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ABSTRACT

Viral respiratory infections remain a major public health concern globally, affecting
millions annually and causing significant morbidity and mortality. Growing evidence
demonstrates that nutritional status critically influences immune competence and
susceptibility to infection. This review synthesizes current research on dietary
interventions and micronutrient supplementation for prevention of acute viral
infections. Key nutrients including vitamins C, D, E, zinc, and selenium have
demonstrated immunomodulatory properties and antiviral effects in clinical and pre-
clinical studies. Mediterranean and DASH dietary patterns, rich in polyphenols and
antioxidants, show promise in reducing infection severity through anti-inflammatory
mechanisms. Probiotics and prebiotics enhance gut microbiota composition,
strengthening the gut-lung axis and improving respiratory immune responses.
Adequate protein, omega-3 fatty acids, and micronutrient status are essential for
optimal antibody production and T-cell maturation. Malnutrition, including both
undernutrition and obesity, significantly increases vulnerability to severe viral
infection outcomes. This comprehensive analysis emphasizes the importance of
balanced nutrition as a cost-effective, accessible preventive strategy for reducing viral
infection incidence and severity across diverse populations.
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1. INTRODUCTION

Viral respiratory infections, including influenza, common cold, and SARS-CoV-2,
represent persistent global health challenges [1-3]. The pandemic era has underscored
the critical importance of strengthening individual and population-level immune
defenses. Nutrition serves as a fundamental pillar of immunocompetence, with
emerging evidence demonstrating that dietary patterns and micronutrient status directly
influence susceptibility to viral infections and infection severity [1, 2]. Inadequate
nutrition impairs immune system functioning and increases vulnerability to pathogenic
invasion, resulting in elevated infection incidence and worse clinical outcomes [3, 4].

Micronutrients such as vitamins A, C, D, E, and trace elements including zinc,
selenium, and iron are essential for innate and adaptive immune responses [2, 5].
Deficiencies in these critical nutrients have been associated with increased infection
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susceptibility and adverse clinical outcomes during viral infections [3, 6]. Beyondd'
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individual micronutrients, dietary patterns emphasizing whole foods, fiber, and
bioactive compounds have demonstrated protective effects. The Mediterranean diet,
characterized by high polyphenol content and anti-inflammatory properties, has shown
potential in attenuating viral infection severity [7, 8]. Additionally, the composition
and function of the gut microbiota play crucial regulatory roles in immune competence
through the gut-lung axis mechanism, suggesting that probiotics and prebiotics may
enhance respiratory immunity [4, 9].

This comprehensive review aims to synthesize current scientific evidence regarding
dietary and nutritional interventions for preventing viral infections. We examine the
mechanistic roles of specific micronutrients, dietary patterns, and microbiota-
modulating approaches in enhancing immune responses and reducing infection risk,
with particular focus on respiratory viral pathogens.

2. METHODS

A comprehensive literature review was conducted systematically searching PubMed,
Google Scholar, and Web of Science databases utilizing keywords including 'nutrition,’
'viral infections,' 'micronutrients,’ 'immune response,' 'diet,' and 'prevention.' Studies
published between 2018-2025 were prioritized, with inclusion of seminal earlier
studies. Peer-reviewed original research articles, meta-analyses, systematic reviews,
and clinical trials were included. Exclusion criteria encompassed non-peer-reviewed
literature, studies lacking quantitative data, and those not addressing immune or viral
infection outcomes. Data extraction included study design, population characteristics,
dietary/nutritional interventions, outcome measures, and findings.

Quality assessment utilized established criteria evaluating methodology, sample size,
outcome measurement, and potential bias sources. Evidence synthesis synthesized
findings across nutrient categories, dietary patterns, and mechanistic pathways.

Review Methodology Evaluation Criteria

Component

Literature PubMed, Google Scholar, Web of Science | Relevance, peer-

Search (2018-2025) review status

Study Design RCT, cohort, case-control, meta-analysis, | Quality assessment
systematic review score

Outcome Infection incidence, severity, immune Statistical

Measures markers, hospital admission significance

Data Synthesis | Thematic analysis by nutrient, dietary | Evidence consistency
pattern, mechanistic pathway
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3.1 Micronutrients and Immune Function

Vitamin C functions as a critical cofactor for immune cell differentiation and antibody
synthesis. The literature demonstrates that vitamin C supplementation reduces cold
duration and symptom severity in individuals exposed to extreme physical stress. High-
dose intravenous vitamin C administration in severely ill patients has shown improved
inflammatory markers and, in some studies, reduced mortality in acute respiratory
distress syndrome.

Vitamin D regulates both innate and adaptive immune responses through its receptor
present on immune cells. Studies demonstrate inverse relationships between serum 25-
hydroxyvitamin D levels and respiratory tract infection incidence. Vitamin D
deficiency has been documented in acute respiratory infection patients, suggesting
repletion may improve outcomes. Proposed mechanisms include enhanced production
of antimicrobial peptides and reduced pro-inflammatory cytokine production through
suppression of nuclear factor-kappa B signaling.

Zinc plays essential roles in T-cell maturation, natural killer cell function, and antibody
production. Zinc deficiency impairs immune cell differentiation and reduces interferon
production. Meta-analyses of supplementation trials demonstrate that zinc
administration within 24 hours of symptom onset reduces illness duration by
approximately one day and decreases severity in adults. However, long-term
supplementation effects remain less conclusive.

Selenium functions as a cofactor for selenoproteins essential for antioxidant defense
and immune regulation. Selenium deficiency impairs T-cell maturation and antibody
responses. Studies on selenium supplementation show enhanced interferon-alpha and
interferon-gamma production and improved T-cell responses. Selenium adequacy
appears particularly important during severe viral infections characterized by oxidative
stress and dysregulated inflammation.

Vitamins A and E, along with iron and copper, contribute to barrier integrity and
immune cell function. Deficiencies in these micronutrients significantly increase
infection susceptibility, particularly in vulnerable populations.

3.2 Dietary Patterns and Polyphenols

Mediterranean diet adherence has demonstrated inverse associations with viral
infection severity. The diet emphasizes vegetables, fruits, olive oil, whole grains,
legumes, and fish—all rich in polyphenolic compounds. Polyphenols including
quercetin, catechin, resveratrol, and naringenin exert antioxidant and anti-
inflammatory effects through multiple mechanisms: reduction of reactive oxygen
species generation, inhibition of nuclear factor-kappa B signaling, and modulation of
pro-inflammatory cytokine production including interleukin-6 and tumor necrosis
factor-alpha.
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Mediterranean diet patterns strengthen epithelial barrier function and activate.
polymorphonuclear and natural killer cells to produce antimicrobial peptides. The
DASH (Dietary Approaches to Stop Hypertension) diet, similarly rich in fruits,
vegetables, whole grains, and low in processed foods, shows comparable anti-
inflammatory benefits. Conversely, Western dietary patterns—high in saturated fat,
refined carbohydrates, and sugar and low in fiber—promote systemic inflammation
and reduced immune competence.

Omega-3 polyunsaturated fatty acids, abundant in oily fish and plant sources, mediate
anti-inflammatory effects through specialized pro-resolving mediator production.
Adequate fiber intake promotes short-chain fatty acid production through microbial
fermentation, supporting mucosal immunity and reducing pathological inflammation.

3.3 Gut Microbiota, Probiotics, and Prebiotics

The gut-lung axis represents an emerging mechanistic understanding of how intestinal
microbiota composition influences respiratory immune responses. Specific bacterial
taxa including Bacteroidetes and Firmicutes produce short-chain fatty acids and other
metabolites that systemically enhance Thl immune responses and reduce excessive
pro-inflammatory responses that characterize severe viral pneumonia.

Meta-analyses demonstrate that probiotics (live beneficial bacteria) and prebiotics
(fermentable fiber substrates) administration significantly reduces viral respiratory
infection incidence by approximately 20%. Mechanistically, probiotics enhance
intestinal mucosal barrier function, reduce pathogenic colonization, and stimulate
regulatory T-cell expansion and anti-inflammatory cytokine interleukin-10 production.
Interferon-alpha, interferon-gamma, and interleukin-12 concentrations increase
significantly with probiotic/prebiotic supplementation, while pro-inflammatory
cytokines including tumor necrosis factor-alpha and interleukin-6 decrease.

Specific probiotic strains including Lactobacillus rhamnosus and Bifidobacterium
lactis have demonstrated enhanced protective efficacy in clinical trials. Dysbiosis—
microbiota disruption from broad-spectrum antibiotics or poor diet—significantly
impairs respiratory immunity and increases secondary infection risk during severe viral
illness.

3.4 Nutritional Status and Infection Severity

Both undernutrition and overnutrition (obesity) compromise immune responses and
increase severe viral infection risk. Malnutrition impairs T-cell and B-cell function,
reduces antibody production, and increases susceptibility to secondary bacterial
infections. Historically, the Spanish influenza pandemic and more recently the 2009
HI1N1 pandemic demonstrated that malnutrition significantly increased mortality risk.

Obesity—defined as body mass index greater than 30 kg/m?*—independently predicts
severe infection and hospitalization during influenza and COVID-19. Obesity-
associated chronic systemic inflammation, impaired regulatory T-cell function, and
reduced interferon responses contribute to enhanced viral replication and worse
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cell populations and antibody synthesis.
4. DISCUSSION

This comprehensive synthesis of published evidence demonstrates compelling
associations between dietary patterns, nutritional status, and resistance to viral
infections. The mechanistic understanding of how nutrients influence immune
responses has advanced substantially through in vitro studies, animal models, and
human trials [1-5, 10—15]. The multifactorial nature of nutritional influences on
immunity necessitates integrated approaches emphasizing overall dietary quality rather
than isolated nutrient supplementation.

Key nutrients including vitamins C, D, and E, along with zinc and selenium, have
demonstrated consistent immunomodulatory effects across diverse study populations
[9-12]. The clinical relevance of these associations appears strongest when baseline
micronutrient status is insufficient and when supplementation occurs during periods of
elevated infection risk or early in the infectious process. However, excessive
supplementation does not universally confer benefit and may promote dysregulated
immune responses.

Dietary patterns emphasizing plant-based foods, healthy fats, and minimal processing
appear superior to supplementation alone [7, 8, 17-20]. Mediterranean and DASH
patterns offer practical, sustainable approaches for infection prevention through
combined effects of multiple protective nutrients and bioactive compounds. These
patterns reduce systemic inflammation through multiple mechanisms and maintain
epithelial barrier integrity critical for defense against respiratory pathogens.

The emerging understanding of the gut-lung axis provides novel mechanistic rationales
for probiotic and prebiotic interventions [26—28, 31]. The evidence supporting
microbiota modulation for infection prevention appears robust across multiple trial
designs, though strain specificity and population heterogeneity warrant individualized
approaches. Population-level dietary interventions offer cost-effectiveness advantages
over pharmaceutical approaches for infection prevention, particularly in low-resource
settings.

Limitations of current evidence include heterogeneity in study designs, population
demographics, pathogen specificity, and outcome measurement. Long-term follow-up
data for supplementation interventions remain limited. Additionally, mechanistic
studies predominantly derive from in vitro or animal models; human mechanistic data
remain restricted. Publication bias may overrepresent positive findings, though
multiple negative trials have appeared.

Future research priorities include pragmatic community-based dietary interventions,
evaluation of cost-effectiveness and implementation feasibility, investigation of
nutrient interactions and synergistic effects, and clarification of optimal
supplementation timing, dosing, and duration. Integration of nutritional approaches
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with behavioral and environmental infection control measures represents optimal;
public health strategy for viral infection prevention.

5. CONCLUSION

Nutritional interventions represent accessible, cost-effective strategies for
strengthening immune defenses against viral respiratory infections. Abundant
scientific evidence demonstrates that adequate micronutrient status, especially
vitamins C, D, zinc, and selenium, critically supports optimal immune function.
Whole-food dietary patterns emphasizing vegetables, fruits, whole grains, legumes,
and healthy fats—exemplified by Mediterranean and DASH approaches—provide
multiple protective nutrients and bioactive compounds that reduce both infection
susceptibility and severity through anti-inflammatory and immunomodulatory
mechanisms. Gut microbiota composition, modifiable through dietary fiber, probiotics,
and prebiotics, significantly influences respiratory immune competence through the
gut-lung axis mechanism.

Public health strategies should prioritize nutrition education and dietary pattern
improvements as foundational infection prevention approaches, particularly in
vulnerable populations. Personalized assessment of micronutrient status followed by
targeted supplementation, when indicated, combined with evidence-based dietary
pattern recommendations, offers substantial potential for reducing viral infection
burden globally. Integration of nutritional science into clinical practice guidelines for
infection prevention and treatment represents essential opportunity for improving
population health outcomes across diverse healthcare settings.
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