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Abstract

Background:Structural polymorphisms in the CagA oncoprotein, particularly
within the EPIYA phosphorylation motifs, represent major determinants of



Helicobacter pylori virulence and gastric cancer risk. Central Asia remains under-
represented in global molecular epidemiology, and the distribution of CagA
EPIYA variants in Uzbekistan is unknown.

Purpose: To characterize CagA EPIYA motif polymorphisms of H. pylori and
assess their association with histologically confirmed gastric disease severity in
an adult Uzbek cohort.

Methods: In this cross-sectional study, 120 individuals were enrolled, including
100 patients with gastric pathology and 20 healthy controls. H. pylori infec-
tion (ureC), cagA positivity, and CagA EPIYA motifs were determined using
PCR and fragment analysis. Associations between genotypes and clinical out-
comes were evaluated using x2 tests, risk estimates, logistic regression, and ROC
analysis.

Results: TH. pylori infection was detected in 79.1% of participants, with sig-
nificantly higher prevalence in patients than in controls (88.0% vs. 55.0%; p
= 0.001). Among ureC-positive samples, 69.5% harbored cagA. Western-type
EPIYA patterns predominated. Motifs containing multiple EPIYA-C segments
were significantly associated with chronic atrophic gastritis and gastric can-
cer, demonstrating a dose-response relationship (OR for >3 repeats = 5.40;
95% CI: 1.80-17.00). ROC analysis showed moderate discriminatory ability of
EPIYA-based profiling (AUC = 0.786).

Conclusion: In Uzbekistan, H. pylori strains carrying expanded EPIYA-C
repeats represent a high-risk CagA genotype linked to advanced gastric pathol-
ogy. CagA EPIYA profiling may serve as a valuable adjunct marker for virulence
stratification in H. pylori—associated disease.

Keywords: Helicobacter pylor, CagA, EPIYA motifs, gastric cancer, chronic atrophic
gastritis, virulence factor, molecular epidemiology, Uzbekistan.

1 Introduction

Helicobacter pylori (H. pylori) is one of the most common chronic bacterial infections
in humans, colonizing more than half of the global population and contributing sub-
stantially to the burden of gastroduodenal diseases [1-4]. Although the majority of
infected individuals remain asymptomatic, a significant proportion develops chronic
gastritis, peptic ulcer disease, or neoplastic complications, including gastric adenocar-
cinoma, which remains among the leading causes of cancer-related mortality worldwide
[5—7]. The progression from infection to malignancy is governed by the Correa path-
way, involving chronic inflammation, atrophy, intestinal metaplasia, dysplasia, and
carcinoma, yet only a subset of infected hosts undergoes this multistep cascade [5-7].
This variability highlights the multifactorial nature of H. pylori pathogenicity and the
importance of bacterial, host, and environmental determinants [8-12]. Among bac-
terial virulence factors, the cytotoxin-associated gene A (CagA) is one of the most
potent determinants of clinical outcome. CagA is delivered into gastric epithelial cells
through the type IV secretion system and undergoes tyrosine phosphorylation at spe-
cific motifs, enabling it to dysregulate multiple intracellular signaling pathways linked
to inflammation, cell adhesion, polarity, and oncogenesis [13-19]. The polymorphic



C-terminal region of CagA, which contains repeating EPIYA (Glu—Pro-Ile-Tyr—Ala)
motifs, plays a central role in modulating these interactions. Based on the amino acid
sequences flanking the phosphorylation sites, EPIYA motifs are categorized into seg-
ments A, B, C, and D, which define the functional activity and geographic distribution
of CagA variants [20-25]. A key distinction between H. pylori populations lies in the
divergence of CagA structural types: Western-type strains typically harbor EPTYA-A
and EPIYA-B motifs followed by one or more EPIYA-C segments, whereas East Asian
strains contain the more oncogenic EPIYA-D motif [20, 24]. The number of EPIYA-C
repeats is of particular interest, as an increased copy number has been associated with
enhanced phosphorylation capacity, stronger binding to SHP2, and greater interfer-
ence with host signaling networks [19, 24]. Multiple studies across diverse populations
have linked EPIYA-C expansion to more severe gastric inflammation, precancerous
lesions, and elevated gastric cancer risk [23-26]. Consequently, CagA EPIYA poly-
morphisms are increasingly recognized as informative molecular markers of H. pylori
virulence and potential predictors of clinical outcomes. Human migration patterns
shape the distribution of CagA variants, host genetic background, and long-term
host—pathogen coevolution [12, 27, 28]. Significant geographic variability has been doc-
umented, with notable differences even between neighboring regions. However, Central
Asia—including Uzbekistan—remains underrepresented in global H. pylori molecular
epidemiology. Existing studies from Uzbekistan have largely focused on prevalence esti-
mates and clinical associations, providing limited insight into the virulence genotypes
circulating in the population. Given the high regional prevalence of H. pylori infection,
the increasing burden of gastric cancer, and the unique genetic admixture of Central
Asian populations, defining the landscape of CagA structural polymorphisms is both
timely and clinically relevant. Furthermore, the integration of molecular virulence pro-
filing into clinical practice is gaining momentum, with recent advances in genomics
and artificial intelligence offering new tools for early risk stratification and targeted
disease management [29-32]. Establishing region-specific data on CagA EPIYA pat-
terns may assist in developing precision-based approaches for H. pylori—associated
disease prevention, particularly in settings where endoscopic screening resources are
limited. Against this background, the present study aimed to characterize the preva-
lence of CagA-positive H. pylori strains, determine the distribution of CagA EPIYA
motif polymorphisms, and evaluate their association with histologically defined gas-
tric disease severity in an Uzbek cohort. By addressing existing knowledge gaps, this
work contributes to a broader understanding of H. pylori virulence diversity in Central
Asia and its potential clinical implications.

2 Aim of the study:

This study aimed to determine the prevalence of cagA-positive H. pylori strains,
characterize CagA EPIYA motif polymorphisms, and evaluate their association with
histologically defined gastric disease severity in an Uzbek cohort.



3 Materials and Methods
3.1 Study design and participants

This cross-sectional study included 120 individuals recruited from gastroenterology
and oncology departments of specialized clinical centers in Tashkent, Uzbekistan. The
study population consisted of 100 patients with confirmed gastric pathology and 20
healthy controls without clinical, endoscopic, or histological evidence of gastric disease.
All participants were > 18 years old. Inclusion criteria:

- age > 18 years;

- no prior H. pylori eradication therapys;

- no antibiotics, proton-pump inhibitors, or bismuth compounds within the
previous 4 weeks;

- availability of gastric biopsy samples.

Exclusion criteria:

previous gastric surgery;

autoimmune gastritis;

active gastrointestinal bleeding;

severe comorbidities (cirrhosis, renal failure, immunodeficiency);

pregnancy or lactation.

All patients underwent diagnostic upper gastrointestinal endoscopy, during which
biopsy samples were collected for histological evaluation and molecular testing.

3.2 Histopathological assessment.

Gastric biopsy specimens were obtained according to the Updated Sydney System
(two antral, two corpus, and one incisural sample). Tissues were fixed in 10% buffered
formalin, embedded in paraffin, and stained with hematoxylin—eosin. When necessary,
Giemsa staining was used to aid in the detection of H. pylori. Patients were classified
into three groups:

1.Chronic non-atrophic gastritis (CNAG)

2.Chronic atrophic gastritis (CAG)

3.Gastric cancer (GC), confirmed by histopathology Histological grading was
performed by two independent pathologists blinded to molecular results.

3.3 DNA extraction.

Total genomic DNA was isolated from gastric biopsy tissue using the QIAamp Pow-
erFecal Pro DNA Kit (Qiagen, Germany) following the manufacturer’s protocol. DNA
concentration and purity were measured using a BioSpec-nano spectrophotometer
(Shimadzu Biotech, Japan) at 230, 260, and 280 nm. Only samples with A260/A280
ratios between 1.8-2.0 were included in downstream analyses.

3.4 PCR detection of H. pylori.

The presence of H. pylori was determined by amplification of the ureC (glmM) gene,
a conserved molecular marker.



Primers (validated in previous studies):

- ureC-F: 5-AAGCTTTTAGGGGTGTTAGGGGTTT-3’

- ureC-R: 5-AAGCTTACTTTCTAACACTAACGC-3’

PCR reaction mixture (25 pL):

- 12.5 pLL GenePak PCR Core Mix (Izogen Laboratory LLC, Russia)

- 1 pL forward primer (10 pmol)

- 1 pL reverse primer (10 pmol)

- 2 uLL DNA template

- 8.5 pL nuclease-free water

PCR cycling conditions:

- initial denaturation: 95°C, 5 min

- 35 cycles of denaturation: 95°C, 30 s, annealing: 55°C, 30 s, extension: 72°C, 40
s, final extension: 72°C, 5 min.

Amplicons were visualized on 1.5% agarose gel. Samples positive for the expected
ureC band were considered H. pylori-positive.

3.5 PCR detection of the cagA gene.

Samples positive for ureC were further tested for the presence of the cagA gene.
Primers:
- cagA-F: 5-GATAACAGGCAAGCTTTTGAGG-3’
- cagA-R: 5-CTGCAAAAGATTGTTTGGCAGA-3’
PCR was performed under similar reaction conditions, with annealing at 58°C.
The expected amplicon (~349 bp) confirmed cagA positivity.

3.6 Genotyping of CagA EPIYA motifs

EPIYA motif polymorphisms were identified based on fragment size analysis of PCR-
amplified C-terminal variable regions of cagA.

Primers (widely used for EPTYA-typing):

- EPIYA-F: 5-ACCCTAGTCGGTAATGGG-3’

- EPIYA-R: 5-GCTTTAGCTTCTGAYACYGC-3’

Interpretation of fragment sizes:

- AB-type: ~ 400 bp

- ABC-type: ~ 500 bp

- ABCC-type: ~ 600 bp

- ABCCC-type: ~ 700-800 bp

- > 900 bp: expanded EPIYA-C repeats

Fragment sizes were compared with a 100-1000 bp marker (Daihan Scientific,
Korea). All PCRs were performed in duplicate. Positive control DNA (strain H. pylori
26695) and a no-template control were included in every run.

3.7 Gel electrophoresis.

PCR products were separated using 1.5% agarose gel in 0.5x TBE buffer at 120 V
for 35-45 min and visualized under UV illumination using a WiseDoc imaging system
(Daihan Scientific, Korea).



3.8 Statistical analysis.

Data were analyzed using SPSS version 28.0 and R software (version 4.3.1). Analyses
performed: - 22 tests for categorical variables - Odds ratios (OR) and relative risks
(RR) with 95% confidence intervals - Multiple logistic regression, adjusting for age,
sex, smoking status, H. pylori infection status, cagA positivity, number of EPIYA-C
repeats, ROC analysis to evaluate the discriminatory ability of EPTYA motif patterns,
AUC with 95% CI, optimal cut-off determined by Youden index.

3.9 Statistical significance.

p < 0.05 was considered statistically significant. For multiple comparisons, the
Benjamini-Hochberg FDR correction was applied.

3.10 Ethical considerations.

The study was approved by the local Ethics Committee of the Republican Specialized
Scientific and Practical Center for Therapy and Medical Rehabilitation, Tashkent.
Written informed consent was obtained from all participants in accordance with the
Declaration of Helsinki.

4 Results

Prevalence of H. pylori infection. Among the 120 participants, H. pylori DNA (ureC)
was detected in 95 individuals, corresponding to an overall infection rate of 79.1%.
Prevalence was significantly higher among patients with gastric pathology (88.0%;
88/100) compared with healthy controls (55.0%; 11/20) (22 = 8.40, p = 0.001).

Table 1 Prevalence of H. pylori infection across clinical groups

H. pylori | H. pylori Relative
s e . . Odds
Clinical positive negative 5 p- Risk .
T Ratio

group n n value | (95% (95% CI)

(%) (%) CI °
CNAG (n = 44) 36 (81.8) 8 (18.2) 5.07 | 0.012 1.60 (1.00-2.70) | 3.60 (1.10-12.00)
CAG (n = 36) 33 (91.6) | 5 (8.4) 6.60 | 0.004 | 2.00 (1.00-4.30) | 4.90 (1.30-19.40)
GC (n = 20) 17 (85.0) 3 (15.0) 4.30 | 0.010 | 2.40 (0.87-6.70) | 4.40 (1.00—24.40)
All patients (n = 100) | 88 (88.0) | 12 (12.0) | 8.40 | 0.001 | 1.30 (1.00-1.80) | 4.20 (1.40-12.10)
Controls (n = 20) 11 (55.0) 9 (45.0) - - Reference Reference

Abbreviations: CNAG, chronic non-atrophic gastritis; CAG, chronic

RR, relative risk; OR, odds ratio; CI, confidence interval.

Note:

atrophic gastritis; GC, gastric cancer;

H. pylori infection was defined by PCR detection of the ureC gene.

When stratified by clinical diagnosis, H. pylori positivity was observed in 81.8%
of patients with chronic non-atrophic gastritis (CNAG), 91.6% with chronic atrophic
gastritis (CAG), and 85.0% with gastric cancer (GC). Infection was associated with a




Table 2 Distribution of cagA-positive strains among H. pylori-infected individuals

Clinical cagA+ cagA— 2 p- R.elatlve Odd's

T Risk Ratio
group n (%) n (%) value (95% CI) (95% CI)
CNAG (n = 36) 26 (72.2) | 10 (27.8) | 4.60 | 0.015 | 1.40 (1.00-2.20) | 4.40 (1.00-20.00)
CAG (n = 33) 26 (78.8) | 7 (21.2) | 6.80 | 0.004 | 1.70 (1.00-2.90) | 6.10 (1.40-30.60)
GC (n = 19) 14 (73.7) | 5 (26.3) | 4.00 | 0.020 | 1.80 (1.00-3.80) | 4.60 (1.00-25.80)
All patients (n = 88) | 66 (75.0) | 22 (25.0) | 6.00 | 0.007 1.20 (1.00-1.50) | 4.60 (1.20-19.30)
Controls (n = 11) 4 (36.4) 7 (63.6) — - Reference Reference

Abbreviations:CNAG, chronic non-atrophic gastritis; CAG, chronic atrophic gastritis;

GC, gastric cancer;

RR, relative risk; OR, odds ratio; CI, confidence interval.

Note: Analysis was performed in ureC-positive samples.

significantly increased likelihood of gastric disease (OR = 4.20; 95% CI: 1.40-12.10).
Table 1 summarizes the distribution of H. pylori infection across clinical groups.
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Fig. 1 PCR-based detection of CagA EPIYA motif polymorphisms in H. pylori—positive clinical
isolates.

Horizontal agarose gel schematic illustrating the diversity of CagA EPIYA motif
patterns detected among H. pylori—infected patients. The leftmost lane represents a
molecular weight marker (100-1000 bp). Sample lanes display characteristic fragment
sizes corresponding to the CagA variable region, including the CagA amplicon range
(approximately 250-350 bp), AB-type fragments (~400 bp), ABC-type fragments
(~500 bp), ABCC-type fragments (~600 bp), extended repeat variants (~700-800
bp), and high-molecular-weight fragments (>1000 bp). The banding patterns
represent the distribution of EPIYA-A/B/C repeat architecture in clinical isolates.

Distribution of cagA-positive strains. Among ureC-positive samples (n = 95), 66
(69.5%) carried the cagA gene. The prevalence of cagA positivity was substantially
higher among patients (75.0%) than among controls (36.4%) (22 = 6.00, p = 0.007).
Across diagnostic categories, cagA was detected in 72.2% of CNAG cases, 78.8% of



Table 3 Distribution of CagA EPIYA motif patterns across clinical groups

Clinical A/B- AB ABC ABCC | ABCcc | =790 bp
group only variants
CNAG (n = 20) 1(20.0%) | 6 (30.0%) | 3 (150%) | 3 (15.0%) | 3 (15.0%) | 1 (5.0%)
CAG (n =30 5 (16.1%) | 6 (19.3%) | 9(29.0%) | 5 (161%) | 3 (9.7%) | 3 (9.7%)
GC (n = 18) 2 (11.1%) | 3 (16.7%) | 5 (27.8%) | 3 (16.7%) | 1 (5.6%) | 4 (20.2%)
ATl patients (n = 69) | 11 (15.0%) | 15 (21.7%) | 17 (24.6%) | 11 (15.0%) | 7 (10.1%) | 8 (11.6%)
Controls (n = 6) 2 (33.3%) 2 (33.3%) 1 (16.7%) 0 1(16.7%) | 0

Abbreviations:CNAG, chronic non-atrophic gastritis; CAG, chronic atrophic gastritis; GC, gastric cancer.

M 1 14 11 12 +C +C

2 34 5 6 7 8 9

10 13

500bp

100bp

H.pylori CagA gene EPIYA
AB-400bp:ABC-500bp; ABCC-600bp; ABCCC-700bp.

Fig. 2 CagA EPIYA motif profiles in H. pylori strains isolated from healthy control individuals.
Idealized agarose gel schematic showing representative EPIYA motif fragment
patterns detected in control samples. The molecular weight marker appears in the
first lane. The remaining lanes depict characteristic amplification products
corresponding to AB (~400 bp), ABC (~500 bp), ABCC (~600 bp), ABCCC (~700
bp), ABCCCC (~800 bp), and CagA-range fragments (250-350 bp). The diversity of
banding patterns reflects the presence of Western-type CagA variants among control
isolates, including strains with single or multiple EPIYA-C repeats.

CAG cases, and 73.7% of GC cases. cagA-positive individuals exhibited markedly
increased odds of gastric disease (OR = 4.60; 95% CI: 1.20-19.30). The distribution
of cagA positivity is presented in Table 2.

CagA EPIYA motif polymorphisms. Among the 69 cagA-positive isolates, Western-
type EPIYA motif architectures predominated. The distribution of genotypes was
as follows: AB (21.7%), ABC (24.6%), ABCC (15.9%), ABCCC (10.1%), A/B-only
variants (15.9%), and extended > 700 bp variants (11.6%). More complex patterns
containing two or more EPIYA-C segments (ABCC, ABCCC) were notably more
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Fig. 3 CagA EPIYA motif distribution in patients with chronic gastritis.

Schematic representation of PCR-amplified CagA EPIYA motifs in samples from
individuals diagnosed with chronic gastritis. The leftmost lane shows a molecular
weight marker. Sample lanes illustrate the presence of CagA-range fragments
(249-350 bp), AB (~400 bp) and ABCC (~600 bp) motif types, as well as
high-molecular-weight bands (>1000 bp) characteristic of expanded EPIYA-C repeat
structures. The banding patterns depict the increased frequency of complex CagA
architectures, including multi-repeat variants, among patients with chronic gastritis.

frequent in patients with CAG and GC compared with those with CNAG or healthy
controls.

A schematic representation of PCR amplicon profiles is shown in Figure 1, illustrat-
ing the range of fragment sizes corresponding to different EPIYA motif combinations.
Table 3 presents the distribution of motif patterns across clinical groups.

Association of EPIYA-C repeats with disease severity. Presence of at least one
EPIYA-C segment was significantly associated with gastric disease (z? = 8.90, p <
0.0001). Risk increased with the number of EPTYA-C repeats: - 1 repeat (ABC): OR
= 2.10 (95% CI: 1.10-4.30) - 2 repeats (ABCC): OR = 3.70 (95% CI: 1.50-9.10) -
> 3 repeats (ABCCC or higher): OR = 5.40 (95% CI: 1.80-17.00) A dose-response
pattern was evident. Diagnostic performance of EPIYA motif profiling. Diagnostic
performance of EPIYA motif profiling. ROC analysis evaluating the discriminative



ability of EPTYA motif signatures for identifying gastric disease demonstrated an AUC
of 0.786 (95% CI: 0.692-0.866). The optimal cutoff determined by the Youden index
was the presence of >1 EPIYA-C repeat, corresponding to a sensitivity of 74.3% and
specificity of 71.2%. While insufficient as a standalone diagnostic test, EPIYA profiling
showed moderate discriminatory performance.

5 Discussion

The present study provides new data on the molecular epidemiology of H. pylori in
Uzbekistan and highlights The present study provides the first detailed characteri-
zation of Helicobacter pylori CagA EPIYA motif polymorphisms in Uzbekistan and
demonstrates a clear association between structural variation within the CagA pro-
tein and gastric disease severity. Three principal findings emerged. First, H. pylori
infection was highly prevalent among patients with gastric pathology, consistent with
the established role of this organism in chronic inflammation and gastric carcinogen-
esis [1-4, 13, 14, 18, 22]. Second, cagA-positive strains were common among infected
patients, supporting the view that CagA is a major determinant of pathogenicity
and is frequently associated with more severe gastroduodenal outcomes [25, 33-37].
Third, Western-type CagA architectures containing EPIYA-C segments—particularly
expanded configurations with multiple EPIYA-C repeats—were significantly enriched
in more advanced gastric lesions. The EPIYA region represents a critical functional
domain of CagA, and polymorphisms within this segment can substantially alter inter-
actions with host signaling pathways [10, 22, 23]. In our cohort, motifs containing
EPIYA-C repeats were more common among patients than controls, and the pres-
ence of multiple EPIYA-C segments strongly correlated with chronic atrophic gastritis
and gastric cancer. This pattern is consistent with evidence indicating that expansion
of EPIYA-C repeats enhances CagA phosphorylation efficiency and increases SHP2
binding, thereby amplifying oncogenic signaling cascades [14, 15, 21]. Such mecha-
nisms contribute to epithelial disorganization, persistent inflammation, and eventual
neoplastic transformation [8, 10, 12]. The association observed here between multiple
EPIYA-C segments and disease severity aligns closely with data reported from other
regions, including East Asia, the Middle East, and North Africa [22, 25]. The predom-
inance of AB, ABC, ABCC, and ABCCC motifs indicates that Western-type CagA
structure is the major circulating form in Uzbekistan. This finding is in accordance
with broader phylogeographic trends showing that Western-type H. pylori lineages pre-
dominate across Central and Western Eurasia [11, 15, 16, 22]. However, because our
analysis focused solely on EPTYA motif architecture rather than full-genome or mul-
tilocus sequence typing, we cannot assign strains definitively to population lineages.
From a clinical perspective, our findings suggest that CagA EPIYA motif profiling
may provide valuable information beyond simple detection of H. pylori. Identification
of strains carrying multiple EPTYA-C repeats may help recognize individuals infected
with more virulent isolates and at elevated risk of severe gastric pathology [18, 19, 25].
The moderate discriminatory performance observed in ROC analysis further supports
the potential role of EPIYA-based genotyping as an adjunctive molecular marker
within broader risk-stratification frameworks rather than as a stand-alone diagnostic

10



tool [38-41]. This study also contributes important region-specific evidence from Cen-
tral Asia, where detailed molecular epidemiology of H. pylori is limited. The scarcity
of data from Uzbekistan has constrained understanding of local bacterial virulence
patterns and their contribution to gastric disease burden. By defining CagA EPIYA
motif diversity in this population, the present work helps fill a key knowledge gap
and provides a foundation for future comparative studies across neighboring coun-
tries [42]. Several limitations must be acknowledged. The sample size—particularly
in the gastric cancer subgroup—was relatively modest, which may limit the precision
of effect estimates. The cross-sectional design precludes assessment of causal relation-
ships or temporal progression from gastritis to malignancy. In addition, this study
focused primarily on cagA and its EPIYA motif polymorphisms; other important
virulence factors, such as vacA, babA, and oipA, which can interact synergistically
with CagA, were not evaluated [18-20]. Host genetic susceptibility, environmental
exposures, and microbiome influences were also not assessed, although each may
contribute to disease heterogeneity [5, 6]. Finally, classification of strains as Western-
type relied on EPIYA architecture rather than whole-genome or phylogenomic data.
Despite these limitations, our findings clearly indicate that structural polymorphisms
in the CagA protein—especially expansion of EPTYA-C repeats—are strongly associ-
ated with more advanced gastric disease in this Uzbek cohort. These results support
the broader concept that molecular virulence profiling can enhance understanding of
H. pylori—associated disease risk and highlight the importance of larger multicenter
studies integrating bacterial, host, and environmental determinants to refine gastric
cancer risk prediction in the region.

6 Conclusion

CagA-positive H. pylori strains are highly prevalent in Uzbekistan, and polymorphisms
involving multiple EPIYA-C repeats are strongly associated with advanced gastric
pathology, including chronic atrophic gastritis and gastric cancer. These results high-
light the potential value of EPIYA motif profiling as an adjunct risk-stratification
tool in populations with a high burden of H. pylori infection. Integrating molecular
virulence characterization into clinical algorithms may improve early identification of
individuals at elevated risk of gastric cancer, particularly in resource-limited settings.

7 Limitations

This study has several limitations. First, the overall sample size—particularly within
the gastric cancer subgroup—was modest, which may have reduced statistical power
and affected the precision of effect estimates. Second, the cross-sectional design pre-
cludes assessment of temporal disease progression and does not allow causal inference.
Third, the molecular analysis was restricted to cagA and its EPIYA motif polymor-
phisms; other key H. pylori virulence determinants, such as vacA, babA, or oipA,
were not evaluated and may modify clinical outcomes. Fourth, host-related and
environmental contributors—including genetic susceptibility, dietary patterns, smok-
ing, medication exposure, and socioeconomic conditions—were not incorporated into
the analysis. Finally, classification of strains as Western-type was based solely on
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EPIYA motif architecture rather than on whole-genome sequencing or phylogenetic
characterization, which may underestimate the true diversity of circulating lineages.

8 Highlights

- H. pylori infection was significantly more common in patients with gastric pathology
than in healthy controls in this Uzbek cohort. - cagA-positive strains predominated
among infected patients and were associated with more severe gastric lesions. -
Western-type CagA EPTYA motifs (AB, ABC, ABCC, ABCCC) represented the dom-
inant structural patterns. - Multiple EPTYA-C repeats were strongly associated with
chronic atrophic gastritis and gastric cancer. - CagA EPIYA motif profiling shows
promise as a molecular marker for detecting high-risk H. pylori strains.

9 Future work

Future research should expand the molecular epidemiological framework for H. pylori
in Central Asia by incorporating larger, multicenter cohorts and analyzing a broader
panel of virulence genes, including vacA, babA, oipA, and iceA. Integrative approaches
combining bacterial genomics, host genetic markers, epigenetics, microbiome composi-
tion, and environmental exposures are needed to more fully elucidate the mechanisms
driving differential disease progression. Additionally, the application of emerging
technologies—such as omics-based diagnostics, machine learning, and Al-assisted
endoscopic evaluation—may enhance early detection of high-risk infections and refine
risk-stratification algorithms. Longitudinal studies are particularly important to clar-
ify causal pathways linking specific CagA EPIYA variants to the Correa cascade and
gastric carcinogenesis.

10 Practical implications

The findings of this study have several practical implications. Molecular character-
ization of H. pylori virulence factors—particularly cagA status and EPIYA motif
structure—may help identify patients infected with highly pathogenic strains. Detec-
tion of multiple EPTYA-C repeats could support risk stratification in individuals with
chronic gastritis or premalignant gastric lesions, especially in high-prevalence regions
such as Central Asia. Incorporating virulence profiling into clinical and epidemiological
assessments may aid in designing targeted surveillance strategies and guiding individ-
ualized management. Although EPIYA analysis is not yet sufficient as a stand-alone
diagnostic tool, it represents a promising adjunct marker that, with further validation,
could contribute to precision-oriented approaches to gastric cancer prevention.
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