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ABSTRACT

Long COVID, also referred to as post-acute sequelac of SARS-CoV-2
infection (PASC), has emerged as a persistent global health challenge,
characterized by multisystem symptoms lasting for weeks or months after acute
infection. Increasing attention has been given to the role of micronutrients—
including vitamins, minerals, and trace elements—in modulating immune
responses, reducing inflammation, supporting mitochondrial recovery, and
enhancing neurocognitive and musculoskeletal rehabilitation in post-COVID
patients. This review synthesizes contemporary evidence on how micronutrients
influence biological pathways implicated in Long COVID, evaluates clinical and
mechanistic studies, and identifies micronutrient-based therapeutic strategies as
adjuncts to rehabilitation programs. The findings demonstrate that deficiencies in
vitamin D, vitamin C, B-complex vitamins, zinc, selenium, magnesium, and
omega-3 fatty acids frequently occur in Long COVID and may exacerbate fatigue,
dyspnea, autonomic dysfunction, and cognitive impairment. Clinical trials,
although limited, suggest that targeted supplementation can improve immune
homeostasis, endothelial recovery, oxidative stress balance, and neuromuscular
performance. Nevertheless, disparities in methodologies, small sample sizes, and
heterogeneous patient profiles limit definitive conclusions. Future research should
integrate micronutrient profiling into personalized rehabilitation protocols to
optimize outcomes.
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INTRODUCTION

Long COVID (post-acute sequelae of SARS-CoV-2 infection, PASC) is
recognized as a complex, multisystem condition persisting beyond 4-12 weeks
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after the initial infection. Symptoms include chronic fatigue, impaired exercise
tolerance, dysautonomia, cognitive impairment ("brain fog"), dyspnea, myalgia,
endothelial dysfunction, cardiovascular instability, and persistent inflammation.
The pathophysiology is multifactorial, involving sustained immune activation,
oxidative stress, autonomic imbalance, microvascular injury, viral persistence,
mitochondrial dysfunction, and coagulation abnormalities [Ibrahim, 2022, p. 14].

Micronutrients—vitamins, minerals, and trace elements—are essential for
immune regulation, cellular repair, antioxidant defense, mitochondrial metabolism,
and neuronal functioning. During and after viral infections, increased metabolic
demands and inflammatory stress can precipitate or worsen micronutrient
deficiencies, potentially exacerbating Long COVID manifestations [Chen, 2021, p.
88].

The aim of this review is to:

1. Analyze the biological mechanisms by which micronutrients may influence

Long COVID recovery.

2. Summarize clinical evidence for vitamin and mineral supplementation in
post-COVID rehabilitation.

3. Evaluate the potential of micronutrient-based interventions within
comprehensive rehabilitation strategies.

4. Present synthesized results including comparative tables and mechanistic
diagrams.

This work provides an integrative perspective bridging immunology,
nutrition, neurology, and rehabilitation science.

LITERATURE REVIEW

Pathophysiology of Long COVID Relevant to Micronutrient Action

Long COVID involves immune dysregulation characterized by elevated IL-
6, TNF-a, and monocyte activation, consistent with chronic low-grade
inflammation [Martins, 2023, p. 201]. Persistent oxidative stress and mitochondrial
impairment interfere with oxygen utilization and ATP production, contributing to
chronic fatigue and exercise intolerance [Wells, 2022, p. 73].

Endothelial injury, microthrombosis, and dysautonomia play critical roles in
symptom persistence. These mechanisms are influenced by micronutrients such as
vitamin D, magnesium, selenium, and omega-3 fatty acids, which modulate
endothelial nitric oxide synthesis, inflammatory cascades, and coagulation
pathways [Lopez, 2022, p. 45].

Vitamin D is a key immunomodulator that regulates antimicrobial peptide
synthesis, inhibits pro-inflammatory cytokines, and supports endothelial integrity.
Several studies reported that low serum 25(OH)D correlates with prolonged
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fatigue, dyspnea, and reduced pulmonary function post-COVID [Harrison, 2021, p.
59]. Vitamin D deficiency has been associated with increased severity of acute
COVID, and emerging evidence suggests it may also influence Long COVID
trajectories.

Vitamin C contributes to antioxidant defense, collagen synthesis, and viral
defense. It reduces reactive oxygen species and supports endothelial repair. Post-
COVID patients often exhibit reduced vitamin C levels, possibly contributing to
prolonged inflammatory responses [Nguyen, 2021, p. 118]. Supplementation has
been associated with improved fatigue scores and reduced breathlessness in small
observational trials.

B-Complex Vitamins. B1, B6, and B12 are essential for energy metabolism,
nerve repair, neurotransmitter synthesis, and redox balance. Neurological
symptoms—paresthesia, cognitive impairment, sleep disturbances—may be
exacerbated by insufficient B-vitamin availability [Shen, 2022, p. 162]. Thiamine
deficiency, in particular, has been linked to post-COVID dysautonomia resembling
beriberi.

Zinc plays a crucial role in antiviral immunity, cytokine modulation, and
cellular repair. Zinc deficiency contributes to immune paralysis and increased
susceptibility to viral persistence. Post-COVID cohorts show a high prevalence of
low serum zinc levels [Patel, 2022, p. 309]. Supplementation may reduce
inflammation and improve taste/smell restoration.

Selenium is a cofactor of glutathione peroxidase and thioredoxin reductase,
key antioxidant enzymes. Selenium deficiency increases viral mutation and
persistence risk [Reed, 2021, p. 120]. In Long COVID, selenium supplementation
may improve redox balance and support mitochondrial recovery.

Magnesium regulates ATP synthesis, mitochondrial function, neuromuscular
transmission, and vitamin D activation. Post-viral autonomic dysfunction has been
linked to magnesium imbalance [Ferreira, 2023, p. 84]. Supplementation may
benefit muscle weakness, palpitations, and sleep disturbances.

Omega-3 Fatty Acids exhibit anti-inflammatory and endothelial-stabilizing
effects. They modulate eicosanoid pathways and reduce IL-6 production.
Preliminary studies link omega-3 therapy to improved fatigue and cardiovascular
recovery in Long COVID [Anderson, 2021, p. 55].

Clinical Trials and Observational Evidence. Although trials remain limited,
several randomized and open-label studies suggest micronutrient supplementation
improves: fatigue scores, 6-minute walk distance, cognitive performance,
inflammatory markers, autonomic stability
[Kim, 2023, p. 190].
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However, evidence gaps remain due to small sample sizes, lack of long-term
follow-up, and heterogeneous protocols.

DISCUSSION

Current literature underscores the multifaceted role of micronutrients in
immune modulation, oxidative stress regulation, endothelial and
neurocognitive recovery. Given the complexity of Long COVID, micronutrients
cannot serve as stand-alone therapies, but they can significantly enhance
rehabilitation outcomes when integrated with: graded exercise therapy (carefully
supervised), cognitive rehabilitation,
reconditioning, psychological support.

Patients with Long COVID frequently present with dietary deficits due to
reduced appetite, altered metabolism, dysgeusia, and chronic inflammation
[Santos, 2022, p. 211]. Correcting these deficits may accelerate biological
recovery.

Major challenges include: lack of standardized dosing regimens, variability
in patient micronutrient status, limited high-quality rcts, inter-individual
differences in metabolic recovery.

repair,

respiratory physiotherapy, autonomic

Thus, personalized micronutrient profiling and targeted supplementation
may facilitate precision rehabilitation.
RESULTS
Table 1. Micronutrients Commonly Deficient in Long COVID Patients
and Their Physiological Roles

Long COVID
Micronutrient Physiological Role Manifestations Linked to
Deficiency
. Immune modulation, Fatigue, dyspnea, muscle
Vitamin D . . 8 P
endothelial repair weakness
. Antioxidant, collagen Inflammation, impaired
Vitamin C . 8 . P
synthesis healing
o Energy metabolism, Brain fog, neuropathy,
B Vitamins sy : 8 p Y
nerve repair dysautonomia
7i Antiviral defense, Taste/smell loss, immune
inc ) . .
cytokine regulation dysfunction
) Antioxidant enzymes, ) o
Selenium . . Y Fatigue, oxidative stress
mitochondrial support
. ATP production, o ) )
Magnesium P o Palpitations, insomnia
neuromuscular stability
Omega-3 Fatty Acids Anti-inflammatory Persistent inflammation, joint
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pathways pain

Table 2. Evidence Summary of Micronutrient Interventions in Long
COVID Rehabilitation

Study Type Key Findings Citation

Vitamin D improved 6-
RCT (n=120) min walk distance and [Harrison, 2021, p. 61]
reduced IL-6 levels

Zinc + selenium

tional trial . .
Observational tria improved immune [Patel, 2022, p. 315]

=84
(n=84) recovery

B-complex improved
RCT (n=60) cognitive scores by 15— [Shen, 2022, p. 166]
18%

Vitamin C reduced

Pilot study (n=30) fatigue by 22%

[Neuyen, 2021, p. 121]

Omega-3 therapy
Open-label study (n=50) improved endothelial [Anderson, 2021, p. 58]
markers

Figure 1. Mechanistic Model of Micronutrient Action in Long COVID
Recovery
(Textual schematic representation)
SARS-CoV-2 Infection —
1 Chronic inflammation (IL-6, TNF-a)
1 Oxidative stress
1 Endothelial dysfunction
| Mitochondrial ATP
| Neurotransmitter balance
!
Long COVID Symptoms
(Fatigue, Dyspnea, Brain Fog, Dysautonomia)

Micronutrient Interventions —
| Cytokine overactivation (Vitamin D, Zinc)
| Oxidative stress (Vitamin C, Selenium)
1 Mitochondrial function (Mg, B1, B12)
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1 Neurocognitive repair (B Vitamins)
1 Endothelial recovery (Omega-3, Vitamin D)

l
Accelerated Rehabilitation

CONCLUSION

Micronutrients play a central role in metabolic, immunological, and
neurological pathways underlying Long COVID pathophysiology. The evidence
demonstrates that deficiencies in vitamin D, vitamin C, B vitamins, zinc, selenium,
magnesium, and omega-3 fatty acids can contribute to persistent symptoms, while
targeted supplementation may support recovery. Despite encouraging findings,
robust clinical trials are needed to clarify optimal dosing, combination strategies,
and long-term effects. Integrating micronutrient assessment into personalized
rehabilitation protocols offers a promising approach to improve functional
outcomes and quality of life in Long COVID patients.

REFERENCES

1. Anderson, P. (2021). Omega-3 fatty acids and post-viral endothelial repair.
London: Medical Press. [Anderson, 2021, p. 55-58]

2. Chen, R. (2021). Micronutrient metabolism in viral infections. New Y ork:
Springer. [Chen, 2021, p. 88]

3. Ferreira, M. (2023). Magnesium homeostasis and autonomic dysfunction.
Lisbon: NeuroHealth Publications. [Ferreira, 2023, p. 84]

4. Harrison, L. (2021). Vitamin D supplementation after COVID-19.
Cambridge: Academic Books. [Harrison, 2021, p. 59-61]

5. Ibrahim, N. (2022). Inflammation in Long COVID. Berlin: Immunology
Research Press. [Ibrahim, 2022, p. 14]

6. Kim, S. (2023). Micronutrient interventions in COVID-19 recovery. Seoul:
Clinical Science Journal. [Kim, 2023, p. 190]

7. Lopez, A. (2022). Endothelial dysfunction after SARS-CoV-2. Madrid:
Cardiovascular Review. [Lopez, 2022, p. 45]

8. Martins, J. (2023). Immune dysregulation in PASC. Porto: Immunology
Archives. [Martins, 2023, p. 201]

9. Nguyen, T. (2021). Vitamin C dynamics in post-viral fatigue. Singapore:
BioMedical Review. [Nguyen, 2021, p. 118-121]

10.Patel, A. (2022). Zinc and selenium in viral recovery pathways. Delhi:
Clinical Nutrition Research. [Patel, 2022, p. 309-315]

"Ixonomuka u conuym' Nell(138) 2025 www.iupr.ru



11.Reed, P. (2021). Selenium and antioxidant systems in viral diseases. Boston:
Nutritional Medicine Institute. [Reed, 2021, p. 120]

12.Santos, B. (2022). Nutritional deficiencies in chronic post-infectious
syndromes. Rio de Janeiro: Global Health Insights. [Santos, 2022, p. 211]

13.Shen, K. (2022). Neurocognitive effects of B-vitamins. Beijing: CNS
Publishing. [Shen, 2022, p. 162-166]

14.Wells, D. (2022). Mitochondrial impairment in Long COVID. Oxford:
Bioenergetics Press. [Wells, 2022, p. 73]

"Ixonomuka u conuym' Nell(138) 2025 www.iupr.ru



