, healthcare
structures, and prescribing practices [20-23]. Continuous local surveillance is therefore
essential to ensure that empirical treatment strategies remain appropriate and effective.

Although increasing resistance to clarithromycin and metronidazole has been docu-
mented across Europe and globally important gaps remain. Real-world data from Eastern
European tertiary-care populations are relatively limited, especially in cohorts including
both susceptibility-tested and empirically treated patients. Furthermore, while prior eradi-
cation therapy is considered a major risk factor for secondary resistance, its independent
contribution relative to demographic and clinical factors is not consistently quantified in
routine clinical settings. Few studies integrate updated local resistance prevalence with
multivariable modeling to identify clinically actionable predictors that could support indi-
vidualized, resistance-informed management where universal susceptibility testing is not
feasible [20,24-26].

Given the clinical and public health implications of rising resistance, there is a need
for contemporary regional data that combine microbiological surveillance with evaluation
of patient-level determinants of resistance. Such information is essential to inform rational
empirical therapy selection, minimize treatment failure, and strengthen antimicrobial
stewardship efforts.

The present study was therefore designed to evaluate antimicrobial resistance pat-
terns in H. pylori infection within a real-world tertiary-care cohort and to identify clinical
predictors associated with resistance. By providing updated local data and examining the
determinants of resistance in routine practice, this study aims to support more effective
and stewardship-oriented management strategies in high-resistance settings.

2. Materials and Methods
2.1. Study Design and Setting

This retrospective observational cohort study was conducted at the Internal Medicine
Department of the Oradea County Emergency Hospital, Oradea, Romania. The hospital
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is a tertiary referral center providing inpatient and outpatient medical services to a large
regional population.

The study included adult patients diagnosed with H. pylori infection who were hos-
pitalized or evaluated in the outpatient department between 1 November 2022 and 1
November 2025. Clinical, endoscopic, microbiological, and treatment data were collected
from electronic medical records and institutional databases.

2.2. Study Population and Eligibility Criteria

A total of 384 adult patients with a documented diagnosis of H. pylori infection were
initially identified through systematic review of the hospital’s electronic medical records
system and archived paper medical files during the study period.

Inclusion criteria were:

° Age >18 years;

Confirmed diagnosis of H. pylori infection established by rapid urease test (RUT)
and/or stool antigen testing;

Availability of sufficient clinical and treatment information for analysis.

Patients were excluded if they:

Had incomplete or missing essential clinical or microbiological data;

Lacked documented confirmation of H. pylori infection;

Had insufficient information regarding prior eradication therapy when applicable.

Of the 384 identified patients, 32 were excluded due to incomplete or missing essential
clinical or microbiological data (n = 18), lack of documented confirmation of H. pylori
infection (n = 9), or insufficient information regarding prior eradication therapy (n = 5).

The final analytic sample consisted of 352 consecutive adult patients (>18 years), who
were included in all subsequent analyses (Figure 1).

Records identified

= (n = 384)
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B Incomplete data
[ / (n=18)
— Excluded Mo confirmation
[n=32) = (n=9)
5
E ! \b Insufficient therapy
% information
(n=235)
Final analytic sample
(n = 352)
g Susceplibility testing performed Empirical therapy without testing
(n = 168) (n=184)

Figure 1. Flow diagram of participant recruitment and inclusion in the study.

2.3. Diagnostic Confirmation of H. pylori Infection

All included patients underwent upper gastrointestinal endoscopy during hospital-
ization. The procedure was performed using a high-definition video endoscopy system
(Olympus Medical Systems, Tokyo, Japan). Infection was confirmed by RUT performed on
gastric biopsy specimens obtained during the procedure using a commercially available kit
(HelicotecUT® Plus, Strong Biotech, Taipei, Taiwan). Biopsy samples were typically col-
lected from the gastric antrum and processed according to the manufacturer’s instructions.
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In a subset of patients, stool antigen testing had been performed prior to hospitalization
as part of outpatient evaluation using a commercial enzyme immunoassay kit (CerTest H.
pylori, CerTest Biotec, Zaragoza, Spain). These results were recorded in the medical files
and included in the analysis; however, biopsy-based confirmation was available for all
patients included in the final cohort.

A positive RUT result was considered sufficient to confirm active H. pylori infection
for study inclusion.

2.4. Group Allocation and Treatment Approach

Patients were allocated into two groups based on whether antibiotic susceptibility
testing was performed prior to initiation of eradication therapy.

o  Group 1: Susceptibility-guided therapy (n = 168). Patients in this group underwent
upper gastrointestinal endoscopy with gastric biopsy sampling followed by culture
and antibiotic susceptibility testing. Eradication therapy was subsequently selected
according to the individual antimicrobial susceptibility profile when available.

e  Group 2: Empirical therapy without susceptibility testing (n = 184). Patients in this
group received empirical eradication therapy without prior culture or susceptibility
testing. Treatment regimens were prescribed according to routine clinical practice and
prevailing guideline recommendations at the time of management.

Group allocation was not randomized but reflected real-world clinical decision-making
and resource availability within the study center. The decision to perform susceptibility
testing was based on physician judgment, clinical presentation, prior eradication history,
and logistical considerations.

2.5. Culture and Antibiotic Susceptibility Testing

In patients allocated to the susceptibility-guided group, gastric biopsy specimens ob-
tained during upper gastrointestinal endoscopy were submitted for microbiological analysis.

Biopsy samples were cultured on Columbia agar supplemented with 5% sheep blood
(bioMérieux, Marcy-1'Etoile, France) and incubated under microaerophilic conditions gen-
erated using CampyGen™ gas-generating sachets (Oxoid Ltd., Basingstoke, UK) at 37 °C
for up to 5-7 days. Identification of H. pylori isolates was based on colony morphology and
conventional biochemical characteristics.

Antibiotic susceptibility testing was performed by determining minimum inhibitory
concentrations (MICs) using E-test strips (bioMérieux, Marcy-1'Etoile, France). Interpreta-
tion of susceptibility or resistance was performed according to the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) clinical breakpoints (version 13.0, Vaxjo,
Sweden, 2023). Quality control was performed using reference strains in accordance with
standard laboratory procedures.

The antibiotics tested included amoxicillin, clarithromycin, metronidazole, lev-
ofloxacin, moxifloxacin, and rifampicin. Due to technical and laboratory constraints, not all
isolates were tested against every antimicrobial agent.

Resistance was defined according to the applicable breakpoint thresholds, and mul-
tidrug resistance (MDR) was defined as resistance to two or more antimicrobial classes, in
accordance with commonly accepted definitions.

2.6. Clinical and Demographic Variables

Clinical and demographic data were extracted from electronic medical records and
archived paper files using a standardized data collection form.

Demographic variables included age (recorded as a continuous variable), sex
(male/female), and place of residence (urban vs. rural).
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Clinical variables included presenting symptoms (e.g., epigastric pain, diffuse ab-
dominal pain, melena, nausea, flatulence, hematemesis, loss of appetite, rectal bleeding,
vomiting, and heartburn), history of prior H. pylori eradication therapy, and details of
previously administered treatment regimens when available.

Endoscopic findings were recorded for patients who underwent upper gastrointestinal
endoscopy and included gastritis subtypes (erythematous, erosive, edematous, atrophic),
ulcerative lesions (gastric and duodenal ulcers), esophageal ulcerations, and presence of
gastric malignancy.

For patients in the susceptibility-guided group, microbiological variables included
antibiotic susceptibility results for amoxicillin, clarithromycin, metronidazole, levofloxacin,
moxifloxacin, and rifampicin.

All variables were recorded as documented in the medical records without mod-
ification or imputation. Missing data were not imputed and were handled using an
available-case approach in the statistical analysis, with denominators adjusted according to
data availability.

2.7. Outcome Measures

The primary outcome of the study was the presence of antimicrobial resistance, defined
as resistance to at least one tested antibiotic among patients who underwent susceptibility
testing.

Secondary outcomes included:

e  The prevalence of resistance to individual antibiotics (amoxicillin, clarithromycin,
metronidazole, levofloxacin, moxifloxacin, and rifampicin);

. The prevalence of MDR, defined as resistance to two or more antimicrobial classes;

e  The association between prior H. pylori eradication therapy and the occurrence of
antimicrobial resistance;

e  Identification of independent clinical predictors of resistance using multivariable
logistic regression analysis.

2.8. Assessment of Eradication Outcomes

Eradication outcomes were assessed in patients with available post-treatment confir-
mation of H. pylori infection. Test-of-cure was performed using stool antigen testing or urea
breath testing at least four weeks after completion of eradication therapy, in accordance
with guideline recommendations.

Eradication was defined as a negative test result, indicating successful clearance of
infection, while a positive result was considered treatment failure.

Due to the retrospective design and variability in follow-up practices, eradication
outcomes were not available for all patients. Therefore, analyses of eradication rates were
performed using an available-case approach, including only patients with documented
post-treatment testing.

2.9. Statistical Analysis

Statistical analyses were performed using IBM SPSS software (version 26.0; IBM Corp.,
Armonk, NY, USA).

Continuous variables were expressed as mean =+ standard deviation (SD), while cate-
gorical variables were presented as frequencies and percentages. Normality of continuous
variables was assessed using the Shapiro-Wilk test, supplemented by visual inspection of
histograms and Q-Q plots.

Comparisons between groups were performed using the independent-samples t-test
for normally distributed continuous variables and the Mann-Whitney U test for non-
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normally distributed variables, as appropriate. Categorical variables were compared using
the chi-square (x?) test or Fisher’s exact test when expected cell counts were less than five.

Antibiotic resistance rates were calculated according to the number of isolates tested for
each antimicrobial agent. MDR was defined as resistance to two or more antimicrobial classes.

To identify independent predictors of antimicrobial resistance, multivariable logistic
regression analysis was performed among patients who underwent susceptibility testing.
Resistance to at least one antimicrobial agent was defined as the dependent variable.
Independent variables included age (continuous), sex, place of residence (urban vs. rural),
and history of prior H. pylori eradication therapy.

Adjusted odds ratios (aORs) with 95% confidence intervals (Cls) were calculated.
Model discrimination was assessed using the area under the receiver operating characteris-
tic curve (AUC), and calibration was evaluated using the Hosmer-Lemeshow goodness-
of-fit test. The events-per-variable (EPV) ratio was calculated as the number of outcome
events divided by the number of independent variables included in the model. In the
present analysis, 75 events and 4 predictor variables yielded an EPV of 18.8, which exceeds
the commonly recommended minimum threshold of 10 events per variable for reliable
logistic regression models.

All statistical tests were two-tailed, and a p-value < 0.05 was considered statistically
significant.

Due to laboratory and technical constraints, not all isolates were tested against every
antimicrobial agent. Missing susceptibility data were not imputed. Analyses of antibiotic-
specific resistance rates were performed using an available-case approach, with denomina-
tors corresponding to the number of isolates tested for each individual antibiotic (ranging
from 120 to 164 isolates). This variability in testing coverage should be considered when
interpreting resistance prevalence estimates. For analyses involving the composite out-
come of resistance to at least one antimicrobial agent, only patients with at least one valid
susceptibility result were included.

Comparisons of eradication rates between treatment groups (susceptibility-guided
versus empirical therapy) and according to antimicrobial resistance status were performed
using the chi-square (x?) test or Fisher’s exact test, as appropriate, in the subset of patients
with available follow-up data.

2.10. Ethical Considerations

The study protocol was approved by the Research Ethics Subcommittee of the Univer-
sity of Oradea (Approval No. 86/31.03.2026) and by the Ethics Committee of the Oradea
County Emergency Clinical Hospital, Romania (Approval No. 33050/06.11.2025). All
procedures were conducted in accordance with the ethical standards of the Declaration of
Helsinki and its later amendments.

Given the retrospective nature of the study and the use of anonymized clinical data
extracted from medical records, the requirement for informed consent was waived by the
Ethics Committee.

All patient data were handled confidentially and analyzed in anonymized form to
ensure compliance with institutional and national data protection regulations.

2.11. Hypotheses of the Study

Based on previous evidence demonstrating increasing antimicrobial resistance in H.
pylori infection, declining effectiveness of empirical eradication regimens, and the potential
impact of prior antibiotic exposure on resistance development, the present study examined
the following hypotheses:

https://doi.org/10.3390 /microorganisms14051129


https://doi.org/10.3390/microorganisms14051129

Microorganisms 2026, 14, 1129

7 of 20

1. Prior H. pylori eradication therapy is independently associated with an increased
likelihood of antimicrobial resistance, particularly resistance to clarithromycin and
MDR patterns.

2. A substantial prevalence of antimicrobial resistance exists in the study population,
with clarithromycin and metronidazole resistance representing the most frequently
observed resistance patterns.

3. MDR occurs more frequently among patients with a history of prior eradication
therapy compared with treatment-naive patients.

4. Demographic factors, including age, sex, and place of residence, are not independent
predictors of antimicrobial resistance after multivariable adjustment.

5. The prevalence of clarithromycin resistance in the study population exceeds the
15-20% threshold recommended by international guidelines, thereby questioning the
appropriateness of empirical clarithromycin-based triple therapy in this setting.

3. Results
3.1. General Characteristics of the Study Population

A total of 352 patients with confirmed H. pylori infection were included in the analy-
sis. Among them, 168 patients underwent antibiotic susceptibility testing (study group),
while 184 received empirical eradication therapy without prior susceptibility testing (con-
trol group).

The mean age of the overall cohort was 51.8 &= 15.6 years. Patients in the study group
were slightly younger than those in the control group (49.6 + 15.2 vs. 53.9 £ 15.7 years,
p =0.012).

Male sex was moderately more frequent in the study group compared with the control
group (58.3% vs. 50.0%, p = 0.118). The distribution of place of residence (urban origin) was
comparable between groups (61.9% vs. 59.2%, p = 0.642).

Baseline demographic characteristics were comparable between groups, except for
age (Table 1).

Table 1. Demographic Characteristics of the Study Population (1 = 352).

Parameter Study Group (n =168)  Control Group (n = 184) p-Value Total (n = 352)
Age (years), mean £ SD 49.6 + 15.2 539 £15.7 0.012 51.8 £15.6
Male sex, 11 (%) 98 (58.3) 92 (50.0) 0.118 190 (54.0)
Urban origin, n (%) 104 (61.9) 109 (59.2) 0.642 213 (60.5)

Baseline demographic characteristics were broadly comparable between groups, with
the exception of age, which was slightly lower in the study group. Although this dif-
ference reached statistical significance, the absolute difference in mean age was modest.
Importantly, age was not associated with antimicrobial resistance in multivariable analysis.
Furthermore, apart from age and prior eradication therapy, no statistically significant differ-
ences were observed between groups across clinical presentation and endoscopic findings,
indicating overall comparability of baseline characteristics.

3.2. Clinical Presentation

The distribution of presenting symptoms was generally comparable between the study
and control groups. Epigastric pain was the most common symptom overall, reported by
more than 90% of patients in both groups. Diffuse abdominal pain was observed in 64.3%
of patients in the study group and 58.7% in the control group (p = 0.284).

Melena was reported in 11.3% of patients undergoing susceptibility testing compared
with 6.0% in the empirical treatment group (p = 0.082). Other symptoms—including nausea,
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flatulence, hematemesis, loss of appetite, rectal bleeding, vomiting, and heartburn—were
similarly distributed between groups, with no statistically significant differences observed.

No statistically significant differences were observed in the distribution of presenting
symptoms between groups, suggesting a broadly similar clinical presentation at baseline
(Table 2).

Table 2. Clinical symptoms in the study and control groups (1 = 352).

Symptom Study Group (n = 168) Control Group (n = 184) p-Value
Melena, 1 (%) 19 (11.3) 11 (6.0) 0.082
Diffuse abdominal pain, 1 (%) 108 (64.3) 108 (58.7) 0.284
Epigastric pain, n (%) 155 (92.3) 169 (91.8) 0.861
Nausea, 1 (%) 55 (32.7) 67 (36.4) 0.457
Flatulence, 1 (%) 118 (70.2) 132 (71.7) 0.756
Hematemesis, n (%) 6 (3.6) 9 (4.9) 0.541
Loss of appetite, 1 (%) 84 (50.0) 99 (53.8) 0.488
Rectal bleeding, 1 (%) 5(3.0) 7 (3.8) 0.674
Vomiting, 1 (%) 18 (10.7) 22 (12.0) 0.710
Heartburn, n (%) 27 (16.1) 31 (16.8) 0.872

3.3. Diagnostic Methods

All 352 included patients underwent upper gastrointestinal endoscopy with RUT
during hospitalization, which served as the definitive diagnostic confirmation of H. pylori
infection for study inclusion.

In a subset of patients, stool antigen testing had been performed prior to hospitalization
as part of outpatient evaluation. These results were documented in the medical records
and were similarly distributed between the study and control groups (33 [19.6%] vs. 39
[21.2%], p = 0.764).

3.4. History of Previous H. pylori Eradication Therapy

A history of prior H. pylori eradication therapy was more frequently observed in the
study group than in the control group (22.6% vs. 11.4%, p = 0.006).

Among previously treated patients in the study group, the most common regimen
consisted of PPI-based triple therapy combining amoxicillin and clarithromycin. A smaller
proportion of patients had received second-line regimens including levofloxacin-based
combinations. Similar patterns were observed in the control group, although prior therapy
was less frequent overall.

A higher proportion of patients in the study group had a history of prior eradication
therapy (Table 3).

Table 3. History of previous H. pylori eradication therapy (n = 352).

Previous Eradication Regimen Study Group (n =168)  Control Group (n =184)  p-Value
PPI + amoxicillin + clarithromycin 21 (12.5%) 14 (7.6%) —
PPI + amoxicillin + clarithromycin =+ levofloxacin 9 (5.4%) 4 (2.2%) —
PPI + amoxicillin + levofloxacin 8 (4.8%) 3(1.6%) —
Any previous eradication therapy (total) 38 (22.6%) 21 (11.4%) 0.006

Note: Abbreviations: PPI (proton pump inhibitor). — indicates not applicable.

3.5. Biopsy Findings
All 352 patients underwent upper gastrointestinal endoscopy with biopsy sampling
during hospitalization. The gastric antrum was the most frequently sampled site in both
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groups, with biopsies obtained in 139/168 (82.7%) patients in the study group and 150/184
(81.5%) in the control group. In some patients, additional or alternative biopsy sites were
selected based on endoscopic findings and clinical judgment. However, the distribution
of biopsy sites did not differ significantly between groups (p = 0.874), suggesting that
variability in biopsy site selection was unlikely to have introduced systematic bias in
comparative analyses.

Biopsies from the gastric body were obtained in 20/168 (11.9%) and 25/184 (13.6%)
patients, respectively, while duodenal bulb biopsies were performed less frequently (5.4%
vs. 4.9%).

3.6. Endoscopic Findings

Endoscopic findings were heterogeneous across the cohort. Erythematous gastritis
was the most frequently observed finding in both groups (46.4% in the study group vs.
48.9% in the control group; p = 0.648). Erosive gastritis was identified in 18.5% and 16.3%
of patients, respectively.

Atrophic gastritis was observed in a minority of patients without significant intergroup
differences (8.9% vs. 10.3%, p = 0.671). Edematous gastritis and cases with no visible
macroscopic lesion were infrequent and similarly distributed between groups.

Ulcerative disease was present in both cohorts. Gastric ulcers were identified in 9.5%
of patients in the study group and 6.5% in the control group (p = 0.284), while duodenal
ulcers were observed in 11.3% and 8.7% of patients, respectively (p = 0.411). Esophageal ul-
cerations were uncommon. No statistically significant differences in the overall distribution
of endoscopic findings were detected between groups (x test, p = 0.572).

No cases of gastric malignancy were identified during the study period (Table 4).

Table 4. Endoscopic findings in the study and control groups (1 = 352).

Lesion/Pathology Study Group (n = 168) Control Group (n = 184) p-Value
Gastritis
No visible lesion, 1 (%) 10 (6.0) 13 (7.1) 0.674
Erythematous gastritis, 1 (%) 78 (46.4) 90 (48.9) 0.648
Erosive gastritis, n (%) 31 (18.5) 30 (16.3) 0.583
Edematous gastritis, nn (%) 20 (11.9) 22 (12.0) 0.981
Atrophic gastritis, 1 (%) 15 (8.9) 19 (10.3) 0.671

Ulcer disease

Gastric ulcers, n (%)
Duodenal ulcers, n (%)
Gastric cancer, n (%)

Esophageal ulcerations, n (%) 4(2.4) 5(2.7) 1.000
16 (9.5) 12 (6.5) 0.284
19 (11.3) 16 (8.7) 0411
0(0.0) 0(0.0) —

Note: p-values were calculated using the Chi-square test; T Fisher’s exact test was used when expected cell counts
were <5 in any cell. — indicates not applicable.

3.7. Antibiotic Susceptibility Patterns in the Study Group

Antibiotic susceptibility testing was successfully performed in 168 patients in the study
group. Due to technical and laboratory constraints, not all isolates were tested against
every antimicrobial agent; therefore, resistance rates are reported using an available-case
approach, according to the number of isolates tested for each antibiotic. The proportion
of isolates tested varied across antibiotics (120-164 isolates), which may influence the
comparability and precision of resistance rates between antimicrobial agents.
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Clarithromycin resistance was the most frequently observed resistance pattern, de-
tected in 68 of 160 tested isolates (42.5%). Metronidazole resistance was identified in 59 of
162 isolates (36.4%), while levofloxacin resistance was observed in 21 of 150 isolates (14.0%).
Amoxicillin resistance remained low, detected in 4 of 164 tested isolates (2.4%). Resistance
to rifampicin was rare (2 of 120 isolates, 1.7%).

Among the 168 patients undergoing susceptibility testing, and based on available
susceptibility data for each isolate, resistance to at least one antimicrobial agent was
detected in 75 patients (44.6%). Single-drug resistance was identified in 54 patients (32.1%),
while MDR (resistance to >2 antimicrobial classes) was observed in 21 patients (12.5%).

Among isolates with available susceptibility profiles, the most frequently observed
MDR pattern was dual resistance to clarithromycin and metronidazole. No additional resis-
tance combinations were observed among isolates with sufficiently complete susceptibility
data. However, interpretation of MDR distribution should be made cautiously because not
all isolates underwent susceptibility testing against all antimicrobial agents. Consequently,
incomplete testing coverage may have limited the identification of less frequent or alterna-
tive resistance combinations and may affect the completeness of MDR characterization.

Because composite resistance categories were derived from available susceptibility
data rather than complete antibiotic profiles for all isolates, the reported MDR patterns
should be considered exploratory observations rather than definitive estimates of the full
resistance spectrum within the study population.

These findings indicate a high prevalence of clarithromycin resistance in the study
population, while the observed MDR patterns should be interpreted cautiously because of
incomplete susceptibility testing across antimicrobial agents (Tables 5 and 6).

Table 5. Antibiotic susceptibility patterns in the study group (n = 168).

Antibiotic Tested (n) Susceptible, 1 (%) Resistant, n (%)
Amoxicillin 164 160 (97.6) 4(2.4)
Clarithromycin 160 92 (57.5) 68 (42.5)
Metronidazole 162 103 (63.6) 59 (36.4)
Levofloxacin 150 129 (86.0) 21 (14.0)
Rifampicin 120 118 (98.3) 2(1.7)

Table 6. Distribution of resistance patterns in the study group (n = 168).

Resistance Category n (%)
Fully susceptible (no resistance) 93 (55.4)
Single-drug resistance 54 (32.1)
Multidrug resistance (>2 antimicrobial classes) 21 (12.5)
Dual resistance (clarithromycin + metronidazole) 21 (12.5)

Note: Resistance categories are based on available susceptibility data for each isolate. Because not all isolates
were tested against all antimicrobial agents, incomplete susceptibility profiles may have limited identification of
additional or more complex MDR patterns.

A descriptive breakdown of the observed dual resistance patterns based on available
susceptibility data is presented in Table 7. Among isolates with sufficiently complete suscep-
tibility profiles, dual resistance to clarithromycin and metronidazole was the predominant
MDR pattern identified. However, because susceptibility testing was incomplete across
some antimicrobial agents, additional resistance combinations may not have been captured.
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Table 7. Observed dual resistance patterns based on available susceptibility data.

Resistance Combination n (%)
Clarithromycin + Metronidazole 21 (12.5)
Clarithromycin + Levofloxacin 0(0.0)
Metronidazole + Levofloxacin 0 (0.0)

Note: Resistance combinations are reported based on available susceptibility data. Because not all isolates
underwent testing against all antimicrobial agents, the absence of additional resistance combinations should not
be interpreted as definitive evidence that such patterns were not present in the study population.

3.8. Resistance Stratified by Prior Eradication Therapy

A history of prior H. pylori eradication therapy was significantly associated with
antibiotic resistance. Among patients with previous eradication therapy (n = 38), resistance
to at least one antimicrobial agent was observed more frequently compared with treatment-
naive patients (63.2% vs. 39.2%, p = 0.006).

Clarithromyecin resistance was more common among previously treated patients (60.5%
vs. 34.6%, p = 0.006), as was MDR (28.9% vs. 7.7%, p = 0.001). Metronidazole resistance
was also numerically higher among previously treated patients (47.4% vs. 31.5%, p = 0.071).
Levofloxacin resistance was observed more frequently in patients with prior therapy (21.1%
vs. 10.0%, p = 0.06), although this difference did not reach statistical significance. No
statistically significant differences were observed for amoxicillin resistance.

These findings indicate that prior eradication therapy is strongly associated with both
single-drug and MDR and contributes substantially to the resistance burden within the
cohort (Table 8).

Table 8. Antibiotic Resistance According to Prior Eradication Therapy (1 = 168).

Resistance Pattern Prior Therapy (n =38) No Prior Therapy (n =130) p-Value *
Any resistance (>1 drug) 24 (63.2) 51 (39.2) 0.006
Clarithromycin resistance 23 (60.5) 45 (34.6) 0.006
Metronidazole resistance 18 (47.4) 41 (31.5) 0.071
Levofloxacin resistance 8 (21.1) 13 (10.0) 0.09
Amoxicillin resistance 2 (5.3) 2 (1.5) 0.214
Multidrug resistance (>2 antimicrobial classes) 11 (28.9) 10 (7.7) 0.001

* p-values were calculated using the Chi-square test; t Fisher’s exact test was used due to expected cell counts < 5.
Percentages are calculated based on the total number of patients within each subgroup.

3.9. Predictors of Antibiotic Resistance

Multivariable logistic regression analysis was performed among the 168 patients who
underwent antibiotic susceptibility testing. Resistance to at least one antimicrobial agent
(n =75, 44.6%) was defined as the dependent variable, representing a composite clinically
relevant outcome reflecting the overall likelihood of antimicrobial resistance.

Independent variables included age (continuous), sex, place of residence (urban vs.
rural), and history of prior H. pylori eradication therapy. Seventy-five outcome events were
included, yielding an EPV ratio of 18.8, indicating adequate model stability.

In multivariable analysis, prior eradication therapy was independently associated
with an increased likelihood of antibiotic resistance (aOR: 2.41; 95% CI: 1.29-4.51; p = 0.006).
Age, sex, and place of residence were not significantly associated with resistance.

The model demonstrated acceptable discrimination, with an area under the AUC of
0.74. Calibration assessed using the Hosmer-Lemeshow goodness-of-fit test indicated good
model fit (x* = 6.12, p = 0.63).

These findings suggest that prior eradication therapy is the principal clinical predictor
of antimicrobial resistance in this cohort (Table 9).
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Table 9. Multivariable logistic regression analysis for predictors of antibiotic resistance (1 = 168).

Predictor Adjusted OR 95% CI p-Value
Age (per year increase) 1.01 0.99-1.03 0.248
Male sex 1.18 0.64-2.17 0.592
Urban residence 0.93 0.51-1.71 0.817
Prior eradication therapy 241 1.29-4.51 0.006

Note: Outcome variable: resistance to at least one antimicrobial agent (1 = 75 events, 44.6%). Model performance:
area under the AUC = 0.74. Calibration assessed using the Hosmer-Lemeshow goodness-of-fit test (x2 = 6.12,
p=0.63). EPV =18.8.

3.10. Eradication Outcomes According to Treatment Strategy and Resistance Status

Eradication outcomes were available for 300 patients who underwent post-treatment
confirmation using stool antigen testing or urea breath testing performed at least four weeks
after completion of therapy. Overall, eradication was achieved in 228 patients (76.0%).

Cure rates were significantly higher among patients receiving susceptibility-guided
therapy compared with empirical therapy. Among patients with available susceptibility
data, eradication rates were lower in those with antimicrobial resistance, particularly in
cases of clarithromycin resistance and MDR (Table 10).

Table 10. Eradication outcomes according to treatment strategy and resistance status (n = 300).

Variable Patients With Follow-Up,n  Eradicated, n (%) Not Eradicated, n (%) p-Value
Overall cohort 300 228 (76.0) 72 (24.0) —
Treatment strategy

Susceptibility-guided therapy 145 122 (84.1) 23 (15.9) 0.001

Empirical therapy 155 106 (68.4) 49 (31.6) )
Resistance status (tested subgroup)

No resistance detected 82 74 (90.2) 8 (9.8) 0.001

Any resistance detected 63 48 (76.2) 15 (23.8) <Y
Clarithromycin resistance

Clarithromycin susceptible 82 74 (90.2) 8 (9.8) 0.001

Clarithromyecin resistant 63 38 (60.3) 25 (39.7) <U-
Multidrug resistance

No Multidrug resistance 127 112 (88.2) 15 (11.8) 0,004

Multidrug resistance 18 10 (55.6) 8 (44.4) )

4. Discussion

This study provides a comprehensive evaluation of antimicrobial resistance patterns
in H. pylori infection and identifies clinical predictors of resistance in a real-world cohort
of patients managed either with susceptibility-guided therapy or empirical eradication.
Overall, the findings support the major working hypotheses, demonstrating a high burden
of clarithromycin resistance, a measurable prevalence of MDR, and a strong independent
association between prior eradication therapy and antimicrobial resistance.

4.1. Resistance Burden and Distribution of Susceptibility Patterns

A principal finding of this study is the substantial prevalence of antimicrobial resis-
tance among patients who underwent susceptibility testing, with resistance to at least
one agent detected in 44.6% of patients with available susceptibility data. Clarithromycin
resistance was the most frequent pattern (42.5%, 68/160 tested isolates), followed by metron-
idazole resistance (36.4%, 59/162), while levofloxacin resistance was lower (14.0%, 21/150).
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In contrast, amoxicillin resistance remained uncommon (2.4%, 4/164), rifampicin resistance
was rare (1.7%, 2/120).

Overall, this susceptibility profile is consistent with international surveillance re-
ports showing that resistance to clarithromycin and metronidazole remains widespread
and represents a major contributor to declining eradication success with commonly used
empirical regimens [27-30]. Conversely, the low prevalence of amoxicillin resistance ob-
served in our cohort aligns with most contemporary datasets and supports the continued
role of amoxicillin as a backbone component of first-line and rescue therapies, including
susceptibility-guided approaches [31-35].

4.2. MDR and Clinically Relevant Resistance Combinations

MBDR (defined as resistance to >2 antimicrobial classes) was identified in 12.5% of pa-
tients in the susceptibility-tested cohort. Among isolates with available susceptibility data,
dual resistance to clarithromycin and metronidazole was the most commonly observed
MDR pattern. However, interpretation of MDR distribution should be made cautiously
because not all isolates underwent susceptibility testing against all antimicrobial agents.
Consequently, incomplete testing coverage may have limited the detection of less frequent
or more complex resistance combinations.

Despite these limitations, the observed frequency of clarithromycin—metronidazole
dual resistance remains clinically important. Resistance involving these two antimicrobial
classes may directly compromise the effectiveness of standard clarithromycin-based triple
therapy and may also reduce the efficacy of non-bismuth concomitant or sequential regi-
mens in which both agents are key therapeutic components. Previous studies have similarly
identified clarithromycin-metronidazole dual resistance as an important contributor to
treatment failure and reduced eradication success [36—40].

Accordingly, although the precise distribution of MDR patterns cannot be definitively
characterized in the present dataset, the findings support the clinical relevance of combined
resistance to clarithromycin and metronidazole and underscore the importance of resistance-
informed treatment selection in high-resistance settings.

4.3. Prior Eradication Therapy as the Main Driver of Resistance

The most important finding of this study is the independent association between
prior H. pylori eradication therapy and antimicrobial resistance. Patients with previous
treatment exposure exhibited significantly higher rates of resistance to at least one an-
tibiotic, clarithromycin resistance, and MDR compared with treatment-naive individuals.
In multivariable logistic regression analysis, prior eradication therapy remained the only
statistically significant independent predictor of resistance (aOR 2.41; 95% CI 1.29-4.51;
p = 0.006), whereas age, sex, and place of residence were not associated with resistance risk.

This observation is biologically plausible and consistent with existing evidence demon-
strating that repeated antibiotic exposure promotes selection of resistant H. pylori strains
and contributes to secondary resistance following treatment failure. Macrolide-containing
regimens are known to select for point mutations in the 235 rRNA gene that confer clar-
ithromycin resistance [33,35,41]. The markedly higher prevalence of MDR among previ-
ously treated patients in our cohort underscores the cumulative effect of antimicrobial
pressure and highlights prior eradication therapy as a clinically meaningful marker of
increased resistance risk.

Collectively, these findings emphasize the importance of systematically document-
ing treatment history and avoiding reuse of previously administered antibiotic combi-
nations, particularly clarithromycin-based regimens, in patients with prior eradication
attempts [33,42].
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4.4. Implications for Empirical Therapy and Antimicrobial Stewardship

The resistance patterns observed in this study have important implications for empiri-
cal treatment strategies and antimicrobial stewardship in H. pylori infection. Most notably,
the clarithromycin resistance rate of 42.5% substantially exceeds the 15-20% threshold
above which empirical clarithromycin-based triple therapy is generally discouraged accord-
ing to international consensus guidelines [13,43,44]. In this context, continued routine use
of clarithromycin-containing regimens is likely to result in suboptimal eradication rates and
increased need for retreatment, particularly among patients with prior therapy exposure.

Given the high prevalence of clarithromycin and metronidazole resistance, alternative
empirical regimens—such as bismuth-containing quadruple therapy—may represent more
appropriate first-line options in this setting [45-48]. Where available, antibiotic suscepti-
bility testing can further optimize regimen selection by enabling individualized therapy,
especially in patients with previous eradication failure or known macrolide exposure.

From an antimicrobial stewardship perspective, these findings underscore the need
to minimize unnecessary use of macrolides and fluoroquinolones, both within eradica-
tion protocols and in other clinical indications, to reduce selective pressure for resistance
development [49-52]. Systematic assessment of prior antibiotic exposure, adherence to
guideline-recommended regimens, and avoidance of repeated empirical reuse of the same
antibiotic classes are essential components of responsible stewardship.

Overall, these findings support consideration of a shift away from uniform em-
pirical strategies toward more rational, resistance-informed approaches in similar high-
resistance settings.

These recommendations should be interpreted within the context of a single-center
tertiary-care setting with a high prevalence of antimicrobial resistance and may not be
directly generalizable to regions with different resistance patterns or healthcare structures.

4.5. Strengths and Limitations

This study has several notable strengths. It includes a relatively large and well-
characterized clinical cohort of patients with confirmed H. pylori infection, enabling a de-
tailed assessment of antimicrobial susceptibility patterns across multiple antibiotic classes.
The systematic evaluation of resistance in the study group provides clinically relevant
real-world susceptibility data despite the limitations related to incomplete testing cov-
erage. Furthermore, the multivariable logistic regression analysis was conducted with
an adequate events-per-variable ratio, ensuring statistical stability. The predictive model
demonstrated acceptable discrimination (AUC = 0.74) and good calibration, supporting the
robustness of the conclusion that prior eradication therapy is an independent predictor of
antimicrobial resistance.

Nevertheless, several limitations should be considered. First, susceptibility testing was
performed only in the study group, restricting resistance analyses to a subset of the overall
cohort and potentially introducing selection bias, particularly if testing was more frequently
performed in patients with prior treatment or more complex clinical presentations. Sec-
ond, due to laboratory constraints, not all isolates were tested against every antimicrobial
agent, resulting in variable denominators across antibiotics (ranging from 120 to 164 tested
isolates). This incomplete susceptibility testing represents an important methodological
limitation because the missing susceptibility data may have introduced additional uncer-
tainty regarding the completeness of resistance characterization. Consequently, selection
bias cannot be excluded, particularly if isolates undergoing more comprehensive testing
differed systematically from those with incomplete susceptibility profiles.

This limitation may affect the precision, comparability, and completeness of resistance
estimates across antimicrobial agents and may have reduced the ability to identify less
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common or more complex MDR combinations. Therefore, the reported MDR distribution
should be interpreted cautiously and considered exploratory rather than definitive, as
incomplete susceptibility coverage may have influenced the observed resistance patterns.
Additionally, biopsy sampling was not fully standardized and was guided by clinical
judgment, which may introduce variability in microbiological yield, although no signif-
icant differences in biopsy site distribution were observed between groups. In addition,
the non-randomized allocation of patients to study groups introduces the potential for
indication bias, as group assignment was influenced by clinical judgment and logistical
considerations. Although multivariable regression analysis was used to adjust for mea-
sured confounders, residual confounding cannot be excluded. In addition, although age
differed modestly between groups, it was not identified as an independent predictor of
antimicrobial resistance, suggesting limited impact on the primary outcome. Propensity
score-based methods were not applied due to the limited sample size and number of events,
which could compromise model stability and reliability, but this represents an important
consideration for future studies.

Furthermore, multivariable analysis was performed using a composite outcome de-
fined as resistance to at least one antimicrobial agent. While this approach provides a
clinically relevant measure of overall resistance risk, it does not allow identification of
predictors specific to individual antibiotics. Antibiotic-specific regression models were
not performed due to variable testing coverage across antimicrobial agents and limited
numbers of resistance events for certain drugs, which could compromise the statistical
robustness of the models.

Third, information regarding prior eradication therapy relied on available clinical
documentation and patient history, and detailed data on adherence, antibiotic dosing,
and treatment duration were not consistently captured. These factors may influence the
development of secondary resistance and could not be fully accounted for in the analysis.
Fourth, molecular mechanisms of resistance—such as 23S rRNA mutations associated with
clarithromycin resistance or gyrA mutations linked to fluoroquinolone resistance—were not
evaluated, limiting mechanistic interpretation and preventing genotype—phenotype correlation.

Additionally, eradication outcomes were available only for a subset of patients with
documented post-treatment follow-up, reflecting the retrospective design and variability
in clinical practice. As a result, analyses of treatment success were conducted using an
available-case approach, which may introduce selection bias if patients with available
follow-up differ systematically from those without documented test-of-cure results. Fur-
thermore, eradication outcomes were not predefined as a primary endpoint of the study,
and therefore the analyses should be considered exploratory. Consequently, while the ob-
served associations between antimicrobial resistance and treatment outcomes are clinically
meaningful and consistent with existing evidence, they should be interpreted with caution.

Finally, the single-center design in a tertiary care setting may limit the generalizability
of these findings, as such centers may include a higher proportion of patients with more
complex clinical presentations, prior treatment exposure, or refractory infection. This may
lead to an overrepresentation of cases with increased antimicrobial resistance compared
with the general population. Multicenter studies with standardized and more complete
susceptibility testing across antimicrobial agents are needed to better characterize MDR
patterns and validate the resistance distributions observed in the present study.

4.6. Future Directions

The findings of this study highlight several priorities for future research and clinical
development.
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First, multicenter and longitudinal surveillance studies are needed to monitor regional
and temporal trends in H. pylori antimicrobial resistance. Given the dynamic nature of an-
tibiotic prescribing practices and resistance evolution, continuous epidemiological monitoring
is essential to inform guideline adaptation and empirical treatment recommendations.

Second, integration of molecular diagnostic techniques into routine practice may
enhance resistance detection. Identification of 23S rRNA mutations associated with clar-
ithromycin resistance and gyrA mutations linked to fluoroquinolone resistance could
enable faster, less invasive resistance profiling and support more timely individualized
treatment selection. Combining phenotypic susceptibility testing with molecular methods
may provide a more comprehensive understanding of local resistance ecology.

Third, prospective comparative studies evaluating susceptibility-guided or resistance-
informed approaches may be particularly beneficial in comparable high-resistance contexts.
Such studies should assess not only eradication success rates but also adverse events,
cost-effectiveness, and long-term outcomes, including recurrence and reinfection rates.
These data would help determine whether broader implementation of routine susceptibility
testing is clinically and economically justified.

Finally, future research should explore antimicrobial stewardship-informed strate-
gies that incorporate prior antibiotic exposure, eradication history, and regional resistance
patterns into individualized decision-making algorithms. Development of risk-based
treatment pathways and predictive models may improve first-line eradication success
while minimizing repeated treatment failures and the amplification of resistance. Future
research should also incorporate antibiotic-specific predictive modeling to better iden-
tify clinical determinants of resistance to individual agents and support more tailored
therapeutic strategies.

Collectively, these directions underscore the need for a more personalized and
resistance-informed approach to H. pylori management, integrating epidemiological surveil-
lance, molecular diagnostics, and stewardship principles to optimize therapeutic outcomes.

In high-resistance settings such as ours, reliance on empirical clarithromycin-based
therapy is increasingly untenable, and susceptibility-guided or resistance-informed treat-
ment strategies should be prioritized.

5. Conclusions

This study demonstrates a high prevalence of clarithromycin resistance among patients
with H. pylori infection in our setting, while amoxicillin resistance remained uncommon.
Among isolates with available susceptibility data, dual resistance involving clarithromycin
and metronidazole was the most frequently observed MDR pattern. However, incomplete
susceptibility testing across antimicrobial agents limits definitive characterization of the
full MDR distribution and warrants cautious interpretation of these findings.

Prior eradication therapy emerged as the principal independent predictor of antimi-
crobial resistance, underscoring the critical importance of detailed treatment history when
selecting subsequent regimens. Demographic factors were not significantly associated with
resistance risk.

Given that clarithromycin resistance substantially exceeds internationally accepted
thresholds for empirical triple therapy, reliance on uniform clarithromycin-based regimens
may be suboptimal in this setting. Greater consideration should be given to susceptibility-
guided strategies or alternative empirical regimens aligned with contemporary resis-
tance patterns.

Opverall, these findings support the importance of resistance-informed and stewardship-
oriented management approaches to optimize eradication success while highlighting the
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need for further studies with standardized and complete susceptibility testing to better
define MDR patterns in H. pylori infection.
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