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Abstract – Detection of Helicobacter pylori (H. pylori) has traditionally relied on two main approaches – inva-
sive and noninvasive. The invasive approach involves gastroscopic examination with or without biopsy. When 
biopsy specimens are obtained, they are commonly followed by rapid urease testing (RUT), microbiological 
culture, and polymerase chain reaction (PCR). Noninvasive methods include serological assays, stool antigen 
tests (SAT), and the urea breath test (UBT). However, inherent limitations, methodological inconsistencies, 
and assay cross-reactivities compromise diagnostic validity, rendering many global and country-specific prev-
alence estimates – as well as test-driven treatment decisions – unreliable and in need of critical reassessment.

Therapeutically, the sequential use of single-, dual-, triple-, and quadruple-antibiotic regimens has failed to 
achieve consistent or durable eradication and has been associated with multiple unintended consequences. Col-
lectively, these observations call for a fundamental reconsideration of the microbe-centric diagnostic paradigm 
and test-driven therapeutic strategies currently applied to H. pylori. Such reconsideration should be grounded 
in microbiota science to redefine the ecological role of H. pylori within the gastric ecosystem and to promote 
more balanced, ecology-based management strategies, including lifestyle modification and the rational use of 
herb-based dietary supplements.
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INTRODUCTION

Helicobacter pylori is a constituent of the human gastric microbiota, detected in a substantial pro-
portion of the global population, frequently in the absence of clinical manifestations1. Its presence 
does not inherently indicate pathogenicity2; rather, its significance emerges under conditions of 
perturbation or dysbiosis, reflecting a context-dependent role within the gastric microbial ecosys-
tem2,3. Like other members of the microbiota, H. pylori exhibits a context-dependent dualistic be-
havior, with its biological impact determined by host factors, microbial community structure, and 
environmental influences3,4.

Clinical outcomes historically attributed to H. pylori are increasingly understood as consequenc-
es of altered host–microbiota–environment interactions rather than the effect of a single organ-
ism3,5. Under conditions of ecological imbalance or dysbiosis, shifts in microbial composition, host 
response, and environmental influences may contribute to a range of gastrointestinal disturbanc-
es, including gastritis, peptic ulceration, and, in specific contexts, neoplastic progression5,6. This 
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perspective challenges reductionist, microbe-centered, test-driven interpretations and supports a 
context-level understanding of disease emergence3,7.

Adding to this complexity, H. pylori demonstrates considerable genetic plasticity, driven by mutation 
and recombination, which facilitates continuous variation within the gastric environment8,9. Such vari-
ability influences its distribution, interaction with other microbial constituents, and functional expression, 
thereby limiting the interpretive value of detection strategies that rely solely on its identification8,10.

Within this framework, the purpose of detection extends beyond confirming the presence of 
H. pylori to evaluating its relevance within a dynamic microbial and host context, yet conventional 
diagnostic approaches, largely based on presence–absence paradigms10, may therefore fail to 
capture context-dependent microbial states or anticipate shifts in host–microbiota equilibrium3,4. 

Accordingly, this article critically re-examines current H. pylori detection methods through an 
ecological and integrative lens, highlighting their limitations and proposing a shift toward con-
text-aware diagnostic interpretations that better reflect microbial dynamics and host–microbiota–
environment equilibrium3,4.

SOURCE SELECTION AND REVIEW APPROACH

This narrative review was based on a focused, interpretive assessment of the published literature 
on H. pylori detection, microbiota science, and gastric ecological homeostasis. Peer-reviewed arti-
cles were identified through searches of major biomedical databases, including PubMed and Goo-
gle Scholar, using combinations of keywords related to H. pylori, diagnostic methods, microbiota, 
dysbiosis, and ecological approaches to disease management. Priority was given to studies that 
were recognized as scientifically relevant, methodologically clear, and conceptually contributive. 
Additional references were identified through manual screening of reference lists and the author’s 
clinical and research expertise. No formal systematic inclusion or exclusion criteria were applied, 
consistent with the narrative review format.

GERM THEORY AND HELICOBACTER PYLORI: 
CONCEPTUAL FOUNDATIONS AND LIMITATIONS

Historically, under the classical germ theory paradigm, disease has been interpreted through a mi-
crobe-centric lens; accordingly, H. pylori was considered the primary causative agent of multiple gastric 
disorders, including dyspepsia, chronic gastritis, peptic and duodenal ulcer disease, gastric adenocar-
cinoma, and mucosa-associated lymphoid tissue (MALT) lymphoma11,12. In addition, H. pylori coloniza-
tion has been associated with several extra-gastric conditions such as iron-deficiency anemia, immune 
thrombocytopenic purpura, gastro-esophageal reflux disease (GERD), inflammatory bowel disease 
(IBD), celiac disease, and, less consistently, colorectal adenomas13-17. This reductionist view, however, 
largely overlooks the presence of trillions of other microbial inhabitants of the stomach, including bac-
teria, viruses, fungi, and archaea, that coexist in complex, dynamic communities whose collective or 
individual roles remain incompletely characterized18-22. Moreover, non-microbial determinants such as 
host metabolism, immune status, psychological stress, dietary habits, medication exposure, and envi-
ronmental exposures substantially influence gastric physiology and disease susceptibility23.

With the discovery of the human microbiota, and the recognition that many healthy individuals 
harbor diverse microbial populations without overt pathology, mere microbial presence or coloni-
zation can no longer be equated with disease24-26. Accordingly, H. pylori – traditionally labeled as 
pathogens – are increasingly viewed as indigenous members, commensal or opportunistic, of the 
gastric microbial ecosystem, and their colonization is not inherently pathogenic but is context-de-
pendent. The clinical outcomes are shaped by microbial community features and interactions, host 
factors, and environmental influences2,27.

Current Approaches to H. pylori Detection: A Test-Driven Paradigm 

Current diagnostic approaches to H. pylori-associated conditions remain largely microbe-centric 
and test-driven rather than context-driven. These approaches often fail to distinguish between colo-
nization, infection (a special and context-dependent form of colonization), and clinical disease3,28-31. 
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Limitations of Clinical Manifestations in the Detection of H. pylori

Common gastrointestinal symptoms – such as bloating, nausea, anorexia, belching, vomiting, and 
burning epigastric pain– are nonspecific and specifically unrelated to microbial colonization, occur-
ring across a wide spectrum of gastric and systemic disorders32.

“Gold Standard” vs. “Reliable Standard” in H. pylori Detection

In accordance with Marshall and Warren11, histopathological detection of H. pylori represented 
the first novel reference standard11,25. Subsequently, each newly developed detection method was 
labeled a “gold standard” based on comparison with preceding techniques, rather than with an 
objectively reliable or ideal standard26.

In this context, a gold standard test refers to the best available reference comparator at a given 
time, typically functioning as a substitute for a preceding reference method used to evaluate or val-
idate other detection methods, regardless of its inherent reliability26. In contrast, a reliable standard 
test represents an ideal, universally trustworthy diagnostic tool, characterized by high sensitivity, 
specificity, accuracy, reproducibility, simplicity, rapidity, cost-effectiveness, context independence, 
and clinical relevance26,27. 

Accordingly, no single, fully reliable, or ideal test for H. pylori detection currently exists. Each 
commonly used diagnostic modality – such as UBT, SAT, serological assays, histopathological 
findings, RUT, culture, and PCR – offers a combination of advantages and limitations which are 
summarized below26,27.

Widely adopted strategies such as “test-and-treat,” “screen-and-treat,” and “test-treat-and-test” 
are fundamentally grounded in a microbe-centric, eradication-oriented paradigm rather than in 
pathophysiological relevance32-35. These approaches conflate microbial detectability with disease 
causation, often leading to unnecessary antimicrobial exposure. Routine screening for H. pylori in 
asymptomatic individuals lacks biological justification and confers no clinical benefit. Moreover, in 
symptomatic patients, indiscriminate testing offers limited diagnostic value given the nonspecific 
nature of gastrointestinal symptoms and the weak, inconsistent association between H. pylori de-
tection and clinical outcomes32-35.

Limitations of Endoscopy-Based Detection of H. pylori 

Esophagogastroduodenoscopy (EGD) with gastric biopsy, although conventionally regarded as the in-
vasive gold standard for H. pylori detection, is more appropriately viewed as an initial invasive assess-
ment method11. It is susceptible to both false-negative and false-positive results. False positives may 
arise when nonspecific inflammatory or epithelial changes are misattributed to H. pylori without direct 
visualization of the organism36. False negatives arise primarily from sampling error, uneven or patchy 
colonization, and prior exposure to antibiotics, proton pump inhibitors, or bismuth compounds37,38.

Histopathological evaluation – typically based on Giemsa and hematoxylin-eosin-stained sec-
tions – assesses mucosal features such as erythema, erosions, and peptic or duodenal ulcers, 
but these findings are not microbe-specific36. Rather, they reflect nonspecific host tissue respons-
es and cannot reliably distinguish H. pylori-associated pathology from lesions caused by other 
factors36. Similar histopathological findings may result from chemical injury, mechanical stress, 
autoimmune gastritis, ischemia, NSAID-induced damage, bile reflux, or colonization by multiple 
bacterial or fungal species36. Consequently, histopathological assessment is invasive, insensitive, 
nonspecific, poorly reproducible, resource-intensive, and technically demanding, limiting its reli-
ability as a definitive diagnostic reference for H. pylori37.

Limitations of Culture-Based Detection of H. pylori 

Culture of H. pylori performed after EGD is invasive, slow, costly, and technically demanding, with 
limited clinical relevance. It is insensitive and poorly reproducible, with frequent false negatives 
due to low bacterial density, patchy gastric distribution, prior antibiotic or acid-suppressive therapy, 
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competing microbiota, and VBNC coccoid forms. Specificity is also compromised by potential con-
tamination or misidentification of non-pylori Helicobacter species, particularly from extra-gastric 
sources. While valuable for research and targeted antibiotic susceptibility testing after eradication 
failure, culture is unreliable for routine H. pylori detection39, 40.

Limitations of Molecular Detection of H. pylori

PCR-based detection of H. pylori from endoscopic biopsy specimens targets virulence genes, 
antibiotic resistance determinants, conserved loci (urease operon, 16S/23S rRNA, hsp60), or spe-
cific resistance mutations. In a highly diverse, panmictic organism, reliance on predefined targets 
is intrinsically limiting. PCR is costly, technically complex, and detects DNA rather than biological 
activity, failing to distinguish viable organisms from residual genetic material. False negatives may 
result from low bacterial density, VBNC states, inhibitors, or absent targets, while false positives 
can arise from conserved sequences shared with non-pylori Helicobacter species or homologous 
human DNA41-45.

Genes traditionally labeled as virulence factors – cagA, vacA, babA, and oipA – are better un-
derstood as context-dependent determinants of microbial fitness and ecological adaptation. Their 
presence does not necessarily predict disease, nor does their absence imply benign behavior; 
pathogenic potential depends on the complex interplay between microbial genetic architecture, 
host susceptibility, immune responses, and environmental context46,47.

Limitations of Immunology-Based Assays for H. pylori Detection

Immunological assays for H. pylori, including serological tests and stool antigen tests (SAT), rely 
on antigen–antibody interactions and on fixed, strain-dependent antigens, often derived from geo-
graphically restricted reference strains, which limits their universal applicability20,48.

SEROLOGICAL ASSAYS

Serological tests predominantly detect IgG antibodies, as IgM responses are transient and gener-
ally uninformative in the context of long-term colonization. Host antibody profiles are highly con-
text-dependent, shaped by microbial factors (strain diversity, bacterial load, and adaptive traits), 
host factors (genetic background, immune status, metabolism, and resident gastric microbiota), 
and environmental influences (gastric terrain, stressors, toxins, and nutrition). Multiple formats 
exist, including ELISA, immunochromatographic rapid tests, and immunoblotting49-53. Immunoblot 
analyses reveal heterogeneous antibody patterns directed against multiple H. pylori antigens, in-
cluding surface and secreted components such as lipopolysaccharide (LPS), CagA, urease sub-
units, heat-shock proteins, catalase, and other enzymes54.

Despite simplicity, low cost, rapidity, reproducibility, and high analytical sensitivity, serological 
assays are clinically nonspecific and inaccurate. IgG antibodies persist long after microbial sup-
pression and cannot distinguish past exposure from active colonization, benign colonization from 
pathogenic activity, or colonization from ecosystem disruption. Both false positives and false neg-
atives are common, limiting clinical relevance. Accordingly, the American College of Gastroenter-
ology and the American Gastroenterological Association recommend against the use of serology 
for routine H. pylori detection55,56.

Stool Antigen Tests (SAT; HpSAg)

SAT employs monoclonal or polyclonal antibodies in enzyme immunoassays (ELISA/EIA) or immu-
nochromatographic formats (lateral flow) to detect H. pylori antigens noninvasively57-66. It is widely 
used for primary detection and post-treatment assessment, particularly in children as a noninva-
sive alternative to endoscopic testing64. Performance, however, is context-dependent and affect-
ed by stool consistency, antigen degradation, intermittent antigen shedding, cross-reactivity with 
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non-pylori Helicobacter species or other intestinal microbes, pre-analytical handling, and recent 
use of antibiotics, proton pump inhibitors, or bismuth compounds59. While fecal immunochemical 
(FIT) tubes can standardize sample collection, storage, and transport, detection of stool antigen 
does not equate to a diagnosis of gastritis or peptic ulcer disease67.

Limitations of Urease-Based Tests for H. pylori Detection

Both the urea breath test (UBT; noninvasive) and the rapid urease test (RUT; invasive) detect H. 
pylori indirectly by measuring urease activity rather than the organism itself. While UBT is highly 
sensitive, rapid, and reproducible, and RUT is simple, rapid, and low-cost, both tests are funda-
mentally nonspecific and context-dependent68-73. False positives may arise from urease-producing 
non-pylori microbiota, whereas false negatives occur with low bacterial load, altered gastric pH, 
recent use of proton pump inhibitors, antibiotics, bismuth compounds, or gastrointestinal bleed-
ing74-77. Additionally, RUT false negatives are often due to patchy or uneven colonization, as the bi-
opsy may miss colonized areas. Sensitivity is also influenced by bacterial form (spiral vs. coccoid) 
and interpretative variability76. Similar limitations are observed in post-gastrectomy patients and 
in conditions associated with altered gastric pH. Urease activity reflects a physiological buffering 
mechanism for local pH homeostasis rather than a pathogen-specific virulence trait. Collectively, 
these limitations render urease-based tests unreliable as standalone diagnostic tools, highlighting 
the need for critical reassessment of their clinical role77 (Table 1).

TABLE 1. COMPARATIVE CHARACTERISTICS OF H. PYLORI DETECTION TESTS. 
	

Test	 Principle	 Practicality1	 Invasive	   Cost	  Accuracy2	 Reproducibility

Histological 	 Gastric tissue archite-	 ↓	 yes	 ↑	 ↑Sens / ↓Spec	 ↓
  findings	   cture, inflammation				  
Microscopic	 Bacterial visualization	 ↓	 yes	 ↑	 ↑Sens / ↓Spec	 ↓
  H. pylori 	   in tissue sections 				  
  detection	   (special stains)
Microbial 	 Viable organism	 ↓	 yes	 ↑	 ↓Sens / ↑Spec	 ↓
  culture 					   
PCR3	 Bacterial DNA detection	 ↓	 yes	 ↑	 ↑Sens / Spec‡	 ↓

RUT	 Urease activity	 ↓	 yes	 ↑	 ↑Sens / ↓Spec	 ↓

UBT	 Urease activity	 ↑	 No	 ↔	 ↑Sens / ↓Spec	 ↔

Serological	 Antibody detection	 ↑	 No	 ↓	 ↑Sens / ↓Spec	 ↔
  assays
SAT	 Antigen detection	 ↑ ↑	 No	 ↓	 ↓Sens / ↑Spec	 ↓

1Practicality reflects rapidity, procedural simplicity, patient acceptability, resource requirements, and pre-test 
 restrictions. 
2Accuracy indicates the directional balance of sensitivity and specificity. Spec denotes specificity; Sens denotes 
 sensitivity.
3PCR detects bacterial DNA of viable and nonviable organisms; genetic recombination or target sequence variation 
 may lead to false negatives, even though analytical sensitivity and specificity are high.

Additional Notes on Reproducibility

Gastroscopy-based detection assays – including histopathological examination, microscopic H. 
pylori detection, microbial culture, PCR, and RUT – are of low reproducibility due to biopsy variabil-
ity, patchy gastric colonization, sampling limitations, and operator-dependent interpretation, includ-
ing pathologist expertise.
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Immunology-based H. pylori detection assays, including serological tests (ELISA, immunochro-
matographic rapid tests, lateral flow, and immunoblotting) and SAT, show low reproducibility due 
to inter-individual antibody variability, assay differences, antibody persistence after eradication, 
intermittent antigen shedding, and post-treatment effects.

GLOBAL AND COUNTRY – SPECIFIC H. PYLORI PREVALENCE ESTIMATES: 
A NEED FOR REVISION

H. pylori is widely described as a long-standing human-associated gastric inhabitant and is fre-
quently reported to colonize more than half of the global population78,79. Published prevalence es-
timates vary widely, typically ranging from approximately 35% to over 90% across populations78. 
Crucially, these values do not represent direct measurements of biological colonization but are 
largely determined by the diagnostic tools employed. In the setting of a highly diverse, panmictic 
organism characterized by extensive recombination and antigenic heterogeneity, diagnostic as-
says that focus on restricted antigenic or genetic targets inevitably fail to capture the full spectrum 
of circulating H. pylori. As a result, a substantial proportion of colonized individuals remain unde-
tected, leading to systematic underestimation of true colonization prevalence. Consequently, actual 
H. pylori prevalence is likely higher than declared in both developed and developing regions70,78-82.

Global and country-specific prevalence estimates of H. pylori are fundamentally microbe-cen-
tric and test-driven rather than context-driven constructs and should therefore be interpreted with 
caution. These estimates rely on heterogeneous invasive and noninvasive assays that routinely 
conflate analytical detectability with true biological presence or clinical relevance, converting meth-
odological outputs into epidemiological claims. Epidemiological studies frequently report higher H. 
pylori prevalence in developing regions than in developed ones, attributing this difference to age, 
socioeconomic status, hygiene, overcrowding, sanitation, and water quality80. However, the ma-
jority of colonized individuals remain asymptomatic throughout life, and several regions reporting 
very high prevalence exhibit low incidences of peptic ulcer disease and gastric cancer. Conversely, 
some regions classified as low-prevalence – particularly in Western Europe and North America 
– demonstrate disproportionately higher incidences of peptic ulcer disease and gastric cancer. 
Such apparent geographic differences are therefore more plausibly explained by diagnostic meth-
odology, assay selection, and study design than by genuine biological or epidemiological dispari-
ties. Accordingly, the clinical expression of H. pylori-associated disorders appears to be primarily 
shaped by host and environmental factors rather than by microbial presence alone. Lifestyle and 
contextual factors – including diet, sleep disruption, psychosocial stress, metabolic status, immune 
regulation, and mucosal resilience – modulate gastric physiology and influence whether coloniza-
tion remains silent or progresses to symptomatic disease; thus, microbial detectability in isolation 
is insufficient to explain disease patterns83,84.

Phylogeographic and evolutionary inferences regarding the antiquity and global spread of H. 
pylori are similarly constrained. Such conclusions depend predominantly on molecular detection 
and comparative genomic analyses. 

H. PYLORI AND GASTRIC CANCER: AN EPIDEMIOLOGICAL PARADOX

H. pylori colonization has been consistently associated with an increased risk of gastric adenocar-
cinoma, particularly non-cardia gastric cancer, through epidemiological, meta-analytic, and mech-
anistic studies85-91.

H. pylori colonizes over half of the global population, yet gastric cancer (GC) develops in only 
1-2% of colonized individuals. Relative risk estimates for GC among H. pylori-positive individuals 
are modest (≈1.4-4.2-fold), and geographic patterns are inconsistent: regions with >90% coloniza-
tion, such as India and much of Africa, show low GC incidence, whereas Western Europe and the 
U.S. exhibit lower colonization but higher GC rates92-94.

These observations indicate that colonization alone is insufficient for carcinogenesis. Host ge-
netics, diet, environmental exposures, and microbial co-colonization are critical modulators. H. 
pylori virulence factors do not directly induce mutagenesis, and their presence or absence is not 
determinative of cancer95.
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While implicated in peptic ulcer disease and non-cardia gastric adenocarcinoma, H. pylori may 
protect against GERD, Barrett’s esophagus, esophageal adenocarcinoma, and inflammatory bow-
el disease96-99. Eradication can disrupt the gastric microbiota, sometimes leading to persistent eco-
logical imbalance, whereas inverse associations with pro-inflammatory bacteria suggest regulatory 
roles within the gut ecosystem94-97.

Viewed as an indigenous gastric inhabitant, typically acquired in early childhood, H. pylori may 
confer physiological benefits, including modulation of leptin and ghrelin signaling and protection 
against allergic, autoimmune, and inflammatory disorders97,100-102.

THE FALLACY OF H. PYLORI NEGATIVITY:
BIOLOGICAL ORIGINS OF VARIABLE DIAGNOSTIC OUTCOMES

The human microbiota represents a dynamic ecosystem under continuous adaptive modulation, 
constantly reshaped by diet, stress, medication, host immunity, and environmental pressures. This 
macro-level dynamism implies ongoing compositional and functional fluctuations of microbial com-
munities. In parallel, a micro-level dynamism operates within individual microbial species, enabling 
members to sense and adapt to their immediate microenvironment103.

Pervasive intra-host and inter-strain diversification in H. pylori arises exclusively from pre-exist-
ing lineages through extensive homologous recombination, the principal driver of allelic reshuffling, 
alongside horizontal gene transfer and point mutations that further expand genomic diversity. In 
panmictic populations, frequent recombination generates highly mosaic genomes in which an-
tigenic determinants, including surface antigens and traditionally defined virulence factors, may 
differ substantially from those of parental strains. Consequently, a single human host may harbor 
multiple coexisting or newly recombined H. pylori variants that are functionally distinct with respect 
to immune recognition, diagnostic detectability, and epidemiological classification104-109.

Commonly used detection methods – including antibody-based serodiagnostic assays, stool an-
tigen tests (SAT), immunoblotting, and molecular approaches such as polymerase chain reaction 
(PCR) – depend on the recognition of fixed antigenic or genetic targets. However, the marked ge-
nomic and phenotypic diversity generated by continuous recombination and progressive antigenic 
diversification precludes any single antigenic or genetic marker from universally representing all cir-
culating strains. Apparent variability, inaccuracy, or even “negativity” in detection outcomes therefore 
reflects the biological reality of pervasive genetic mixing and antigenic divergence rather than true 
absence, eradication, or methodological failure alone. If H. pylori is regarded as an indigenous gastric 
inhabitant rather than a primary pathogen, routine detection itself becomes biologically questionable. 
Under such a paradigm, diagnostic efforts should shift away from mere microbial presence toward 
evaluation of host-microbiota interactions and the ecological state of the gastric environment. 

CLINICAL MANAGEMENT AND THERAPEUTIC STRATEGIES OF H. PYLORI

Because of the interconnected nature of the human body and the current era of frequent antibiotic 
exposure, the use of antibiotics – whether appropriately or misused – can disrupt the gut microbial 
ecosystem (dysbiosis). This occurs whether antibiotics are administered directly to control H. pylori 
colonization, using broad-spectrum antibiotics in single, dual, triple, or even quadruple regimens, 
or indirectly to treat other conditions. Such practices can also promote the horizontal transfer of 
antibiotic resistance genes among resident gut microbiota, including H. pylori. Consequently, the 
emergence of multidrug-resistant H. pylori strains has become increasingly common, and unfortu-
nately, H. pylori may shift toward a pathogenic behavior110. 

In line with emerging microbiota-based therapeutic strategies, H. pylori should be viewed not solely 
as a pathogen to be eliminated, but rather as a long-standing gastric resident whose biological behav-
ior is strongly influenced by its surrounding ecosystem. Accordingly, therapeutic strategies should shift 
from an eradication-centered approach to one that restores and rehabilitates gastric microbial balance. 

In this context, a patent-submitted herbal formulation composed of anise, cumin, black cumin 
(Nigella sativa), peppermint, caraway, sage, fennel, chamomile, dill, and rosemary has demonstrated 
efficacy in alleviating nonspecific gastrointestinal symptoms commonly misattributed to Helicobacter 
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pylori in clinical practice. When prepared as an infusion by steeping the herbal mixture in boiled water 
for approximately ten minutes, the formulation was associated with symptomatic improvement and 
good tolerability, without clinical evidence of adverse gastrointestinal effects. These observations 
support the concept that targeted microbial rehabilitation, rather than eradication, may represent a 
safer and more sustainable alternative to conventional antibiotic-based strategies.

Possible Mechanisms of Action of the Herbal Formulation

The observed benefits of this multi-herbal formulation may be attributed to the synergistic bioac-
tivities of its constituent plants. Key phytochemicals – including anethole (anise, fennel, and dill), 
carvone and limonene (caraway), rosmarinic acid (rosemary, sage, and peppermint), flavonoids, 
terpenes, and volatile oils (chamomile and cumin), and thymoquinone (black cumin) – exhibit anti-
oxidant, anti-inflammatory, cytoprotective, mucosal-protective, and immunomodulatory properties, 
with reported antimicrobial and anticancer activities111-114. Chamomile exhibits solely antioxidant, 
antibacterial, antifungal, anticancer, antidiabetic, antiparasitic, anti-inflammatory, antidepressant, 
antipyretic, anti-allergic, and analgesic activities115.

BARLEY PORRIDGE (AT-TALBINA): A NUTRIENT-DENSE FUNCTIONAL FOOD

At-Talbina is a traditional barley-based food prepared from whole-grain barley flour cooked with 
milk and sometimes sweetened with honey. In Muslim culture, it has been described as alleviating 
sadness, soothing the heart, and easing gastric discomfort, a description biologically compatible 
with current insights into gut-brain interactions, dietary fiber biology, and microbiota-mediated met-
abolic and neuroimmune pathways116-118.

Barley is rich in dietary fiber – particularly β-glucan – and contains bioactive compounds with 
anti-inflammatory and antioxidant properties, while milk contributes high-quality proteins, minerals, 
and vitamins. Barley also provides tryptophan, a precursor of serotonin, offering a plausible biolog-
ical basis for its traditional association with emotional comfort and mood regulation119,120.

Β-Glucan functions as a soluble prebiotic fiber that enhances gut microbial fermentation and 
short-chain fatty acid production, supporting intestinal barrier integrity and immune modulation. 
Regular β-glucan intake is associated with improved glycemic control, cholesterol reduction, en-
hanced satiety, reduced cardiovascular risk, and potential protection against gastrointestinal malig-
nancies121-125. Insoluble fiber fractions further promote bowel regularity and gastrointestinal health.

THE IMPACT OF DAILY LIFESTYLE MODIFICATIONS ON GASTRIC ECOLOGICAL 
HOMEOSTASIS, INCLUDING H. PYLORI

Daily lifestyle modifications influence gastric ecological homeostasis by shaping host physiology, mu-
cosal integrity, immune regulation, and microbial balance, including H. pylori behavior. Balanced dietary 
patterns, appropriate meal timing, adequate hydration, regular moderate physical activity, sufficient 
sleep, and avoidance of harmful external influences modulate gastric acidity, epithelial defense, and 
microbiota stability. Intermittent fasting practices, including Ramadan fasting, have been associated with 
improved metabolic regulation, reduced inflammation, and activation of cellular repair pathways such as 
autophagy, indirectly supporting gastric ecological balance. Moderate physical activity enhances gastro-
intestinal motility, microbial diversity, and immune homeostasis. Adequate sleep (7-9 hours) and circadi-
an alignment are essential for maintaining microbial equilibrium and limiting inflammation, whereas sleep 
disruption is associated with dysbiosis and an increased risk of gastrointestinal disease. Collectively, 
these factors shift clinical focus from microbial presence toward host-ecosystem resilience as the prima-
ry determinant of gastric health. Equally important, rational antibiotic use represents a critical modifiable 
determinant of gastric ecological stability. Unnecessary or inappropriate antibiotic exposure should be 
avoided, and when antibiotics are clinically indicated, they should be prescribed judiciously, at recom-
mended doses and durations, without extension beyond the prescribed course. Limiting antibiotic use 
to clear clinical indications helps preserve microbial diversity, prevent ecological disruption, and reduce 
selective pressures that may alter H. pylori behavior within the gastric ecosystem126,127.
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CONCLUSIONS

The current paradigm concerning Helicobacter pylori remains constrained by assumptions that 
equate detection with pathogenicity and prevalence with disease burden. A critical re-evaluation 
of commonly employed diagnostic modalities, including gastroscopy, histopathology, PCR-based 
methods, microbial culture, rapid urease testing, serological assays, stool antigen testing, and urea 
breath testing reveals important limitations related to practicality, reproducibility, specificity, sensi-
tivity, and contextual interpretation. None of these approaches, in isolation, can reliably distinguish 
colonization from clinically relevant infection.

Furthermore, global prevalence estimates of H. pylori are frequently misinterpreted as direct in-
dicators of disease risk, overlooking well-documented epidemiological paradoxes such as the Afri-
can and Indian enigma, where high colonization rates do not correspond to proportional increases 
in gastric malignancy. These observations underscore that this organism should not be viewed as 
a uniform pathogen, but rather as a context-dependent component of a complex gastric ecosystem 
shaped by host factors, microbial factors, environmental and lifestyle determinants.

Accordingly, management strategies should move beyond indiscriminate eradication toward in-
dividualized, ecologically informed approaches that prioritize restoration and rehabilitation through 
targeted lifestyle and dietary modifications supporting gastric and microbial homeostasis. The 
development of novel, non-antibiotic modalities, including microbiome-modulating formulations, 
represents a promising direction for safer and more sustainable intervention. Collectively, these 
considerations support a necessary shift from detection-driven and eradication-dependent para-
digms toward context-aware, patient-centered, and restorative management of Helicobacter pylori.
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