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Abstract 

 

In COVID-19 infection, a balance must be achieved in immune defence against the virus 

without precipitating a cytokine storm, which is responsible for lung injury and respiratory 

distress in severe cases. The initial immune response and the subsequent resolution of 

inflammation are likely to be dependent on nutritional status, as one contributing factor. Here, 

we have reviewed the potential link between two specific nutrients, coenzyme Q10 (CoQ10) 

and selenium, with effects on oxidative stress and inflammation in viral infection. We 

conclude that both reagents show promise in the treatment of patients with COVID-19 

disease. This could gave particular relevance over the next several months as promising 

vaccines are deployed to minimize the COVID-19 spread and as a potential preventative or 

mitigating approach for future epidemics and pandemics. 
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There is currently there is no effective treatment for COVID-19 (Coronavirus disease 2019), 

since antibiotics are ineffective against viral infections, and a vaccine against the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) which causes COVID-19 is only likely to 

become available to a significant extent in early 2021. The best defence against such viral 

infections is therefore an optimally functioning immune system. An important factor 

determining immune function and resistance to infection is an individual’s nutritional status. 

In order to determine, on a rational basis, whether nutritional supplementation could be 

potentially beneficial with regard to SARS-CoV-2 infection, one must first consider how the 

immune system functions. 

 

In simplistic terms, the immune system is comprised of two parts, the innate immune system 

and the adaptive immune system. As the name implies, the innate immune system is present 

and operational from birth, providing a rapid and non-specific first-line response to invading 

microorganisms. The innate immune system comprises a number of components, the most 

prominent being phagocytic cells (macrophages, neutrophils, natural killer cells) which 

destroy engulfed invading microorganisms via the generation of free radicals. Subsequent to 

the innate response, the adaptive immune system may be activated, depending on the severity 

of infection. Adaptive immunity is a slower responding but more specific form of immune 

defence, involving B and T lymphocytes. B lymphocytes produce antibodies to neutralise 

specific antigens, whereas T lymphocytes have a role in destroying infected host cells. 

Communication between the various cell types of the two branches of the immune system is 

facilitated via cytokines, protein chemical messenger molecules. 

  

There is a common misconception that inflammation, which involves the release of pro-

inflammatory cytokine substances, is a wholly negative process within the body. However, 

inflammation is the body’s normal response to infection or injury, and is essential for tissue 

healing, although this process should resolve following the initial immune response to viral 

infection [1]. This resolution occurs via negative feedback mechanisms involving the 

generation of specific molecules such as resolvins, protectins and maresins [2]. 

 

In COVID-19 infection, a balance must therefore be achieved in immune defence against the 

virus, without precipitating the so-called cytokine storm, the uncontrolled release of pro-

inflammatory cytokines responsible for lung injury and respiratory distress in severely 
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affected patients [3]. Both the initial immune response to viral infection and the mechanism 

for subsequent resolution of inflammation are therefore dependent on an individual’s 

nutritional status. In this article, we have reviewed the link between two specific nutrients, 

coenzyme Q10 (CoQ10) and selenium, and free radical induced oxidative stress (an 

imbalance between reactive oxygen generation and antioxidant capacity), inflammation and 

virus infection, with regard to the potential benefits of CoQ10 and selenium supplementation 

in the treatment of patients with COVID-19. 

 

 

2 CoQ10  

 

CoQ10 is a lipid soluble molecule comprising a central benzoquinone moiety, to which is 

attached a 10-unit polyisoprenoid lipid tail. The benzoquinone ring contains redox active 

sites, while the polyisoprenoid chain is responsible for positioning the CoQ10 molecule 

within the mid-plane of the lipid bilayer of various cell membrane types [4]. CoQ10 is 

usually described as a vitamin-like substance, although by definition, CoQ10 is not a vitamin 

since it is produced by various tissues within the human body [5]. 

 

CoQ10 has a number of vital cellular functions, particularly within mitochondria, but also 

elsewhere within the cell [4]. Within mitochondria, CoQ10 has a key role as an electron 

carrier transferring electrons derived from complex I and II to complex III, ensuring a 

continuous passage of electrons within the mitochondrial electron transport chain which is 

required for the process of oxidative phosphorylation with the concomitant product of ATP 

[5]. CoQ10 serves as an important lipid soluble antioxidant protecting cellular membranes, 

both mitochondrial and extra-mitochondrial organelles (Golgi apparatus, lysosomes, 

endoplasmic reticulum, peroxisomes) together with circulatory lipoproteins against free 

radical induced oxidative damage [4].  The antioxidant function of CoQ10 is attributed to its 

fully reduced ubiquinol form [4, 5]. In addition to acting as an antioxidant directly, CoQ10 is 

also involved in the regeneration of the antioxidants vitamin C and vitamin E, respectively 

[6]. CoQ10 has also been reported to be involved in the mediation of inflammation by its 

ability to regulate the expression of genes involved in this process [7]. A recent study also 

indicated that CoQ10 plays a central role in maintaining the acidic environment of the 

lysosomal compartment [8]. CoQ10 exists in both oxidised (ubiquinone) and reduced 
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(ubiquinol) forms, and the normal functioning of CoQ10 involves continual inter-conversion 

between these two forms [4]. 

 

The daily requirement for CoQ10 is not known with certainty, but has been estimated to be 

approximately 500 mg/day, based on a total body pool of 2000 mg and average tissue 

turnover time of 4 days [9]. A small amount of CoQ10 (approximately 5mg) is obtained from 

the daily diet, with most of the daily requirement being synthesised within the body [9]. 

CoQ10 is produced in many tissues, with the liver being the principal site of production based 

on organ mass and metabolic activity level. Optimal production occurs in an individual when 

they are around 25 years of age, after which production steadily declines, with the production 

level at age 65 being approximately 50% of that at age 25 [10]. In addition to the effect of 

aging, CoQ10 levels are also reduced by certain prescribed drugs (particularly statins), and in 

a variety of diseases [11]. Indeed, a study by Becker et al. reported that early statin usage 

appeared to be associated with increased risk of post-stroke infection [12]. However, 

controversy exists at present as to whether statin induced lowering of circulatory cholesterol 

levels may predispose individuals to developing COVID -19 [13]. 

 

CoQ10 therefore has a number of cellular functions of potential relevance to the immune 

system. Firstly, there is the role of CoQ10 in cellular energy supply. Since the immune 

response has intensive energy requirements, an adequate supply of CoQ10 is required to 

enable the various cell types of the immune system to function optimally. Secondly, is the 

role of CoQ10 as an antioxidant, in protecting cells from free radical induced oxidative 

damage, since phagocytic cells destroy invading pathogens via the production of free 

radicals. The antioxidant action of CoQ10 may protect phagocytic cells from self-destruction 

caused by their secretion of free radicals. Finally, CoQ10 is able to moderate directly the 

action of genes involved in inflammation, and may have a role in controlling the release of 

pro-inflammatory cytokines [7].  

 

A recent study by Ghosh et al. reported the ability of SARS-CoV-2  to utilise a lysosomal 

dependent exocytosis pathway for viral release into the extracellular environment from the 

host cell [14]. However, as a consequence of the viral exploitation of this process, SARS-

CoV-2 de-acidifies the lysosome by an as of yet unknown mechanism. This de-acidification 

was reported to decrease lysosomal hydrolytic enzyme activity in addition to impairing the 

antigen presentation role of the organelle in the adaptive immune response.  Therefore, the 
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possibility arises that therapeutic strategies aimed at reversing the de-acidification of the 

lysosome may enhance the immune response against the virus and mitigate the spread of 

infection. In view of the essential role that CoQ10 plays in maintaining lysosomal 

acidification [8], CoQ10 supplementation may be an appropriate therapeutic strategy to 

consider in the treatment of COVID-19. Fig. 1 summarises the functions of CoQ10 in the 

immune function. 

 

 

3 Selenium  

 

Selenium is a trace element obtained from the normal diet. In the UK, a deficiency of 

selenium in soil is manifest upwards through the food chain, such that the average UK diet 

contains only about half of the recommended selenium intake of 70 g per day. Selenium is 

essential for the normal functioning of both the innate and adaptive immune systems. In the 

innate immune system, selenium is required for the differentiation, motility and action of 

neutrophils and macrophages, for the production of antimicrobial proteins, and for recovery 

from inflammation. In the adaptive immune system, selenium is required for the 

differentiation and proliferation of lymphocytes, for cytokine production, and for antibody 

production (Fig. 2). Adequate levels of selenium are important for initiating immunity, but 

they are also involved in regulating excessive immune responses and chronic inflammation 

[15]. It is also of note that selenium reduces the formation of thrombosis in the blood vessels. 

Blood coagulation disorders leading to the formation of micro-clots (particularly in the 

kidneys) are a significant cause of death in patients with COVID-19 [16]. 

 

Of particular note is the synergistic interaction at the cellular level between CoQ10 and 

selenium. In addition to its role as a cofactor of the antioxidant enzyme glutathione 

peroxidase, one of the major functions of selenium is as a component of the enzyme 

thioredoxin reductase, which is required for recycling of the ubiquinol from the CoQ10 

molecule [17]. Supplementation with CoQ10 alone is therefore likely to be sub-optimal in 

effect if the level of selenium is also deficient, although this has yet to be confirmed or 

refuted in patient studies [17]. 
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4 Oxidative stress, inflammation and virus infection 

 

4.1 Oxidative stress  

 

Free radicals are highly reactive chemical species produced in all cells as an unwanted by-

product of normal cell metabolism, with the potential to cause damage in a wide range of 

tissues. The body is protected from such damage by antioxidants, including vitamin C, 

vitamin E, CoQ10 and selenium containing proteins. The body is also exposed to free radicals 

produced by external agents, including infectious microorganisms. Free radical production is 

a characteristic of infection by a wide range of viruses, including influenza-type viruses [18]. 

The additional free radicals generated by viruses have the potential to overwhelm the cellular 

antioxidant defence, with harmful consequences for the cells. This imbalance between free 

radical generation and defence is known as oxidative stress. 

 

Oxidative stress is especially likely to occur in individuals with sub-optimal levels of CoQ10 

or selenoproteins, resulting from impaired endogenous synthesis or dietary deficiency 

respectively. Dietary deficiency of selenium is known to occur in various countries 

worldwide (including Europe), but particularly in certain regions of China. This is thought to 

be one reason why many viral infections, including the current coronavirus pandemic, 

originate from China. Dietary selenium deficiency resulting in oxidative stress in the host can 

alter the viral genome, such that a normally benign or mildly pathogenic virus becomes 

highly virulent. Once such mutations occur, even individuals with a normal diet become 

susceptible to infection by the newly pathogenic viral strain. 

 

Some of the most compelling evidence regarding the detrimental effect of selenium 

deficiency and susceptibility to viral infection relates to Keshan disease, a heart condition 

affecting the population in regions of China with selenium deficient soils. Keshan disease 

results from the effects of infection by an endemic coxsackievirus, and dietary 

supplementation with selenium was shown to completely prevent development of this 

disorder, by elevating host anti-viral immunity and preventing viral mutations that can lead to 

increased virulence. 

 

4.2 Inflammation  
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Inflammation is part of the body’s normal response to injury or infection. The inflammatory 

process is characterised by increased blood flow to the affected tissue, macrophage 

infiltration, and the subsequent release of a range of chemical mediators (cytokines) involved 

in tissue repair. Cytokines can be both pro-inflammatory and anti-inflammatory. Examples of 

pro-inflammatory cytokines involved in tissue repair include interleukin-1 (IL-1), IL-6 and 

tumour necrosis factor (TNF). Under normal circumstances the inflammatory process is then 

switched off via a negative feedback loop mechanism involving anti-inflammatory cytokines 

such as IL-10 and IL-11. When this does not occur, uncontrolled inflammation results, which 

in turn has been implicated in a variety of degenerative disorders, as well as in patients more 

severely affected following COVID-19 infection. 

 

A proportion of patients infected with COVID-19 are subject to uncontrolled inflammation, 

the so-called cytokine storm, which can result in multi-organ damage and failure, particularly 

in the lungs, heart, liver and kidneys. COVID-19 patients subject to such organ damage 

typically have sustained high circulating levels of IL-1, IL-6 and TNF [19]. One area of 

COVID-19 research which to date has received relatively little attention is the role of 

nutrients in the inflammation negative feedback loop. There is evidence that a number of 

nutrients, including CoQ10 and selenium [15], as well as vitamin D3 [20] and beta 1,3/1,6 

glucans [21], have important roles in mediating the inflammation negative feedback 

mechanism. There is also evidence that levels of these nutrients, especially selenium and 

vitamin D [22, 23], may be deficient in the UK population, particularly in the elderly, who 

may therefore be at increased risk of uncontrolled inflammation following COVID-19 

infection [24]. It follows that supplementation with these nutrients may reduce the risk of 

tissue damage resulting from uncontrolled inflammation in patients following COVID-19 

infection. In addition to the effect of aging, CoQ10 levels are also reduced by certain 

prescribed drugs (particularly statins), and in a variety of diseases [11]. 

 

 

5 Supplementation CoQ10 and selenium 

 

Several clinical studies have linked depleted CoQ10 levels and increased susceptibility to 

infection. Chase et al. reported significantly reduced serum CoQ10 levels in patients with 
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influenza compared to healthy control subjects [25]. In children hospitalised with pandemic 

influenza (H1N1), Kelekci et al. reported a significant correlation between depletion of serum 

CoQ10 levels and chest radiographic findings [26]. In a randomised controlled trial, elderly 

patients with pneumonia showed significantly improved recovery following administration of 

CoQ10 (200 mg/day for 14 days) compared to placebo [27]. 

 

In addition to the effect of aging, CoQ10 levels are also reduced by certain prescribed drugs 

(particularly statins), and in a variety of diseases [11]. In a clinical study by Israel et al., 

intake of CoQ10 was associated with a significantly reduced risk of hospitalisation from 

COVID-19 [28]. Moreno Fernández-Ayala et al. reviewed evidence for mitochondrial 

dysfunction as a key factor determining the severity of COVID-19 infection [29]. In 

particular the authors noted the increased susceptibility to COVID-19 infection in individuals 

over 65 years of age, the same age by which levels of endogenous CoQ10 have become 

substantially depleted. Similarly, Gvozdjakova et al. considered one of the main 

consequences of COVID-19 infection to be virus-induced oxidative stress causing mutations 

in one or more of the genes responsible for CoQ10 synthesis, in turn resulting in 

mitochondrial dysfunction [30]. Also of note is the computational study by Caruso et al., in 

which the authors identified CoQ10 as a compound capable of inhibiting the SARS-CoV-2 

virus, via binding to the active site of the main viral protease [31]. In addition to the effect of 

aging, CoQ10 levels are also reduced by certain prescribed drugs (particularly statins), and in 

a variety of diseases [11]. 

 

Selenium supplementation has been shown to modulate the inflammatory response in 

respiratory distress syndrome patients, by restoring the antioxidant capacity of the lungs, 

moderating the inflammatory responses through IL-1β and IL-6 levels, and significantly 

improving the respiratory mechanics [32]. In addition, Zhang et al. recently reported a link 

between regional selenium status and the reported recovery outcome in COVID-19 cases in 

China [33]. 

 

In a Swedish randomized placebo-controlled study, healthy elderly subjects low in selenium 

were given selenium supplementation combined with CoQ10. This supplementation was 

shown to reduce the non-specific inflammatory response as measured by plasma CRP and 

other biomarkers of inflammation, and also cardiovascular mortality [34, 35]. As severe 
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coronavirus infections are characterized by an overactive inflammation, this relief in 

inflammatory response by optimizing the selenium status is of considerable interest. 

 

 

6 Conclusions and future perspectives 

 

Because of the potential variability in quality of CoQ10 supplements, it is important to note 

that any CoQ10 used in clinical studies should be manufactured to pharmaceutical standards, 

and be of documented bioavailability in human subjects. When supplemental CoQ10 is first 

produced (via a yeast fermentation process), it is obtained in the form of crystals that cannot 

be absorbed from the digestive tract. It is essential that these crystals are dispersed into single 

CoQ10 molecules (and remain dispersed during the back pain/gall bladder product shelf-life) 

to enable optimum bioavailability. The absence of such crystal dispersion in supplemental 

CoQ10 formulations reduces bioavailability in human subjects by 75% [36]. 

 

Supplemental selenium is available in liquid form (with market authorisation) for injection, 

and in tablet form for oral ingestion. Dietary selenium deficiency can be prevented by taking 

supplemental selenium (100-200 g per day). It is important to note that selenium has a 

relatively narrow therapeutic window. Too high an intake of selenium can be potentially 

harmful, and the Department of Health recommend that the daily intake should not exceed 

350 g. Because of potential variability in the levels of selenium in supplements, it is 

important to take a selenium supplement manufactured to pharmaceutical standards. 

 

We conclude that the positive effects of CoQ10 and selenium supplementation on free radical 

induced oxidative stress and inflammation show promise in the treatment of patients with 

COVID-19 disease. This could be particularly important in the final months before the 

vaccines are rolled out to minimize the spread of this devastating virus and as a potential 

preventative measure for future epidemics and pandemics. 
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Fig. 1 Functions of coenzyme Q10 in the immune system 

 

Fig. 2 Min roles of selenium in the immune system 


