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Abstract
Background: The highly infectious coronavirus has become a global pandemic; the effective medication is yet to be developed. The health care system was 
strained; millions of people have been suffered from infection and complications. Post COVID-19 fatigue is a dominant characteristic of coronavirus infection. It 
affects general state of health, muscle strength, sleeping quality, mental health, and life quality. This paper is emphasizing and summarizing the potential beneficial 
supplementations of post COVID-19 fatigue symptoms.

Methods: The knowledge gained from PubMed and from the National Library of Medicine. Clinical studies and systematic review articles were collected in this 
topic.

Results: Herein, we discuss the possible therapeutic supplementations with anti-inflammatory, immunomodulatory and antioxidant effect. Vitamin complexes, 
trace elements, antioxidants, coenzymes, probiotics, essential fatty acids; one and creatine as amino acid derivatives have been appeared to be effective in relieving 
post COVID-19 fatigue symptoms.

Conclusions: Based on the data, these nutrients and supplements might be important to alleviate the post COVID-19 fatigue symptoms and they could be 
considered as a supportive therapy.
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Abbreviations and Acronyms
AMPK: AMP-Activated Protein Kinase; ADP: Adenosine 

Diphosphate; ATP: Adenosine Triphosphate; BFI: Brief Fatigue 
Inventory; CK: Creatine Kinase; CFQ-11: Chalder Fatigue Scale; 
COVID-19: Coronavirus Disease 2019; DHA: Docosahexaenoic 
Acid; DNA: Deoxyribonucleic Acid; EPA: Eicosapentaenoic Acid; 
FACIT-Fatigue Scale: Functional Assessment of Chronic Illness 
Therapy-Fatigue Scale; FIS: Fatigue Impact Scale; GABAA: Gamma-
Aminobutyric Acid; MFI: Multidimensional Fatigue Inventory; 
NADH: Nicotinamide Adenine Dinucleotide+Hydrogen; PFS: 
Piper Fatigue Scale; PSQI: Pittsburgh Sleep Quality Index; PUFA: 
Polyunsaturated Fatty Acids; ROS: Reactive Oxygen Species; SARS-
COV-2: Severe Acute Respiratory Syndrome Coronavirus-2; SOD: 
Superoxide Dismutase; VAS: Visual Analogue Scale; WHO: World 
Health Organization

Introduction
The coronavirus outbreak began in Wuhan, China, in late 2019 

and was named COVID-19 on March 11, 2020, by the World Health 
Organization (WHO). Since November 26, 2021, a total of 5 virus 
variants have already been known in the world, namely alpha, beta, 
gamma, delta, and omicron [1-2]. The incidence of post-COVID 
outcomes was 10% to 35% in outpatients and nearly 80% in- hospital 
patients. In hospitalized individuals, symptoms may last for eight 
weeks or more after discharge or more than four weeks in the case 
of non-hospitalization [3]. After 90 days of recovery in older adults, 
the most common consequence after COVID was fatigue. Overall, 
the incidence was 17.5% and the higher rate was 72% in hospitalized 
patients [4-6]. Chronic Fatigue Syndrome is a cognitive disorder (lasts 
more than 6 months), characterized by prolonged fatigue, muscle 
weakness, “brain fog”, depression, unrefreshing sleep, cognitive 
impairment and post-exertional malaise and sleep disturbance [7].

Based on WHO classification, post-viral fatigue syndrome 
(current coding 8E49) is covering myalgic encephalomyelitis and 
chronic fatigue syndrome [8]. Drowsiness and mood are associated 
with changes in mental fatigue, and changes in the levels of 
neurotransmitters (dopamine, serotonin, and acetylcholine) can 
cause these symptoms [9]. The central nervous system is likely to 
be accessible to COVID-19 via the forebrain. This area is a source 
of neurotransmitters. Coronavirus equivalents could possibly use 
neuronal dissemination to penetrate into the central nervous system, 
although it is still unclear if COVID-19 has neuroinvasive property. 
As a consequence, post COVID-19 infection might influence the 
central nervous system’s function. The changes in neurotransmitter 
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levels (mainly serotonin and dopamine), the inflammation, axonal 
conduction velocity changes are central factors, are suggested to be 
factors due to COVID-19 [10]. Frontal cortex hypometabolism and 
cerebellar hypermetabolism was found with 18F-Fluorodeoxyglucose-
Positron Emission Tomography (FDG-PET) among patients with 
COVID-19. This was also demonstrated in patients with central 
nervous system disorders (encephalopathy, multiple sclerosis) 
associated with symptoms of fatigue [11,12]. Intracellular processes 
are also crucial, oxidative damage due to inflammation is occurred 
in this condition. Viral respiratory infections are associated with the 
activation of NF-κB signalling and this can cause oxidative damage 
during the inflammation [13]. The infection affects peripheral factors, 
and skeletal muscle as a target appears to be approachable for the 
virus, suggesting the onset of muscle pain, injury, and weakness 
[14,15]. Inflammation, a systematic increase in interleukins, can 
disrupt muscle metabolism and cause muscle loss. Increased levels 
of interleukin 6, an inflammatory cytokine, are associated with 
persistent fatigue [16]. All of these changes are likely to contribute to 
fatigue in patients after COVID-19. Previous review has shown that 
post-viral fatigue syndrome has not received medical treatment [17]. 
In the following, this article summarizes possible supplements and 
nutrient intakes to alleviate the symptoms of post-COVID-19 fatigue.

Microbiome, Probiotics
Respiratory and gut mucosa is functioning as a physical barrier 

against microbial invasion and penetration. Nevertheless, the role 
microbiome is quite outstanding, because it builds up a complex 
system. Microbiomes can communicate with each other and interact 
with synapses of gut autonomic nerve system (which is combined 
with neuroendocrine signalling and neuronal signals). Via neurons 
there is connection between bacteria in lumen of gastrointestinal 
tract and the central nervous system. This gut-brain axis creates 
homeostasis with a communication via several pathways including 
the enteric nervous system and immune system. This system could be 
a significant key for the treatment of neurological disorders due to this 
diversified connection [18]. The connection between microorganisms 
of the lungs and the intestine also forms an axis to the central 
nervous system which is a bidirectional system [19]. According to the 
principle of gut-lung cross talk, lung infections and inflammations 
trigger dysbiosis which can disturb gut microbiota [20]. Based on 
previous data collection, chronic fatigue syndrome and the intestinal 
microbiotic ecosystem are interrelated, and probiotic supplementation 
(eg: Lactobacillus casei, Bifidobacterium infantis) also appeared to be 
beneficial in this condition [21-22].

Dysbiosis (an imbalance in the function and composition of 
intestinal microbiota associated with various diseases) and increased 
opportunistic pathogens were observed, and it was shown that the 
composition of intestinal microbiota in recovered subjects was 
significantly different.

After the resolution of COVID-19, the immunomodulatory gut 
commensals in fecal samples (Eubacterium rectale, Faecalibacterium 
prausnitzii and bifidobacterial species) remained low and depleted up 
to 30 days. Dysbiosis and inflammatory cytokine levels were strongly 
associated with disease severity [23].

The elevation of inflammatory cytokines (IL-2, IL-7, IL10, 
TNF α) are linked with a specific gut microbiome pattern [24]. 
Lower abundance of Lactobacillus, Bifidobacterium, Bacteroides and 
Faecalibacterium in COVID-19 patients was also presented in a 
systematic review [25].

Recovery from SARS-CoV-2 resulted in symbiont depletion and 
dysbiosis. The abundance of Faecalibacterium prausnitzii and the 
severity of the disease showed an inverse relationship. Clostridium 
hathewayi and Clostridium ramosum showed a positive correlation 
with the severity of COVID-19, however, a negative correlation 
was observed between Alistipes onderdonkii and Faecalibacterium 
prausnitzii (anti-inflammatory bacteria) and the severity of 
COVID-19 [26]. The richness of the microbiota does not recover even 
after six months of convalescence and has not returned to a stable and 
diverse microbial ecosystem [27].

Therefore, clarification of the significance and role of the gut-
lung axis and microflora in the treatment of post COVID-19 
fatigue is seemed to be a key factor. In patients with post-acute 
COVID-19 syndrome, the bowel microbiota showed higher levels 
of Bacteroides vulgatus and Ruminococcus gnavus after evaluation 
of the analyzed fecal microbiome. An abundance of Bifidobacterium 
and Ruminococcus was significantly lower in COVID-19 patients 
(mean 3.02% and 6.75%) than in non-COVID-19 patients (mean 
16.36% and 19.22%). Furthermore, the study showed an association 
between fatigue and nosocomial pathogens, Clostridium innocuum 
and Actinomyces naeslundii (p<0.05). Similarly, respiratory symptoms 
have been associated with opportunistic bowel pathogens, fatigue, 
and neuropsychiatric symptoms [28].

Probiotics can contribute to the restoration of a stable intestinal 
microbiome and prevent the colonization of pathogenic organisms in 
the colon environment. Probiotics may increase barrier function in 
the gut and mucin secretion may inhibit the invasion of pathogenic 
strains [29,30].

Table 1 is summarizing some studies and different cases to 
assess the impact of probiotics on fatigue. The effect of Lactobacillus 
acidophilus NCFB 1748, Lactobacillus paracasei ssp. paracasei F19 and 
Bifidobacterium lactis Bb12 was assessed in 15 patients with chronic 
fatigue syndrome. The product of the mentioned strains contained 
108 colony forming units/ml. The open pilot study was 10 weeks 
long, the first 2 weeks had an observational purpose. In the 4 weeks 
treatment and the 4-week long follow-up period Visual Analogue 
Scales (VAS) and SF-12 Health Survey were used to assess the physical 
activity, fatigue and health [31].

Parate and co-workers conducted case series (8 patients) with a 
14-day long probiotic supplementation and multi-enzyme complex 
supplementation as treatment for fatigue [32]. Based on the results of a 
randomized, 2-arm, parallel, double-blind, placebo-controlled study, 
a 14-day probiotic supplementation and systematic enzyme treatment 
alleviated fatigue in the test arm compared to controls (91% vs. 15%) 
[33]. In this study the supplementation (probiotic and multi-enzyme 
complex) was conducted with the same products as in the previous 
case series. Oral probiotic supplements of 2 capsules (5 billion CFU 
/ capsule) from Bacillus subtilis PLSSC (ATCC SD 7280), Bacillus 
coagulans LBSC (DSM 17654) and Bacillus clausii 088AE (MCC 0538) 
were administered. The systematic multi enzyme treatment (500 mg 
per capsule) contained the following: serratiopeptidase, lysozyme, 
bromelain, peptidase, amylase, catalase, papain, lactoferrin and 
glucoamylase. These enzymes have immunomodulatory properties 
and surmounting the oxidative stress mechanisms [34,35]. Scores 
on the CFQ-11 (Chalder Fatigue Scale) Likert scale decreased in 
both arms. Overall, the subject receiving adjunctive therapy showed 
a significant reduction in mental fatigue and physical scores. The 
study showed the effectiveness of 14-day probiotic and multi-enzyme 
formulation supplementation.
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In a randomized controlled clinical trial, the effect of synbiotics 
on fatigue in irritable bowel syndrome was assessed [36]. The capsules 
contained 10 billion colony-forming units of six strains (two strains of 
Bifidobacterium (bifidum and longum) and Lactobacillus (rhamnosus, 
acidophilus, casei, bulgaricus, plantarum and salivarius). The capsule 
also contained fructo-oligosaccharides and inulin powder as 
prebiotics. Three groups received capsules for 8 weeks in the following 
way: high-dose group took 2 capsules of synbiotics; the low-dose 
group got 1 capsule of placebo and 1 capsule of symbiotic; the placebo 
group got 1 capsule of placebo. Multidimensional Fatigue Inventory 
(MFI) and fatigue Visual Analogue Scale (VAS) were used in the study 
to observe the impact.

Previous studies have already shown that probiotics can reduce 
extreme levels of cytokines to balance immune responses. Some of 
them have anti-inflammatory properties; therefore, they can modulate 
the immune system, which is linked to the symptoms of fatigue [37].

Creatine
In the year of 2021, a review summarized the importance of 

the possible pharmacological efficacy of creatine in post-viral 
fatigue syndrome [38]. Glycine, arginine, methionine is essential 
for the synthesis of this molecule. The role of the creatine kinase/
creatine phosphate/creatine system in energy metabolism is often 
overlooked. Creatine kinase contains 4 isoforms in cytosolic forms 
and mitochondrial isoforms [39]. The cytosolic M-creatine kinase (M 
is a muscle) and B creatine kinase (B is the brain) isoforms combine 
dimers to form MM, MB, and BB-CK forms. Each catalyzes the 
reversible transfer of the γ-phosphate group of ATPs, which forms 
ADP and produces creatine phosphate in muscle tissue [40].

Creatine can possibly be a mediator of neuroprotection in 
a wide range of neuropathological conditions; it is an agonist of 
GABAA receptors, regulates glutamatergic transport and mediates 
neuroprotection [41]. It can inhibit the mitochondrial permeability 
transition pores; thus, the ATP level is stabilized in neurons by the 
stimulating production of phosphocreatine [42].

Creatine can be a suppressor of inflammation by downregulating 
membrane proteins in immunity [43]. Oxidative stress also can 
be a contributor of idiopathic chronic fatigue [44]. Creatine as an 
antioxidant protects the mitochondreal DNA from damage caused by 
reactive oxygen species [45,46].

In the early 1990s, Wong et al studied muscle metabolism using 
31P nuclear magnetic resonance spectroscopy in patients with 

chronic fatigue syndrome. Intracellular phosphate metabolism was 
assessed during rest, dynamic exercise, and fatigue. Compared to 
normal controls, intracellular adenosine triphosphate concentrations 
decreased relatively and reached depletion more rapidly [47].

Between 2014 and 2015, twenty-one women participated in a 
dietary intervention of guanidine acetic acid (a precursor of creatine) 
that was evaluated in a randomized, controlled crossover study. After 
three months of oral administration of guanidine acetic acid (2.4 g/
day), there was a significant increase in muscle creatinine compared 
with placebo (36.3% vs. 2.4%). Muscle strength also showed positive 
changes in the supplemented group. The results of the 36-item Short-
Form Health Survey showed relief from fatigue and improvement in 
mental and physical areas of health-related quality of life. However, 
they may suggest a positive effect of creatine metabolism through the 
addition of guanidine acetic acid precursor [48].

Urinary creatine loss has been reported to be correlated with pain 
and fatigue, and it is a feature of fibromyalgia [49]. This condition 
is a chronic disease with centralized, generalized pain sensitivity 
disorder, it is similar to chronic fatigue syndrome and it has the same 
characteristics as memory impairment, unrefreshing sleep, malaise, 
fatigue, and locomotor pain [50].

In a 16-week long, randomized, double-blind, placebo-
controlled, parallel-group clinical trial, patients with fibromyalgia 
were supplemented with creatine monohydrate (20 g divided into 
four equal doses for 5 days, followed by 5 g daily as a single dose). 
The test group showed better and greater muscle strength compared 
to the placebo group. Supplementation increased muscle phosphoryl 
creatine levels. As a result, in the 36-item Short-Form Health survey 
the “mental health” domain was improved. The domain contained 
questions in connection with happiness, jitters, being worn out, 
feeling blue and tired. The Post Sleep Inventory questionnaire 
“presleep” domain also improved after the procedure. The subpart 
of the questionnaire emphasized falling asleep, feeling relieved while 
entering bed, the presence of disturbing thoughts before entering bed 
and falling asleep quickly [51].

Further research on the effects of creatine supplementation is 
needed in the future. Currently there is no evidence for an accurate 
outcome of therapeutic creatine intake.

The Combination of NADH and Coenzyme 
Q10

In the last few years, a number of pathophysiological processes 

Table 1: Some clinical studies about probiotics is showing the relieving impact on fatigue.
Authors Study design Number of patients Dosage Results

Sullivan et 
al. [31] Open pilot study 15 patients with chronic 

fatigue syndrome 
In the treatment of 4 weeks, probiotics were 
administered twice daily (2 dl x 2) 108 CFU/ml

6 out of 15 patients improved based 
on the assessment. The neurocognitive 
functions improved in VAS 

Parate and 
Shah [32] Case series

8 patients with post 
COVID-19 fatigue (6 males 
and 2 females)

Supplementation for 14 days (2 capsules of multi-
enzyme formulation twice daily) (2 capsules of 
probiotics once daily - 5 billion CFU / capsule)

Comparing to the baseline scores 
(26.63) of Chandler Fatigue Scale, 
in the 14th day (2.75) significant 
improvement appeared

Rathi et al. 
[33]

Randomized, 
2-arm, parallel, 
double-blind, 
placebo-controlled 
study

100 patients in test arm and 
100 patients in control arm, 
the patients recovered from 
acute COVID-19 disease

Supplementation lasted 14 days, Test arm received 
daily 2 capsules of probiotic supplementation and 4 
capsules of multi-enzyme complex. The control arm 
received daily placebo with same dosage (5 billion 
CFU / capsule)

The supplementation alleviated fatigue 
in the test arm compared to control 
arm (91% vs. 15%) Chandler Fatigue 
Scale scores decreased in both arms

Lee et al. 
[36]

double-blind, 
randomized 
controlled design 
study

30 subjects with irritable 
bowel syndrome and with 
fatigue took part in the study

3 groups (high-dose; low-dose and placebo) received 
2 capsules for 8 weeks (10 billion colony-forming 
units/capsule)

VAS and MFI scores improved 
significantly in high-dose group 
compared to the placebo
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in chronic fatigue syndrome have been revealed. There is growing 
evidence for oxidative damage, mitochondrial dysfunction, and 
bioenergetic metabolic damage in the pathogenesis of chronic 
fatigue syndrome. NADH (Nicotinamide Adenine Dinucleotide) and 
Coenzyme Q10 might have decisive impact on cellular metabolism, 
because fatigue can be related to cellular energy systems linked to the 
inner mitochondrial transport processes [52]. Coenzyme Q10 (also 
ubiquinone) is a lipid soluble antioxidant in human mitochondria, it 
produces ATP and improves phosphocreatine recovery in molecules 
[53,54]. Coenzyme Q10 induce the activation of AMPK (AMP-
Activated Protein Kinase) cascade system, which leads to the increased 
expression of antioxidant enzymes, like catalase and Superoxide 
Dismutase (SOD). As a result, it is against of the mitochondreal 
Reactive Oxygen Species (ROS) which induced stress damage [55]. 
NADH as a precursor of vitamin B3 has an antioxidant action, and 
also part of the glutathione-redox system, which can help with 
decreasing the oxidative stress [56,57]. Coenzyme Q10 and NADH- 
as bioenergetic cofactors for boosting mitochondrial function- could 
provide a potential treatment as an alternative therapy for post-
viral fatigue. Table 2 is showing the supplementations in different 
interventions about relieving fatigue in chronic patients.

In 2012 the effect of oral supplementation of a glycophospholipid 
formulation combined with microencapsulated NADH and Coenzyme 
Q10 was assessed in patients with Lime disease [58,59]. This product 
also contained L-carnitine, L-tyrosine, vitamin E, minerals, alpha 
ketoglutaric acid, L-tyrosine Bifido and Lactobacillus. In the open label 
8-week preliminary study the fatigue was evaluated with Piper Fatigue 
Scale (PFS). The participants took the glycophospholipid supplement 
with Coenzyme Q10 and NADH in a daily dose. The fatigue was 
monitored at 0, 7, 30 and 60 days with Piper Fatigue Scale. The change 
of the scores in subcategories (Behavior/severity; Affective/meaning; 
Sensory; Cognitive/Mood) of PFS was assessed.

In 2012 Castro-Marrero and co-workers evaluated the benefits 
of NADH and Coenzyme Q10 supplementation. During the study 
the study the biochemical parameters (ATP level, citrate synthase, 
NAD+/NADH and Coenzyme Q10) were monitored [60].

In 2021 they assessed the effects of supplementation with Fatigue 
Impact Scale (FIS-40) Pittsburg Sleep Quality Index (PSQI) and 36-
Item Short Form Health Survey [61]. The cognitive domain improved 

significantly at the 4- and 8-week visits compared to the baseline. The 
FIS-40 was divided into three domains, psychosocial functioning (20 
items), physical (10 items) and cognitive (10 items).

Coenzyme Q10 and NADH deficiency has been observed 
among patients with chronic fatigue syndrome/fibromyalgia, the 
supplementation of these two molecules is reported to be safe and 
their consumption is appropriate to alleviate post viral fatigue [62,63].

Other Potential Supplements
Other macro- and micronutrients appeared to have a notable 

effect on the symptoms of fatigue. Due to the controversial origin 
and pathophysiology of post-viral fatigue there can be association 
between the modified nervous and immune system activities [64]. It is 
also known that nutritional supplement with plant extracts, vitamins 
and minerals ameliorated fatigue and quality of life in post-operative 
and oncological conditions [65].

The impacts of complex nutritional supplement with 19 nutrients 
were evaluated in an observational study to improve chronic fatigue 
after SARS-CoV-2 infection [66]. The product contained vitamin 
complexes (vitamin B1, C, D and vitamin E), amino acids (arginine 
and carnitine), sucrosomial minerals (zinc, magnesium, iron, iodine 
and selenium), antioxidants (Lycopene and Coenzyme Q10) and plant 
extracts (100 mg Panax ginseng and 50 mg Eleutherococcus senticosus). 
Improvement in general health was the main consideration among 
COVID-19 negative subjects with symptoms of chronic fatigue. One 
sachet supplementation’s effect was assed as a daily dose after 28 days. 
The main goal was to estimate the fatigue recovery of patients, which 
was defined as an increase of at least 5 units in FACIT-Fatigue scale 
(Functional Assessment of Chronic Illness Therapy-Fatigue). Among 
the 181 subjects the results of FACIT-Fatigue scale visibly improved at 
least 1 unit after 28 days in 90.05% of subjects. A 10-unit improvement 
was found in half of the subjects after 28 days.

L-carnitine is an amino acid derivative, which has an important role 
in energy metabolism. As a transporter for long chain fatty acids helps 
to produce energy [67]. Cardiac muscle and skeletal muscle utilize fatty 
acids as energy source; therefore, carnitine could be a treatment for 
muscle weakness and general fatigue. General fatigue, muscle loss and 
muscle weakness due to catabolic effects are characterizing chronic 
diseases. It has been demonstrated that L-carnitine has beneficial 

Table 2: Clinical studies summarizing the effects of NADH and Coenzyme Q10 supplementations.
Authors Study design Number of patients Dosage Results

Nicolson 
et al. [58]

Open label 
8-week 
preliminary 
study

16 patients (6 males and 10 
females) with ‘chronic Lyme 
disease’ were the subjects

One serving (5 capsules) contained 
35 mg NADH, Coenzyme Q10. The 
participants took 5 capsules in the 
morning and 5 capsules at night for 8 
weeks

After the 8 weeks of treatment the total mean 
scores of PFS showed a 26% reduction in overall 
fatigue. The subcategories of PFS decreased 
between 21-26%

Nicolson 
et al. [59]

Preliminary 
open label study

58 patients (30 females and 28 
males) with chronic Lyme disease, 
chronic fatigue syndrome/myalgic 
encephalomyelitis

The participants took the suggested 
dose per day, 5 capsules in the morning 
and 5 capsules at night for 8 weeks 
(one serving contained 35 mg NADH, 
Coenzyme Q10)

After the 8 weeks of supplementation 30.7% 
reduction in overall fatigue can be observed. The 
subcategories in PFS decreased between 28%-30.7%

Castro-
Marrero et 
al. [60]

Randomized, 
double-blind 
placebo-
controlled trial 

39 patients (NADH+CoQ10 
group) and 34 patients (placebo 
group) with fatigue

8 weeks of treatment with 200 mg 
of CoQ10 and 20 mg of NADH and 
matching placebo

Significant decreasing in FIS Significantly higher 
ATP levels and production were observed in the 
supplemented patients (119.24 to 31.43 nmol/
mg) compared to the placebo group (67.45 to 15.1 
nmol/mg)

Castro-
Marrero et 
al. [61]

Prospective, 
Randomized, 
Double-Blind, 
Placebo-
Controlled Trial

207 patients with myalgic 
encephalomyelitis/chronic fatigue 
syndrome 72 (intervention group) 
and 72 (placebo group) patients 
were analyzed

8 weeks of treatment with 200 mg 
of CoQ10 and 20 mg of NADH and 
matching placebo

FIS-40 scores decreased; psychosocial domain 
improved. In PSQI habitual sleep efficiency domain 
and sleep quality domain had higher scores in 
placebo
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effect on fatigue in cancer, chronic kidney disease [68,69]. The efficacy 
of L-carnitine supplementation for general fatigue in cancer patients 
was evaluated during chemotherapy. The 11 patients administered 
1500 mg/day levocarnitine per os, the change was assessed using the 
Brief Fatigue Inventory from the baseline to 8 weeks. As a result, the 
Brief Fatigue Inventory scores were significantly higher in the pre-
treatment for all patients comparing to post-treatment scores (mean 
pre-BFI: 4.9 ± 1.8 vs. post-BFI: 1.2 ± 1.6). Carnitine supplementation 
may reduce fatigue in cancer patients; thus, it could be efficient to 
cope with fatigue symptoms [70].

The low level of erythrocytes’ long-chain PUFAs often characterized 
by systematic inflammation and low antioxidant status [71]. Their role 
appeared during the COVID-19 pandemic as a potential treatment. 
The essential fatty acids have been emphasized due to their beneficial 
effect on modulating immune response to viral infections. The 
inflammatory cytokines can be influenced by dietary DHA and EPA 
supplementation [72]. In a clinical cohort study, Castro-Marrero 
et al. [60] evaluated the potential therapeutic supplementation of 
omega-3 fatty acids by the HS-Omega-3 Index method to alleviate 
chronic fatigue syndrome. In case of the 31 participants, the results 
showed that 92.6% of patients had a decreased omega-3 index (5.75%) 
and slightly higher levels of omega-6 fatty acids, although the study 
did not show a significant association between the Pittsburgh Sleep 
Quality Index and FIS-40 scores.

Low level of zinc is associated with an increased risk of viral 
infection, and it has been shown to play an important role in 
maintaining the integrity of skin and mucous membranes and it is 
essential for immune processes. Several studies have presented that 
zinc deficiency in patients with coronavirus infection was associated 
with a higher risk of complications [73]. Fatigue and cognitive 
disorders are characterized by low serum zinc concentration. In 
2021, Castro-Marrero and colleagues evaluated the results of zinc 
and melatonin supplementation in a 16-week, randomized, placebo-
controlled, double-blind study based on a demonstration concept 
[74,75]. 50 patients with chronic fatigue syndrome received zinc (10 
mg) and melatonin (1 mg). After 16 weeks of a combination of these 
two supplements, the physical domain of the Fatigue Effect Scale 
(FIS-40) was significantly improved, and the quality of sleep was also 
significantly improved in both groups. Discontinued supplementation 
(4 weeks after treatment) resulted in deterioration of sleep latency 
[76-78].

Conclusions
Post-COVID-19 fatigue is a complex condition and additional 

research is needed to know the precise physiological details. This 
summary is focusing on the known possible mechanisms and 
the ways of potential treatments with supplementation. The data 
described promising outcomes in connection with the consumption 
of these micronutrients, albeit our list is not complete. The mentioned 
supplements appeared to be effective in relieving fatigue after infection 
of COVID-19.

The intake of probiotics seemed to be highlighted in order to 
restore the intestinal microbiome. Probiotics could affect mental 
health via the intestinal-brain axis. The results have already shown an 
improvement in mental fatigue, sleeping habits and life quality. The 
possibilities of creatine use raise new questions. The effect of creatine 
should be investigated in further studies to develop a new therapy to 
alleviate post COVID-19 fatigue syndrome.

In multivitamin complexes, vitamin C and vitamin B complexes 
and magnesium are involved in energy-producing. Their role in 
the intracellular cofactor supplementation is key factor to improve 
mitochondrial function via the citric acid cycle and ATP synthesis 
with Coenzyme Q10. They can boost and restore bioenergetic 
metabolism and mitochondrial function. The ATP of depleted cells 
is replenished, which can help with energy production. The mostly 
energy-demanding central nervous system and skeletal muscle are 
depending on these mechanisms.

NADH plus Coenzyme Q10 showed a high antioxidant effect in 
alleviating oxidative stress damage in patients with chronic fatigue 
syndrome. L-carnitine supplementation might improve nutritional 
status due to anti-catabolic effect. The supplementation can increase 
the protein synthesis and improved the nitrogen balance. The 
mitochondrial function was ameliorated, consequently it prevents 
oxidative stress. It helps to reduce the inflammation and tissue 
damage. The positive effects of P. ginseng also known for improving 
memory, cognitive function, and mental fatigue.

The first pilot study of the addition of melatonin and zinc 
resulted in an adjuvant treatment to reduce fatigue. Doses of 10 mg 
zinc and 1 mg melatonin were shown to be effective. Omega-3 fatty 
acid levels were low in subjects with chronic fatigue syndrome, thus 
more interventions are needed for this replacement. Decreased levels 
of omega-3 fatty acids may indicate an inflammatory condition in 
the patient, which may be associated with fatigue. In the future the 
importance of omega-3 fatty acid supplementation for therapeutic 
purposes could be emphasized.

Vitamin D is a well-known, low-cost and safe supplement during 
the pandemic. Although, this nutrient does not seem to be effective 
against post-COVID-19 fatigue. This pandemic era reinforced the 
immune effects of the vitamin D. Nevertheless, it is fundamental to 
get more evidence to evaluate the effect of it. Selenium as a major 
component of antioxidant defense and mechanisms is noted to be 
decisive in this condition.

The immune boosting role of vitamin D, zinc, selenium and 
omega-3 fatty acids is a well-supported and their positive impact has 
been already noted. It is recommended that these oral supplements 
be added to improve the quality of life of patients with post-COVID 
fatigue. There are not too many clinical studies about the role of 
micronutrients and supplementations in post viral fatigue. Further 
investigations would be crucial about the role of micronutrients in 
fatigue symptoms; the results of the studies would have promising 
long-term benefits for this condition.
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