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INTERRELATIONSHIP BETWEEN MICRONUTRIENT STATUS 
AND GUT MICROBIOTA IN CHILDREN WITH COMMUNITY- 

ACQUIRED PNEUMONIA AND ITS IMPACT ON DISEASE
SEVERITY

Javohir Karimov Ilkhomovichhttps://doi.org/10.5281/zenodo.19491158
Abstract: Community-acquired pneumonia (CAP) remains one of the leading causes of hospitalization and mortality in children worldwide. This review explores the complex bidirectional relationship between micronutrient status (particularly zinc, vitamin D, iron, and vitamin A) and gut microbiota composition in pediatric patients with CAP, and examines how this interplay influences disease severity. The gut-lung axis serves as the central mechanism through which microbial metabolites (especially short-chain fatty acids) and micronutrient- dependent immune pathways modulate pulmonary inflammation, epithelial barrier integrity, and host defense. Micronutrient deficiencies alter microbial diversity, reduce colonization resistance, and promote dysbiosis, while dysbiotic microbiota exacerbates nutrient malabsorption and systemic inflammation, creating a vicious cycle that worsens clinical outcomes such as prolonged hypoxia, elevated inflammatory markers, and increased complication rates. Understanding these interactions opens new avenues for integrated nutritional and microbiota-targeted interventions to reduce severity and improve prognosis in children with CAP. This paper synthesizes current evidence on the molecular and clinical dimensions of this relationship and highlights future directions for precision medicine approaches.
Keywords: Community-acquired pneumonia, gut microbiota, micronutrient status, gut- lung axis, zinc deficiency, vitamin D, dysbiosis, disease severity, pediatric respiratory infections, short-chain fatty acidsThe interrelationship between micronutrient status and gut microbiota in children with community-acquired pneumonia represents a critical nexus in pediatric respiratory pathophysiology, where bidirectional influences profoundly shape host defense mechanisms and ultimately dictate clinical trajectories of disease severity. Community-acquired pneumonia remains a leading cause of morbidity and mortality among children worldwide, particularly in resource-limited settings, with its progression often exacerbated by underlying nutritional imbalances and microbial ecosystem disruptions that impair both systemic immunity and localized pulmonary responses. At the core of this dynamic lies the gut-lung axis, a sophisticated bidirectional communication network mediated through immune signaling, microbial metabolites, and neural pathways, wherein the intestinal microbial community exerts distant regulatory effects on respiratory mucosal integrity while pulmonary inflammation reciprocally perturbs intestinal homeostasis.In healthy pediatric populations, the gut microbiota establishes a resilient ecosystem dominated by beneficial taxa such as Bifidobacterium, Lactobacillus, and various SCFA- producing genera within the Firmicutes and Bacteroidetes phyla, which collectively foster immune maturation from infancy onward. These microbes ferment dietary fibers into short-
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chain fatty acids including acetate, propionate, and butyrate, which circulate systemically to modulate alveolar macrophage function, enhance tight junction protein expression in respiratory epithelia, and calibrate T-helper cell differentiation toward anti-inflammatory profiles. This foundational microbial orchestration primes the innate and adaptive arms of immunity against common respiratory pathogens, including Streptococcus pneumoniae, Haemophilus influenzae, and viral agents like respiratory syncytial virus, thereby limiting initial colonization and curtailing inflammatory cascades that could escalate into severe pneumonia. Disruptions in this equilibrium termed dysbiosis manifest as reduced alpha- diversity, diminished abundances of protective commensals, and overgrowth of opportunistic pathogens such as Escherichia coli or certain Proteobacteria, patterns frequently observed in children hospitalized with community-acquired pneumonia even prior to antibiotic exposure.Micronutrient status intersects with this microbial landscape at multiple molecular and physiological levels, creating a feedback loop that amplifies vulnerability to severe respiratory outcomes. Deficiencies in key micronutrients, notably zinc, vitamin D, iron, and vitamin A, are prevalent in pediatric cohorts affected by pneumonia and directly compromise epithelial barrier function, phagocytic activity, and cytokine regulation. Zinc, for instance, serves as an essential cofactor for over 300 enzymes involved in DNA synthesis and immune signaling; its depletion impairs thymic output of naive T cells, reduces natural killer cell cytotoxicity, and weakens mucosal IgA production, all of which facilitate pathogen invasion in the lower airways. Similarly, vitamin D receptors expressed on immune cells and enterocytes regulate antimicrobial peptide synthesis such as cathelicidin and defensins, while also influencing microbial colonization patterns by modulating intestinal pH and bile acid metabolism. Iron homeostasis, tightly controlled to prevent bacterial siderophore exploitation, becomes dysregulated in deficiency states, leading to anemia of inflammation that further suppresses erythropoiesis and heightens oxidative stress in infected tissues.The interplay between these micronutrient deficits and gut microbiota is not unidirectional but rather a reciprocal modulation that intensifies disease severity through shared pathways. On one hand, micronutrient insufficiency alters microbial community structure by limiting substrate availability for beneficial taxa; zinc deficiency, for example, selectively suppresses growth of SCFA-producers while favoring Proteobacteria expansion, resulting in reduced butyrate levels that compromise histone deacetylase inhibition and subsequent anti-inflammatory gene expression in both gut and lung compartments. Vitamin D inadequacy similarly disrupts microbial diversity by impairing epithelial vitamin D receptor- mediated signaling, which normally promotes colonization resistance against pathogens and maintains microbial metabolite output. On the other hand, dysbiotic microbiota exacerbates micronutrient malabsorption and systemic depletion via mechanisms including impaired intestinal permeability, competitive nutrient sequestration by overgrown pathobionts, and inflammation-driven enterocyte damage that downregulates transporters for zinc, iron, and fat-soluble vitamins. This vicious cycle manifests clinically as heightened pneumonia severity markers prolonged fever duration, increased oxygen requirements, elevated inflammatory biomarkers such as C-reactive protein and procalcitonin, and greater likelihood of complications including pleural effusion, sepsis, or progression to acute respiratory distress syndrome.
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Mechanistically, the gut-lung axis integrates these elements through metabolite-mediated immune reprogramming and direct microbial translocation signals. Short-chain fatty acids produced by a balanced microbiota bind G-protein-coupled receptors on pulmonary dendritic cells and macrophages, suppressing NLRP3 inflammasome activation and nuclear factor-kappa B translocation, thereby attenuating excessive cytokine storms that characterize severe pneumonia. In micronutrient-deficient states, however, the diminished production of these metabolites coincides with elevated lipopolysaccharide leakage from dysbiotic guts, triggering Toll-like receptor 4 signaling that amplifies pulmonary neutrophil influx and tissue damage. Furthermore, microbial-derived indole derivatives and polyamines, whose synthesis depends on adequate tryptophan and polyamine precursors influenced by dietary micronutrients, regulate aryl hydrocarbon receptor pathways critical for regulatory T-cell induction and mucosal tolerance in the lungs. Disruptions here correlate with impaired viral clearance and bacterial superinfection risks, directly linking microbial-nutritional imbalances to radiographic severity scores and hospitalization lengths in affected children.Clinical observations reinforce these molecular insights, revealing that children presenting with community-acquired pneumonia often exhibit concurrent reductions in serum zinc and iron alongside fecal microbiota shifts toward lower Bifidobacterium and Lactobacillus counts, with these alterations correlating quantitatively to hypoxia indices, inflammatory cytokine profiles including elevated interleukin-6 and tumor necrosis factor-alpha, and overall disease burden. Such patterns suggest that micronutrient status serves not merely as a marker of malnutrition but as a modifiable determinant of microbial resilience, where early deficits predispose to dysbiosis that in turn sustains a pro-inflammatory milieu resistant to standard antimicrobial therapies. Antibiotic administration, while essential for bacterial etiologies, further compounds the issue by inducing transient yet profound microbiota depletion, particularly of SCFA-producers, which delays micronutrient repletion and prolongs recovery phases. In this context, disease severity emerges as a composite outcome of impaired host- microbe symbiosis rather than isolated pathogen virulence, underscoring the need for integrated assessment of nutritional and microbial parameters at diagnosis.Therapeutic strategies targeting this interrelationship hold substantial promise for mitigating severity and improving outcomes. Restoration of micronutrient balance through targeted supplementation such as zinc adjunctive to standard care has demonstrated potential to enhance phagocytic efficiency and reduce inflammatory burden, while simultaneously supporting recolonization by beneficial microbes when combined with probiotic or synbiotic formulations. Prebiotic fibers that selectively nourish SCFA-producers could amplify vitamin D receptor expression and zinc transporter activity, fostering a self-reinforcing cycle of microbial and nutritional recovery. Precision approaches, including strain-specific probiotics calibrated to individual dysbiosis profiles or fecal microbiota modulation techniques, may further optimize the gut-lung axis to shorten illness duration, decrease complication rates, and prevent recurrent episodes that perpetuate nutritional decline. Longitudinal monitoring of both micronutrient biomarkers and microbial metagenomic signatures could enable risk stratification, identifying children at heightened risk for severe progression and guiding personalized interventions. Broader implications extend beyond acute management to preventive paradigms in pediatric populations, where optimizing early-life microbiota establishment through breastfeeding, diverse weaning diets rich in micronutrient-dense foods,
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and judicious antibiotic stewardship could fortify resilience against community-acquired pneumonia. In regions with high pneumonia incidence, public health initiatives integrating nutritional screening with microbiota-supportive dietary guidelines may yield multiplicative benefits, reducing healthcare burdens and long-term sequelae such as bronchiectasis or impaired lung function. Future investigations should prioritize longitudinal cohort designs that disentangle causal directions within the micronutrient-microbiota-severity triad, employing multi-omics integration of metabolomics, metagenomics, and host transcriptomics to uncover novel biomarkers and therapeutic targets. Ultimately, recognizing the intricate interdependence of micronutrient homeostasis and gut microbial ecology in the context of pediatric respiratory infections illuminates a holistic framework for precision medicine, one that transcends conventional antimicrobial paradigms to address the foundational determinants of host susceptibility and recovery. This integrated perspective not only advances mechanistic understanding but also paves the way for transformative interventions capable of substantially alleviating the global toll of community-acquired pneumonia in children.
List of used literature:1. Ahmedov O.B., Karimova D.N. The relationship between intestinal microbiota and micronutrient status in children with asthma. Journal of Pediatrics. 2024; 12(3):45-52. (pp. 45­52)2. Rasulov A.Sh., Ismoilova Sh.A., Toirov A.B. The effect of vitamin D and zinc deficiency on the severity of asthma in children. Journal of Medicine of Uzbekistan. 2023; 8(4):112-118. (pp. 112­118)3. Kadirova Z.M., Abdullayeva N.R. The interaction between intestinal microbiota dysbiosis and lung diseases. Infectious diseases and microbiology. 2023; 15(2):67-74. (Pg. 67-74)4. Sharipov R.G., Khaydarova M.N. Immune and nutritional status in community-acquired pneumonia in children. Bulletin of the Tashkent Medical Academy. 2022; 9(1):89-95. (Pg. 89­95)5. Mirzakarimov M.F., Umarova D.Sh. Micronutrients and intestinal microbiota: new approaches to pediatric respiratory infections. Health Problems. 2022; 14(3):203-210. (Pg. 203-210)

IB
M

SC
R

 | 
Vo

lu
m

e 
6,

 Is
su

e 
04

, A
pr

il



IS SN : 2750-3399 Im pact factor: 9,2

This Certificate is Proudly Presented for Honorable
Achievement to

Javohir Karimov Ilkhomovich
For Publication of Paper Entitled 

INTERRELATIONSHIP BETWEEN MICRONUTRIENT 
STATUS AND GUT MICROBIOTA IN CHILDREN WITH 

COMMUNITY-ACQUIRED PNEUMONIA AND ITS 
IMPACT ON DISEASE SEVERITY

In Volume 6, Issue 04 of International Bulletin 
of Medical Sciences and Clinical Research

10.04.2026
Date C h ief Editor

•^AiCiteFactor 
*•»»---------

C >  DataC ite

«U
b/WorldCatOpen AJ RE DRJI
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