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ABSTRACT

Background & Aims: Helicobacter pylori (H. pylori) eradication is crucial for gastric cancer (GC) prevention.
However, increasing clarithromycin (CLR) resistance (CLRR) poses significant challenges. This study aimed
to investigate CLRR patterns across different gastric diseases in Uzbekistan.

Methods: We retrospectively analyzed 279 H. pylori-infected patients with chronic non-atrophic gastritis
(CNAG), chronic atrophic gastritis (CAG), gastric ulcer (GU), mucosa-associated lymphoid tissue lymphoma
(MALT-L), or GC between 2020-2022. Among 194 cagA-positive patients who received eradication therapy,
CLRR was defined by 23S rRNA mutations (A2142G, A2142C, A2143G) or treatment failure with CLR-based
regimens. Logistic regression identified factors associated with CLRR, evaluated by univariate and multivariate
analysis, and predicted probability models were generated based on disease type and patient characteristics.
Results: The overall CLRR rate was 44.8% (87/194), with 41.2% showing genotypic resistance. CLRR rates
increased with disease severity: CNAG (33.3%), CAG (31.7%), GU (59.3%), MALT-L (54.1%), and GC (69.6%).
Multivariate analysis identified older age (OR=2.27, 95%CI: 1.05-5.10), GU (OR=2.65, 95%CI: 1.04-6.96), and
GC (OR=3.73, 95%CI: 1.34-11.2) as independent CLRR predictors. Disease-specific patterns emerged: GU
and GC showed positive associations between age / body mass index and CLRR probability, while MALT-L
demonstrated inverse relationships.

Conclusions: High CLRR rates in Uzbekistan correlate with gastric disease severity. The disease-specific CLRR
probability patterns identified in our study provide a practical framework for optimizing empirical therapy
selection when comprehensive resistance testing is unavailable.

Key words: Helicobacter pylori — clarithromycin resistance — 23S rRNA mutation — gastric diseases —
Uzbekistan.

Abbreviations: BMI: body mass index; CAG: chronic atrophic gastritis; cagA: cytotoxin-associated gene A;
CIL: confidence interval; CLR: clarithromycin; CLRR: CLR resistance; CNAG: chronic atrophic gastritis; GC:
gastric cancer; GU: gastric ulcer; H. pylori: Helicobacter pylori; MALT-L: mucosa-associated lymphoid tissue
lymphoma; OR: odds ratio; PCR: polymerase chain reaction; PPI: proton pump inhibitor.

INTRODUCTION

including epithelial cell transformation and chronic
inflammation [2, 3]. Eradication of H. pylori has consistently

Helicobacter pylori (H. pylori)
infects nearly half of the global
population and is recognized as
the leading etiological factor in
the development of gastric cancer
(GC) [1]. Among its virulence
determinants, the cytotoxin-
associated gene A (cagA) has been
most extensively investigated.
This gene product contributes
to gastric carcinogenesis through
several biological pathways,

been associated with reduced incidence and mortality of GC
[4-6]. Although there is still controversy regarding the ideal
timing of eradication, emerging data indicate that even elderly
patients and those with advanced gastric pathology, such as
post-gastrectomy cases, can benefit from treatment [6-8].
Despite these advantages, rising antibiotic resistance, especially
to clarithromycin (CLR), has become a critical obstacle for
eradication success worldwide [9].

Resistance to CLR (CLRR) is identified through various
approaches, including molecular detection of 23S rRNA
mutations, culture-based susceptibility testing, or observation
of treatment failure in clinical settings [10, 11]. Patients
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with resistant strains often experience substantially lower
eradication success, which has stimulated the search for
alternative strategies such as bismuth-based quadruple therapy
or other combination regimens [12, 13].

In Central Asia, and particularly in Uzbekistan, H. pylori
management faces distinct challenges. High levels of antibiotic
resistance, limited access to molecular diagnostics, and
reliance on empirical treatment contribute to poor outcomes,
even though GC represents a significant health burden in the
region [14, 15]. Moreover, the lack of organized screening
programs means that many patients present with advanced
gastric disease, creating patterns of antibiotic resistance that
differ from those in countries with well-established eradication
protocols.

Therefore, we conducted a retrospective analysis of H. pylori-
infected patients with diverse gastric diseases in Uzbekistan.
Our objectives were to estimate the prevalence of CLRR across
disease subtypes, identify clinical and demographic factors
linked to resistance, and explore predictive insights to guide
treatment strategies in resource-limited settings. These findings
may support the development of tailored eradication protocols
and contribute to GC prevention efforts in Central Asia.

METHODS

We conducted a multicenter retrospective study involving
279 patients diagnosed with gastric disease and confirmed
H. pylori infection. Participants were treated at either the
Republican Specialized Scientific and Practical Medical Center
of Oncology and Radiology or the Republican Specialized
Scientific and Practical Medical Center of Therapy and Medical
Rehabilitation in Uzbekistan between 2020 and 2022. Diagnoses
included one of five gastric conditions: chronic non-atrophic
gastritis (CNAG), chronic atrophic gastritis (CAG), gastric
ulcer (GU), mucosa-associated lymphoid tissue lymphoma
(MALT-L), or gastric cancer (GC). Clinical information
was obtained from medical records and, when necessary,
supplemented with follow-up telephone interviews [16].

All patients underwent upper gastrointestinal endoscopy
with gastric biopsy sampling. The presence of H. pylori
infection was confirmed by polymerase chain reaction (PCR)
analysis. DNA was extracted from gastric mucosal specimens,
and the ureC gene, a marker of H. pylori, was detected by real-
time PCR using specific primers (Supplementary file). The
cagA gene, which encodes the cytotoxin-associated protein
A and is recognized as an important virulence determinant,
was evaluated to assess H. pylori pathogenicity. Detection
was carried out using PCR amplification with cagA-specific
primers (Supplementary file). The samples were considered
cagA-positive when amplification was confirmed by both
real-time PCR and presence of bands on gel electrophoresis.

To assess H. pylori resistance to CLR, point mutations in
the 23S rRNA gene were analyzed in all cagA-positive samples.
Multiplex real-time PCR was carried out with the GenePak™
PCR Core kit (Laboratory IZO GEN, Russia) to detect, in a
single assay, three clinically important mutations - A2142G,
A2142C, and A2143G - that are associated with CLRR. DNA
extracted from gastric biopsy specimens was amplified using
mutation-specific primers (Supplementary file). Samples
were considered as CLRR when any of these mutations were
detected. The presence of resistance mutations guided the
selection of alternative treatment regimens.

The treatment strategy was determined based on cagA
status and 23S rRNA mutation analysis (Fig. 1). This study
was designed to evaluate a 23S rRNA mutation-guided
eradication algorithm specifically in patients infected with
cagA-positive H. pylori strains. Patients with cagA-positive
infection were eligible for study-directed eradication therapy
and molecular resistance testing. In contrast, patients with
cagA-negative infection were excluded from the study
treatment algorithm and molecular analysis and were referred
to their primary physicians for routine clinical management.
Eradication therapy, if administered, and treatment outcomes
for cagA-negative patients were determined by the attending
physicians and were not systematically collected or analyzed
in this study. For cagA-positive patients, treatment selection

Fig. 1. Patient selection and treatment algorithm based on cagA status and 23S rRNA
mutation analysis for H. pylori eradication therapy.
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was guided by 23S rRNA mutation status. Patients with
mutation-negative strains received a clarithromycin-based
quadruple regimen as first-line therapy. This regimen consisted
of clarithromycin (500 mg twice daily), amoxicillin (500 mg
twice daily), pantoprazole (20 mg twice daily), and bismuth
subcitrate (120 mg twice daily) for a total duration of 14 days.
Patients with mutation-positive strains received a nifuratel-
based regimen as first-line therapy. This regimen consisted
of nifuratel (500 mg three times daily), amoxicillin (500 mg
twice daily), pantoprazole (20 mg twice daily), and bismuth
subcitrate (120 mg twice daily) for 14 days. Treatment efficacy
was assessed using the urea breath test after completion of
therapy. Patients with mutation-negative strains who failed
first-line clarithromycin-based therapy subsequently received
the nifuratel-based regimen as second-line treatment, using
the same drug combination, dosages, and treatment duration
as described above.

In this study, CLRR was primarily defined based on
genotypic evidence. Among cagA-positive H. pylori-infected
patients, strains harboring 23S rRNA mutations (A2142G,
A2142C, or A2143G) were classified as genotypically CLRR.
In addition, strains without 23S rRNA mutations that failed
eradication with CLR-based regimen were classified as cases of
clinical treatment failure. Because culture-based susceptibility
testing was not performed, these cases were not considered
to represent confirmed phenotypic clarithromycin resistance.

For the statistical analysis, genotypically resistant strains
and clinical treatment failure cases were collectively categorized
as CLRR, reflecting a composite outcome of resistance-
associated treatment failure. Conversely, strains without 23S
rRNA mutations that achieved successful eradication with
CLR-based regimen were defined as clarithromycin-susceptible
strains.

Statistical Analysis

Categorical variables were presented as numbers (%) and
compared using the chi-square test or Fisher’s exact test as
appropriate. Continuous variables were expressed as median
(range) due to non-normal distribution and compared
among the five disease groups using the Kruskal-Wallis’s test.
The logistic regression analysis was performed to identify
factors associated with CLRR. Variables with p<0.05 in the
univariate analysis were included in the multivariate model.
Results are reported as odds ratios (OR) with corresponding
95% confidence intervals (CI). To illustrate how continuous
variables, such as age and body mass index (BMI), relate
to CLRR across the different disease groups, we generated
predicted probability curves from logistic regression models
that included interaction terms between each continuous factor
and disease type. All statistical tests were two-sided, and p<0.05
was interpreted as indicating statistical significance. Analyses
were performed using R software (version 4.3.0).

RESULTS

A total of 279 patients with ureC-positive H. pylori infection
were included in this study (Fig. 1). The baseline characteristics
of all patients across five gastric disease groups are presented

in Supplementary file, showing significant differences in age
distribution (p<0.001) and antibiotic use history (p=0.040).

Analysis of the cagA gene showed that 194 patients (69.5%)
were infected with cagA-positive strains, whereas 85 patients
(30.5%) carried cagA-negative strains (Fig. 1). The frequency
of cagA positivity differed across disease categories, with higher
rates in patients with more severe gastric pathology: CNAG
(62.9%), CAG (70.7%), GU (75.0%), MALT-L (74.0%), and GC
(76.7%). However, these differences did not reach statistical
significance (P p=0.413; Supplementary file).

The characteristics of the 194 cagA-positive patients are
summarized in Table I. This subgroup included 66 patients
with CNAG, 41 with CAG, 27 with GU, 37 with MALT-L,
and 23 with GC. Significant age variation was noted among
the disease groups (p<0.001). Patients with MALT-L had
the highest median age (53 years; range, 24-71), followed by
those with GC (51 years; range, 40-73). In contrast, patients
with gastritis or ulcer tended to be younger. No significant
differences were found in BMI, gender distribution, or lifestyle
factors including antibiotic use history, proton pump inhibitor
(PPI) use history, alcohol consumption, or smoking history
among the five disease groups.

To explore the genotypic features related to disease severity,
we examined the distribution of cagA status together with 23S
rRNA mutations across the five gastric disease categories (Fig.
2). This assessment demonstrated variation in the molecular
profile of H. pylori strains, with characteristic patterns observed
for different gastric conditions. Among all 279 patients, the
proportion of cagA-positive strains with concurrent 23S rRNA
mutations (indicating genotypic CLRR) increased progressively
with disease severity: CNAG (21.0%), CAG (22.4%), GU
(44.4%), MALT-L (40.0%), and GC (53.3%).

Among the 194 cagA-positive patients who received
eradication treatment, detailed analysis of 23S rRNA mutation
patterns showed differences across disease groups, though
not statistically significant (p=0.054) (Table II). The overall
prevalence of 23S rRNA mutations was 41.2% (80/194).
Mutation rates tended to be higher in patients with advanced
gastric disease, including GC (65.2%), GU (51.9%), and
MALT-L (48.6%), while lower frequencies were noted among
those with gastritis: CNAG (31.8%) and CAG (29.3%). Taken
together, these results indicate that severe gastric conditions
are characterized not only by a greater proportion of cagA-
positive strains but also by a higher burden of CLRR mutations,
pointing to a possible link between H. pylori virulence and
antimicrobial resistance in advanced disease.

In this study, we defined CLRR not only by genotypic
resistance based on 23S rRNA mutations (n=80) but also
included cases that failed eradication with CLR-based
regimens despite lacking the three common mutations in 23S
rRNA. Among 114 patients without 23S rRNA mutations who
received CLR-based therapy, 7 patients (6.1%) experienced
treatment failure, while 107 patients achieved successful
eradication. Therefore, a total of 87 patients were classified as
having CLRR in the present analysis, including 80 patients with
genotypically confirmed resistance and 7 patients categorized
as clinical treatment failure despite the absence of 23S rRNA
mutations.
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Table I. Demographic and clinical characteristics of cagA-positive patients across different gastric disease groups

Variable CNAG CAG GU MALT-L GC »
(N =66) (N=41) (N=27) (N=37) (N=23)
Age [years], median (range) 465 (21 - 67) 45 (19 - 66) 47 (19 - 63) 53 (24 - 71) 51 (40 - 73) <0.001
BMI [kg/m’], median (range)  26.1 (16.8-362) 27.4(17.1-346) 263 (185-336) 269 (175-325) 269(205-328) =%
Gender, n (%) 0.818
Male 31 (47.0) 24 (58.5) 15 (55.6) 20 (54.1) 12 (52.2)
Female 35 (53.0) 17 (41.5) 12 (44.4) 17 (45.9) 11 (47.8)
AB history, n (%) 0.167
Yes 26 (39.4) 14 (34.1) 16 (59.3) 12 (32.4) 7 (30.4)
No 40 (60.6) 27 (65.9) 11 (40.7) 25 (67.6) 16 (69.6)
PPI history, n (%) 0425
Yes 20 (30.3) 13 (31.7) 10 (37.0) 13 (35.1) 12 (52.2)
No 46 (69.7) 28 (68.3) 17 (63.0) 24 (64.9) 11 (47.8)
Alcohol history: n (%) 0.613
Yes 16 (24.2) 10 (24.4) 4(14.8) 6(16.2) 7 (30.4)
No 50 (75.8) 31 (75.6) 23 (85.2) 31(83.8) 16 (69.6)
Smoking history, n (%) 0.720
Yes 12 (18.2) 6 (14.6) 5(18.5) 10 (27.0) 4(17.4)
No 54 (81.8) 35 (85.4) 22 (81.5) 27 (73.0) 19 (82.6)

CNAG: chronic non-atrophic gastritis; CAG: chronic atrophic gastritis; GU: gastric ulcer; MALT-L: mucosa-associated lymphoid tissue lymphoma;
GC: gastric cancer; BMI: body mass index; AB: antibiotic; PPI: proton pump inhibitor. p represent overall comparisons across disease groups for each

variable.

Fig. 2. Distribution of cagA status and 23S rRNA mutation patterns
across different gastric disease groups. For abbreviations see Table I.

Regarding treatment outcomes, nifuratel-based therapy
demonstrated excellent efficacy. Among the 80 patients with
genotypically confirmed CLRR who received nifuratel-based
therapy as first-line treatment, 77 (96.3%) achieved successful
eradication. In addition, all seven patients who failed initial
CLR-based therapy despite lacking 23S rRNA mutations
subsequently received nifuratel-based therapy as second-line
treatment, with eradication achieved in every case. These
results underscore the effectiveness of nifuratel-containing
regimens in the management of CLRR H. pylori infections
(Supplementary file).
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To identify variables independently associated with
CLRR, logistic regression analyses were performed,
incorporating demographic characteristics, clinical factors,
and gastric disease categories (Table III). In univariate
analysis, CLRR was significantly associated with older age
(OR=2.75,95%CI: 1.32-5.96, p=0.008), a history of PPT use
(OR=1.99, 95%CI: 1.10-3.64, p=0.024), and disease type.
Compared with CNAG, patients with GU (OR=2.91, 95%ClI:
1.17-7.49,p=0.023), MALT-L (OR=2.35, 95%CI: 1.04-5.43,
p=0.042), and GC (OR=4.57, 95%CI: 1.69-13.5, p=0.004)
demonstrated significantly higher odds of resistance,
whereas CAG showed no significant difference (OR=0.93,
95%CI: 0.40-2.12, p=0.862). These observations suggest a
relationship between increasing disease severity and higher
resistance risk. Multivariate analysis confirmed that older age
(adjusted OR=2.27, 95%CI: 1.05-5.10, p=0.041) remained an
independent predictor of CLRR. Among disease groups, both
GU (adjusted OR=2.65, 95%CI: 1.04-6.96, p=0.043) and GC
(adjusted OR=3.73, 95%CI: 1.34-11.2, p=0.014) retained
significant associations with resistance after adjustment
for covariates. In contrast, the associations with PPI use
history (adjusted OR=1.82, 95%CI: 0.97-3.43, p=0.064) and
MALT-L (adjusted OR=1.93, 95%CI: 0.82-4.60, p=0.133)
were no longer significant. Overall, these results indicate
that disease severity itself represents an independent risk
factor for CLRR, with risk increasing progressively from
benign inflammatory conditions to neoplastic disease (Fig.
3A, Table III).

To further illustrate the clinical relevance of these findings,
we modeled CLRR probability patterns based on interactions
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Table II. Distribution of 23S rRNA mutation types across different gastric disease groups

Variable CNAG CAG GU MALT-L GC p value
(N =66) (N =41) (N =27) (N =37) (N =23)

23S rRNA mutation type, n (%) <0.054
None 45 (68.2) 29 (70.7) 13 (48.1) 19 (51.4) 8 (34.8)
A2142G 15 (22.7) 5(12.2) 10 (37) 12 (32.4) 11 (47.8)
A2142C 2(3.0) 1(2.4) 1(3.7) 2(5.4) 0(0)
A2143G 4(6.1) 6 (14.6) 3(11.1) 4(10.8) 4(17.4)

For abbreviations see Table I.

between disease type and patient characteristics. Using DISCUSSION

coefficients from the multivariate analysis, we generated
predicted probability curves for age and BMI (Figs. 3B and 3C).
Age-related predictions showed disease-specific differences:
in GU and GC, the probability of CLRR rose with advancing
age, whereas in MALT-L patients, an inverse relationship was
observed. CNAG and CAG consistently demonstrated lower
probabilities compared with GC and GU, with only modest
increases across age groups. BMI-based predictions revealed
similar disease-specific trends. In GU and GC, higher BMI
was linked to greater CLRR probability, while CNAG showed
a parallel but less pronounced increase. Conversely, CAG and
MALT-L patients displayed an inverse association, where
increasing BMI corresponded to lower resistance probabilities.
Interestingly, although GU and GC had lower predicted CLRR
probability compared with MALT-L among younger and
leaner patients, this pattern reversed in older and higher-BMI
patients, where GU and GC demonstrated higher predicted
probabilities.

This study provides a detailed overview of the molecular
epidemiology of H. pylori infection and CLRR across different
gastric diseases in Uzbekistan. Among 279 patients with
confirmed infection, we observed a high cagA positivity rate
0f69.5% (194/279), with a tendency toward higher prevalence
in severe gastric conditions, ranging from 62.9% in CNAG to
76.7% in GC. The overall rate of CLRR among cagA-positive
patients was 44.8% (87/194), with genotypic resistance based
on 23S rRNA mutations accounting for 41.2% (80/194) of
cases. Importantly, resistance rates rose progressively with
disease severity, from benign inflammatory conditions
(CNAG 33.3%, CAG 31.7%) to ulcer disease (GU 59.3%)
and neoplastic conditions (MALT-L 54.1%, GC 69.6%). Our
analysis also highlighted disease-specific differences in how
patient characteristics affect resistance probability. In GU
and GC, both age and BMI were positively associated with
resistance, whereas in MALT-L the relationship was inverse.

Table III. Univariable and multivariable analysis of factors associated with clarithromycin resistance

Univariable analysis Multivariable analysis

Variable Level N CLRR / CLRS OR 95% CI p OR 95% CI p
Age, (years) <60 157 63 /94
=60 37 24/13 2.75 1.32-5.96 0.008 2.27 1.05-5.10 0.041
BMI, (kg/m?) <25 57 25/32
>25 137 62/75 1.06 0.57-1.98 0.859
Gender Male 102 46/ 56
Female 92 41/51 0.98 0.55-1.73 0.941
AB history No 119 59 /60
Yes 75 28 /47 0.61 0.33-1.09 0.096
PPI history No 126 49177
Yes 68 38/30 1.99 1.10-3.64 0.024 1.82 0.97-3.43 0.064
Alcohol history ~ No 151 72179
Yes 43 15/28 0.59 0.29-1.17 0.139
Smoking history  No 157 72185
Yes 37 15/22 0.80 0.38-1.66 0.559
Disease type CNAG 66 22/44
CAG 41 13/28 0.93 0.40-2.12 0.862 0.91 0.38-2.11 0.820
GU 27 16 /11 291 1.17-7.49 0.023 2.65 1.04-6.96 0.043
MALT-L 37 20/17 2.35 1.04-5.43 0.042 1.93 0.82-4.60 0.133
GC 23 16/7 4.57 1.69-13.5 0.004 3.73 1.34-11.2 0.014

CLRR: clarithromycin resistance; CLRS: clarithromycin sensitive; OR: odds ratio; CI: confidence interval. For the rest of abbreviations see Table I.
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Fig. 3. Risk factors for clarithromycin resistance and predicted probability patterns. (A) Multivariable
analysis results. (B) Predicted probability by age. (C) Predicted probability by BMI.

These contrasting patterns suggest that host factors interact
with resistance development in ways that vary across gastric
disease types.

The overall CLRR rate of 44.8% observed in this cohort
represents a concerning level of resistance for the region
and places Uzbekistan among high-resistance countries
[17]. Reports from neighboring regions describe variable
prevalence, typically ranging between 15-40% [9, 18-27].
The especially high rate found here may reflect contextual
factors such as widespread and uncontrolled antibiotic use,
premature discontinuation of treatment courses due to cost,
and the absence of standardized H. pylori treatment guidelines
tailored to local resistance patterns [28]. In addition, the lack of
routine susceptibility testing before treatment initiation likely
contributes to repeated empirical therapy failures, thereby
promoting resistance [29]. These findings underscore the
urgent need for resistance-guided therapy and the development
of region-specific treatment protocols in Uzbekistan.

The association between disease severity and cagA
positivity in our study is consistent with previous reports that
described higher prevalence of virulence factors in advanced
gastric pathology [30, 31]. Our findings also add novel evidence
linking antimicrobial resistance to disease progression. The
particularly high CLRR rates in GC (69.6%) and MALT-L
(54.1%) compared with chronic gastritis raise important
questions about causality. Two possible mechanisms may be
considered. First, intrinsically resistant H. pylori strains may
also carry enhanced pathogenic potential, leading to more
severe outcomes through prolonged infection and heightened
inflammatory responses [32]. Second, patients with advanced
gastric disease may have undergone multiple prior antibiotic
treatments for various indications, creating selective pressure

] Gastrointestin Liver Dis, June 2026 Vol. 35 No 2: 159-166

that fosters resistance [33]. These possibilities suggest that
patients with advanced gastric pathology require more cautious
antimicrobial selection and, ideally, susceptibility testing prior
to treatment. However, it should be noted that the estimated
effect size for GC was associated with a wide confidence
interval, reflecting limited statistical precision due to the small
number of GC cases in this cohort.

An intriguing finding of this study was that patients with
GC exhibited the highest rate of CLRR despite reporting the
lowest history of prior antibiotic use. This apparent paradox
suggests that individual antibiotic exposure alone may not fully
explain resistance patterns in advanced gastric disease. One
possible explanation is recalling bias, as antibiotic use history
was assessed retrospectively and may be underestimated,
particularly for remote or non-H. pylori-related treatments.
Alternatively, CLRR in GC patients may be driven by factors
independent of personal antibiotic misuse. Long-standing
H. pylori infection could facilitate the gradual selection and
persistence of resistant strains. Moreover, the altered gastric
microenvironment associated with advanced pathology,
including mucosal atrophy and changes in gastric acidity,
may favor colonization by resistant organisms. Together,
these considerations suggest that resistance in GC may reflect
complex host—pathogen and environmental interactions rather
than antibiotic exposure alone.

The probability models we developed provide a practical
framework for risk-stratified eradication therapy, especially
in settings where molecular resistance testing is unavailable.
The relatively modest age-related increase in CLRR probability
observed in CNAG and CAG, combined with the preventive
benefit of eradication against gastric cancer even in elderly
patients, supports aggressive eradication in these groups
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regardless of age [6]. By contrast, the steep age- and BMI-related
increases seen in GU and GC suggest that older or higher-BMI
patients in these categories may benefit most from up-front
susceptibility testing or alternative first-line regimens. The
inverse associations between age or BMI and CLRR probability
in MALT-L patients represent an unexpected finding and may
reflect unique aspects of MALT-L pathophysiology [34]. This
association observed in MALT-L patients should be interpreted
cautiously; as this finding is exploratory and requires validation
in larger, independent cohorts.

Nifuratel-based regimens are widely used as rescue therapy
for H. pyloriinfection in Uzbekistan and neighboring regions,
where they are readily available and commonly incorporated
into clinical practice [35, 36]. Although nifuratel is less
frequently recommended in Western guidelines, its favorable
safety profile and local accessibility make it a practical
alternative in regions with high CLRR. The excellent efficacy
of nifuratel-based therapy observed in this cohort further
supports its role as a reliable alternative regimen. We found
eradication rates of 96.3% in patients with genotypically
confirmed clarithromycin resistance and 100% in patients
with clinical treatment failure following CLR-based therapy,
confirming its clinical utility.

This study has several limitations. The retrospective,
single-center design may introduce selection bias and limit
generalizability to other populations. The absence of a
formal power analysis prevents confirmation of whether the
sample size was sufficient for all resistance comparisons. Our
definition of CLRR combined genotypic resistance based on
three common 23S rRNA mutations with clinical treatment
failure, which may not capture less common mechanisms.
Other less frequent mutations, including A2142T and variants
outside the canonical mutation sites, have been reported in
Asian populations [9, 22, 29]. The absence of testing for these
mutations may partly explain clarithromycin treatment failure
in some mutation-negative cases. Furthermore, culture-based
susceptibility testing and expanded molecular approaches
were not included. Although clinical treatment failure in
patients without 23S rRNA mutations was included in the
analytical definition of CLRR, eradication failure does not
necessarily indicate true phenotypic CLRR. Factors such as
suboptimal treatment adherence, insufficient acid suppression,
or resistance to companion antibiotics may also contribute to
treatment failure. Therefore, true phenotypic resistance could
not be confirmed in this study, and our findings should be
interpreted primarily in the context of genotypic resistance
and clinically observed treatment outcomes. Future prospective
multicenter studies with larger cohorts, comprehensive
resistance profiling (including culture-based methods and
whole-genome sequencing), and longitudinal follow-up are
needed to validate our model and establish causal relationships
between resistance and disease progression.

CONCLUSIONS

This study demonstrates alarmingly high CLRR rates in
Uzbekistan, with significant associations between resistance,
disease severity, and patient characteristics. The disease-specific
prediction models we present provide a practical framework

for guiding eradication strategies in resource-limited settings,
emphasizing the urgent need for resistance-guided therapy and
region-specific treatment protocols in Central Asia.
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