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Centro Andaluz de Biología del Desarrollo, Universidad Pablo de Olavide-CSIC, CIBERER, Instituto de Salud Carlos III, 41013 Sevilla, Spain   

A R T I C L E  I N F O   

Section Editor: Werner Zwerschke  

Keywords: 
COVID-19 
SARS-CoV-2 
Mitochondria 
Inflammaging 
Inflammation 
Cytokine storm 
Mitochondrial health 
Mitochondrial nutrients 
Mitochondrial turnover 

A B S T R A C T   

SARS-CoV-2 causes a severe pneumonia (COVID-19) that affects essentially elderly people. In COVID-19, 
macrophage infiltration into the lung causes a rapid and intense cytokine storm leading finally to a multi- 
organ failure and death. Comorbidities such as metabolic syndrome, obesity, type 2 diabetes, lung and cardio-
vascular diseases, all of them age-associated diseases, increase the severity and lethality of COVID-19. Mito-
chondrial dysfunction is one of the hallmarks of aging and COVID-19 risk factors. Dysfunctional mitochondria is 
associated with defective immunological response to viral infections and chronic inflammation. This review 
discuss how mitochondrial dysfunction is associated with defective immune response in aging and different age- 
related diseases, and with many of the comorbidities associated with poor prognosis in the progression of COVID- 
19. We suggest here that chronic inflammation caused by mitochondrial dysfunction is responsible of the 
explosive release of inflammatory cytokines causing severe pneumonia, multi-organ failure and finally death in 
COVID-19 patients. Preventive treatments based on therapies improving mitochondrial turnover, dynamics and 
activity would be essential to protect against COVID-19 severity.   

1. Introduction 

Coronavirus Disease 2019 (COVID-19) is a complex respiratory and 
thrombogenic disease caused by a new strain of coronavirus known as 
Severe Acute Respiratory Syndrome-Coronavirus 2 (SARS-CoV-2). Many 
of the patients infected with SARS-CoV-2 are asymptomatic or show low 
intensity symptoms. However, around 20% of the patients, mainly 
elderly people, manifest severe symptoms and high mortality ratio 
(Chen et al., 2020). COVID-19 predominant symptoms are high fever, 
intense cough, pneumonia and myalgia, mainly leading to acute respi-
ratory distress syndrome (ARDS) (Rothan and Byrareddy, 2020). Diar-
rhea and nausea can precede fever or respiratory symptoms (Huang 
et al., 2020). These symptoms can be aggravated in senior patients aged 
more than 70 years (Annweiler et al., 2020). 

ARDS associated with COVID-19 is reminiscent of the cytokine 
release syndrome (CRS)-induced ARDS caused by the first SARS-CoV 
and of the secondary hemophagocytic lymphohistiocytosis (sHLH) 
associated with the disease caused by Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV) (Moore and June, 2020). As in the case of 
SARS and MERS, the severity of COVID-19 also correlates with high 
levels of interleukin-6 (IL-6) and other proinflammatory cytokines (Chen 
et al., 2020; Ruan et al., 2020). This exaggerated innate immunity 

response is also associated with the severity of influenza infection in 
aged individuals (Chen et al., 2020) indicating its importance in the 
lethality by respiratory viruses. In fact, as in the case of COVID-19, 
adults over 65 show high vulnerability to influenza virus (McGuire, 
2019; Etard et al., 2020) indicating that age is the main factor in the 
severity of viral respiratory infections. 

Clinical severity of COVID-19 correlates with lymphopenia, low 
blood lymphocyte count and essentially with CRS, indicating a distur-
bance of the immunological function and an unbalanced immune 
response (Yang et al., 2020). Anti-cytokine therapies have been pro-
posed as therapeutic options to reverse hyper-inflammation and 
decrease COVID-19 severity (Roshanravan et al., 2020). Further, T cell 
exhaustion associated with dendritic cell dysfunction has been also 
associated with the immunopathology of COVID-19 (Zheng et al., 
2020a; Zheng et al., 2020b) and an active role of local SARS-CoV-2 
infected neutrophils and macrophages in inflammatory reactions has 
been recently proposed (Jafarzadeh et al., 2020). 

The severity of COVID-19 is associated with the dysfunction of the 
immune system found in aged individuals and recently, this aged im-
munity has been considered to exacerbate COVID-19 (Akbar and Gilroy, 
2020). Many of the age-associated diseases such as metabolic syndrome 
(MS), type 2 diabetes (T2D), obesity, hypertension and cardiovascular 
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diseases (CVD) also aggravate the severity of COVID-19 (Pirola and 
Sookoian, 2020; Zheng et al., 2020c). The deterioration of the immune 
system associated with aging is called immunosenescence (Currie, 
1992), which is defined as the gradual deterioration of the immune 
system associated with the natural age progression (De Martinis et al., 
2007; Pangrazzi and Weinberger, 2020). Immunosenescence is key in 
the deteriorated immune response against viral infections. This 
restricted immune response prevents successful inhibition of viral 
spread at early stages of infection exacerbating morbidity and mortality 
in this population (Jing et al., 2009; Montecino-Rodriguez et al., 2013). 
Importantly, aging is also associated with a proinflammatory profile 
known as “inflammaging” (Franceschi et al., 2017). In inflammaging, 
activated cells such as microglia and macrophages or dendritic cells 
increase the activity of nuclear factor kappa light chain enhancer of 
activated B-cells (NF-κB), cyclooxygenase-2 (COX-2) and inducible ni-
tric oxide synthase (iNOS), leading to the release of proinflammatory 
cytokines such as interleukin 6 (IL6), IL1β, and tumor necrosis factor 
alpha (TFNα) among others (Dantzer et al., 2008; Agostinho et al., 
2010). This chronic inflammation has been associated with the inhibi-
tion of antigen-specific immunity and the low response of aged people to 
vaccines (Akbar and Gilroy, 2020; Parmigiani et al., 2013). 

Deterioration of mitochondrial function is key in the progression of 
aging and age-related diseases (Lopez-Lluch et al., 2015). Mitochondrial 
dysfunction is also involved in the deterioration of the immune system 
being a key factor in inflammaging, higher susceptibility to viral in-
fections and impaired T cell immunity found in aged people and in age- 
associated diseases (McGuire, 2019). In the present review, we show 
evidence indicating that mitochondrial dysfunction is a key factor for 
the severity of COVID-19 disease and for triggering the cytokine storm 
associated with the devastating symptoms that collapse lungs and lead 
to death to COVID-19 patients. Improvement of mitochondrial activity 
in the elderly would serve as preventive therapy to improve the immune 
response and reduce mortality caused by this disease and other viral 
respiratory diseases such as influenza. 

2. Mitochondrial dysfunction and aging 

The highest severity of COVID-19 is found in aged male patients and 
suffering overweight or obesity (Mauvais-Jarvis, 2020). Mitochondrial 
dysfunction is deeply associated with two of these factors, aging and 
obesity (Lopez-Lluch, 2017b). Mitochondria are essential for many key 
activities in cells involved not only in energy production but also in the 
synthesis of nucleotides, modification of membrane phospholipids and 
regulation of calcium homeostasis. Further, dysfunctional mitochondria 
are the main sources of reactive oxygen species (mtROS) that increase 
oxidative damage during aging and metabolic diseases (Lopez-Lluch 
et al., 2018). The accumulation of damaged mitochondria by disruption 
or malfunction of different nutrient sensor mechanisms in the cells is a 
hallmark aging and metabolic syndrome including obesity (Lopez-Lluch 
et al., 2018). 

Age-related mitochondrial dysfunction is also a consequence of the 
unbalance of mitochondrial dynamics, mito/autophagy and biogenesis, 
producing the accumulation of damaged mitochondria (Lopez-Lluch, 
2017a, 2017b; Lopez-Lluch et al., 2015). Defective autophagy is 
involved in aging progression and in the pathophysiology of many 
metabolic and age-related diseases affecting different organs and tissues 
(Evans et al., 2017; Y.H. Lee et al., 2019; Lin et al., 2019; Yamaguchi, 
2019). The accumulation of deficient mitochondria through a decrease 
in mitochondrial turnover has been associated with many age-related 
diseases including not only metabolic diseases (Natarajan et al., 
2020), but also cardiovascular (Shemiakova et al., 2020) and neurode-
generative diseases (Wu et al., 2019) sarcopenia (Shally and McDonagh, 
2020) or cancer (Moro, 2019) among others. Furthermore, many pro-
longevity effectors induce autophagy as a common denominator of their 
respective anti-aging effect (Stead et al., 2019). 

In the case of metabolic syndrome, a key factor in COVID-19 severity 

(Stefan et al., 2020), mitochondrial dysfunction is key in the increase of 
insulin resistance associated with type 2 diabetes connected with the 
increase of mutations in mtDNA, changes in ATP levels, generation of 
ROS and unbalanced mitochondrial turnover (Skuratovskaia et al., 
2020). The metabolic inflexibility caused by the accumulation of 
damaged mitochondria in both, metabolic syndrome and aging, pro-
duces an inadequate metabolic substrate disposal affecting glucose and 
free fatty acid metabolism that is associated with a cluster of metabolic 
abnormalities that affects many organs and tissues including immune 
cells (Chakravarthy and Neuschwander-Tetri, 2020). 

Immunosenescence has been described as the aged-dependent dete-
rioration of the immune system (Currie, 1992), and as the adaptation of 
the immune system to deteriorative changes over the time (De Martinis 
et al., 2007). Whatever it is, immunosenescence, as many other physi-
ological dysfunctions in aging, has been partially associated with 
dysfunctional mitochondria (McGuire, 2019). Mitochondrial dysfunc-
tion associated with a defective mitochondrial turnover can specially 
affect T-helper CD4+ lymphocytes that control the whole immune 
response (Bektas et al., 2019). On the other hand, dysfunction of mito-
chondria produces deterioration of T-cell activity that, in a vicious cycle, 
increases senescence in many other tissues by activating cytokine storm 
(Desdín-Micó et al., 2020). 

Importantly, several inflammatory disorders associated with aging 
and mitochondrial dysfunction such as neurodegenerative diseases, 
diabetes and atherosclerosis among others, with a clear proin-
flammatory profile has been associated with the chronic aberrant NLRP3 
inflammasome activation (Kelley et al., 2019). Interestingly, the rela-
tionship of mitochondrial dysfunction with inflammation increases just 
after the fifth decade of life, just when COVID-19 shows a rise in its 
severity and mortality (McGuire, 2019). Thus, it seems clear that 
mitochondrial dysfunction is an important factor in the proin-
flammatory profile caused by the release of inflammatory cytokines 
produced by activation of NLRP3 inflammasome and other mechanisms 
over-activated in aging and in metabolic diseases. 

3. Mitochondrial dysfunction in inflammatory response 

The response of the immune system is very complex and depends on 
the type of pathogen or agent to be blocked (Justiz Vaillant and Jan, 
2020). Many factors influence the immune response and one of them is 
mitochondria, that has been strongly associated with the activity of the 
innate response (Sandhir et al., 2017). Inflammatory response depends 
on the innate immunity that is strongly affected by dysfunctional 
mitochondrial activity (Missiroli et al., 2020) (Fig. 1). 

Many different pathogens are recognized through their repetitive 
molecular signatures by pattern recognition receptors (PRRs). These 
receptors are present on the cell surface and in intracellular compart-
ments of innate cells. Their main receptors are Toll-like receptors 
(TLRs), retinoic acid-inducible gene I-like receptors (RLRs), nucleotide 
oligomerization domain receptors (NLRs) and cytosolic DNA sensors 
(cyclic GMP-AMP synthase (cGAS) and Stimulator of interferon genes 
(STING)) (Thompson et al., 2011). These receptors are activated by 
pathogen-associated molecular patterns (PAMPs) and also by damage- 
associated molecular patterns (DAMPs) (Tang et al., 2012). PAMPs are 
found in pathogens, whereas DAMPs are produced into the cells during 
stress, ROS release, apoptosis or necrosis and mainly induce inflamma-
tory response. In this response, NLRP3 (NLR family, pyrin domain 
containing 3) inflammasome triggers the activation of Caspase 1 
(CASP1) and activates the secretion of proinflammatory cytokines such 
as IL1β and IL18 (Zhao and Zhao, 2020). 

Mitochondrial dysfunction plays an essential role in the activation of 
NLRP3 since DAMPs can be released especially by damaged mitochon-
dria (Janeway and Medzhitov, 2002). To date, many mitochondrial 
DAMPs have been identified: cardiolipin, n-formyl-peptides, mitochon-
drial transcription factor A (TFAM), mitochondrial ROS (mtROS) and 
mitochondrial DNA (mtDNA) because they mimic bacterial structures 
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(McGuire, 2019). These DAMPs can also act independently of NLRP3. 
TFAM activates immune cells through interaction with receptors of 
advanced glycation end products (RAGE) and TLR9 (Julian et al., 2013). 
The release of mtDNA from dysfunctional mitochondria has been also 
associated with the rise of NLRP3-independent proinflammatory cyto-
kines such as TNFα, IL6, regulatory upon activation, normal T-cell 
expressed and secreted (RANTES, CCL5) or interleukin 1 receptor 
antagonist (IL1RA) (Pinti et al., 2014). 

The release of mtROS is key in the activation of the inflammatory 
immune response and in aging progression (De la Fuente and Miquel, 
2009). The increase of the release of mtROS produced by mitochondrial 
dysfunction during aging can be responsible of the maintenance of a 
chronic state of inflammation that would reduce longevity and affect 
many of age-related diseases in a theory of aging known as oxi- 
inflammaging (De la Fuente and Miquel, 2009). This increase in the 
oxidative damage produced in immune cells have been associated with 
immunosenescence, the deterioration of immune system during aging 
(Garrido et al., 2019). 

Oxidative stress produced by mitochondrial dysfunction is an 
essential factor in the appearance of “inflammaging”, the chronic 
inflammation profile associated with aging (Franceschi and Campisi, 
2014). This chronic inflammation profile is caused, at least in part, by 
the accumulation of damaged macromolecules during aging by both, the 
increase of oxidative stress and/or by inadequate elimination due to 
autophagy decline (Franceschi and Campisi, 2014). The hallmarks of 
inflammaging are chronic and high levels of inflammatory biomarkers 
such as C-reactive protein or IL6 (Franceschi and Campisi, 2014). Acti-
vated cells such as glia, macrophages or dendritic cells suffer the over-
activation of NF-κB, COX-2 and iNOS leading to the release of 
proinflammatory cytokines such as IL6, IL1β, TNFα and also the release 
of mtROS (Agostinho et al., 2010). As strategy, many prolongevity ef-
fectors that reduce the release of mtROS would be used to reduce the 
inflammatory profile through improvement of mitochondrial activity 
(De la Fuente et al., 2011). 

Apart of the activation of NLRP3, high levels of mtROS are also 
involved in other immunological mechanisms involved in inflammation 
such as hypoxia inducible factor 1 alpha (HIF1α) and NF-κB (Brunelle 
et al., 2005). Activation of HIF1α by mtROS can induce the expression of 

one of its gene targets, the cytokine IL1β resulting in a proinflammatory 
phenotype (McGettrick and O’Neill, 2020; Tannahill et al., 2013). On 
the other hand, mtROS induce NF-κB-dependent inflammation (Herb 
et al., 2019), although in a regulatory feedback, induction of NF-κB by 
mtROS can also act as a signal to induce the removal of dysfunctional 
mitochondria that would reduce inflammation (Zhong et al., 2016). 
Furthermore, the response of NK cells to IL2 is defective in old in-
dividuals in an effect associated with the increase of oxidative stress 
caused by defective mitochondria (Miranda et al., 2018). 

On the other hand, many studies have shown the relationship of 
defective mito/autophagy processes with the inflammatory profile 
associated with aging. Disruption of mitochondrial turnover contributes 
to the accumulation of damaged mitochondria and higher mtROS pro-
duction that aggravates proinflammatory processes contributing to the 
impairment of the progression of different age-related diseases (Caruso 
et al., 2009) accordingly with the oxy-inflammaging theory. In the 
Baltimore Longitudinal Study on Aging, the accumulation of under- 
degraded mitochondria in autophagosomes of CD4+ T cells indicates 
the accumulation of dysfunctional mitochondria by deficiency of auto-
phagy, which was associated with chronic inflammation in the elderly 
(Bektas et al., 2019). Chronification of local inflammation in athero-
sclerosis has been also associated with defective mitophagy in aged in-
dividuals (Orekhov et al., 2020). 

On the contrary, several studies have demonstrated that improving 
mitochondrial turnover contributes to the decrease of inflammation and 
restoration of the activity of the immune system. Restoration of mito-
chondrial turnover through induction of mito/autophagy, suppress the 
inflammatory response by inhibiting NLRP3 activation in different 
models of sepsis (Kim et al., 2016). Removal of damaged mitochondria 
through activation of autophagy in murine macrophages protects 
against inflammation induced by alcohol in liver (Liang et al., 2019). In 
influenza infection, decrease of mtROS reduced inflammation, neutro-
phils infiltration and virus load without affecting B and T cell activities 
(To et al., 2020). In a recent review, Xu et al. (2020) summarize the 
accumulated evidence that implicates the elimination of dysfunctional 
mitochondria with the maintenance of the immune system during aging. 

Therefore, we can speculate that the accumulation of dysfunctional 
mitochondria could be partially behind the high mortality rate by 

Fig. 1. Mitochondrial dysfunction associated with aged 
mitochondria reduces the efficiency of immune system. 
The accumulation of mitochondrial damage together with 
the reduction of the efficiency in the production of energy 
affects immune system capacity by reducing the capacity 
to respond to viral infections through a lower release of 
IFN-I. Aged mitochondria is also involved in the unbal-
ance of immune system by increase of innate response and 
decrease of the adaptive response found in immunose-
nescence. Mitochondrial dysfunction releases many dam-
age signals to cytosol that end in the activation of 
inflammasome and the release of inflammatory cytokines 
that cause the chronic inflammation associated with aging 
and age-related diseases.   
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COVID-19 in the elderly mainly due to mitochondrial insufficiency in 
senescent macrophages and lymphocytes that produce an exacerbated 
inflammatory response (Fig. 2). 

4. Role of mitochondria in antiviral response 

Mitochondrial dysfunction affects the activity of the immune system 
against virus infection. The release of interferon alpha (IFNα) and β (IFN 
type I (IFN-I)) is essential for antiviral response since these cytokines 
limit viral replication, improve antigen presentation and promote 
antigen-specific T and B response. Mitochondrial antiviral signaling 
(MAVS) participates in the expression of IFN-I (Akiyama et al., 2014). 
MAVS is a 56 kDa protein located on the outer membrane of mito-
chondria, peroxisomes and mitochondria associated membrane (MAMs) 
in endoplasmic reticulum. MAVS aggregates following retinoic acid- 
inducible gene (RIG-I) and melanoma differentiation associated factor 
5 (MDA-5) binding (McGuire, 2019) and serves as scaffold to recruit TNF 
receptor associated factors (TRAFs). This process results in the phos-
phorylation of interferon-regulatory factors (IRFs) and its translocation 
to the nucleus to induce the synthesis of IFN (Lazear et al., 2013). 

The activity of MAVS depends upon intact mitochondrial membrane 
potential and OXPHOS activity (Koshiba et al., 2011) suggesting that 
damaged mitochondria impair MAVS activity. However, if this rela-
tionship is associated with the deficient response to viral infections 
during aging, especially to respiratory infections (Haq and McElhaney, 
2014), remains to be clarified, although some studies suggest a direct 
relationship. Silencing MAVS expression through RNA interference 
abolishes the activation of NF-κB and IRF3 in response to viral infection, 
permitting viral replication (Seth et al., 2005). Further, aged monocytes 
showing impaired mitochondrial respiratory capacity (Pence and Yar-
bro, 2018), suffer a decrease in the activation of IRF3 and 7 suggesting a 
link between mitochondrial dysfunction, MAVS malfunction and 
decrease of IFN-I release (Molony et al., 2017). Recently, MAVS- 
dependent signaling has been revised in deep in the immune response 
against emerging RNA viruses such as Ebola, Zika, Influenza A virus or 
SARS-CoV converting mitochondria as central hub of the response 
against these and other viruses (Dutta et al., 2020). 

Another important process to be taken into consideration is that 
infection by virus also promotes mtROS increase. As has been demon-
strated in the previous section, mtROS drive innate immune inflamma-
tion that exacerbates viral pathogenesis (To et al., 2020). This can be 
accompanied by the fact that many viruses produce modifications in 

mitochondrial activity that reduce the capacity of cells to induce IFN-I- 
dependent antiviral responses (Anand and Tikoo, 2013). Further, viruses 
show increased replication efficiency in senescent cells with low mito-
chondrial capacity, suggesting that accumulation of senescent cells, 
containing high levels of dysfunctional mitochondria, during aging and 
age-related diseases may promote the progression of virus infection 
(Malavolta et al., 2020). In the case of COVID-19, antivirus response of 
the immune system is compromised by a low release of type I and III IFN 
accompanied by high expression of proinflammatory cytokines (Blanco- 
Melo et al., 2020). This unbalanced response could be associated with 
the accumulation of damaged mitochondria in aging and obesity that 
strongly affect antiviral immunological response (Tavernarakis, 2020). 

T lymphocytes are key in the protection against virus infections. The 
activation of lymphocytes also depends on the mitochondrial activity. 
After T-cell receptor stimulation, substantial changes required for T-cell 
activation occurs in metabolism including mitochondrial OXPHOS 
activation (Tarasenko et al., 2017). T cell proliferation and activation 
require ATP produced by mitochondrial activity to promote the increase 
of glycolysis (van der Windt et al., 2013) and reprogrammation of the 
whole metabolism (Chang et al., 2013). This reprogrammation of the 
metabolism is essential to support TCR signaling and nucleic acid syn-
thesis needed for the transition of quiescent T-cells to the proliferative 
state (Ron-Harel et al., 2016; Weinberg et al., 2015). 

OXPHOS activity is also essential in the reactivation of memory 
CD8+ T-cells. These cells have high respiratory capacity and high 
mitochondrial mass that allow them to rapidly reactivate after recog-
nition of cognate antigens (van der Windt et al., 2013). The decline of 
OXPHOS in these cells is manifested as impaired immune memory 
(Goronzy and Weyand, 2017) and loss of capacity to quickly respond to 
secondary infections. 

It seems clear that mitochondrial activity is essential for the appro-
priate response of lymphocytes against virus infections and the accu-
mulation of damaged mitochondria in these cells will impair defense 
against these infections. 

5. Age-related coenzyme q depletion and immune system 

Coenzyme Q10 (CoQ10) is an essential component of the mitochon-
drial OXPHOS and antioxidant in cell membranes and its depletion is 
associated with severe mitochondrial-diseases (Lopez-Lluch et al., 
2010). It is known that levels of CoQ decrease in many tissues and or-
gans during aging (Kalen et al., 1989). Taken into consideration the 

Fig. 2. Age-related mitochondrial dysfunction increases 
the inflammatory response to SARS-CoV-2. The activation 
of the inflammasome caused by mitochondrial dysfunc-
tion during aging and age-related diseases contributes to 
the chronic inflammation and the release of inflammatory 
cytokines in the elderly. This system produces a vicious 
cycle that feed the activity of the inflammasome. When 
SARS-CoV-2 invades the organism, macrophages showing 
a high activity of inflammasome can enhance the release 
of inflammatory cytokines generating the characteristic 
cytokine storm associated with COVID-19.   
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important role of mitochondria in immunosenescence and inflammag-
ing, a reduction of CoQ10 levels in immune cells could impair the pro-
gression of immune system unbalance and increase the low grade 
inflammatory profile found in the elderly. 

The decrease of CoQ levels during aging also affects thymus (Bliz-
nakov et al., 1978), and mitochondrial activity of CoQ10 has been 
considered essential for the optimal function of the immune system 
(Folkers and Wolaniuk, 1985). Thus, we can postulate that this age- 
related CoQ10 decrease can be also partially responsible of the unbal-
ance of the immune system found in immunosenescence and inflam-
maging. However, no studies have been performed to directly associate 
CoQ10 depletion and inflammaging or immunosenescence although in-
direct studies seems to indicate a direct relationship (Novoselova et al., 
2009). CoQ10 supplementation improves the activity of the immune 
system in infections. CoQ10 as other natural occurring antioxidants such 
as α-tocopherol reduce the LPS-induced inflammatory response in mice 
in a model of acute inflammation by modulating the activation of the 
NF-κB signaling pathway (Novoselova et al., 2009). On the other hand, 
supplementation with CoQ10 reduces the levels of the proinflammatory 
cytokine IL17 and the levels of anti-inflammatory cytokines in a mice 
model of colitis (Lee et al., 2017). The effect was associated with the 
activation of the AMPK and FOXP3 regulatory pathways involved in 
mitochondrial turnover. The same anti-inflammatory response was 
found in graft vs. host disease (Lee et al., 2016). Further, in a model of 
carrageenan-induced inflammation in the air pouch, CoQ10, in combi-
nation with the known immunomodulator β-glucan, reduced leukocyte 
infiltration in lung, nitrite and proinflammatory cytokines IL1α and β 
levels (Vetvicka and Vetvickova, 2018). In humans, CoQ10 supplemen-
tation significantly lower inflammation markers in individuals with 
metabolic syndrome (Dludla et al., 2020) or with diabetic nephropathy 
(Heidari et al., 2018). CoQ10 supplementation also reduces the proin-
flammatory marker, β-defensin 2 (hBD2) indicating a reduction in in-
flammatory status associate with diabetes (Brauner et al., 2014). On the 
other hand, a recent meta-analysis has demonstrated that CoQ10 sup-
plementation increases antioxidant defences although did not affect 
inflammatory cytokines in patients with coronary artery disease (Jorat 
et al., 2019). On the other hand, another systematic review and meta- 
analysis about the effect of CoQ10 in markers of inflammation 
involving nine trials and 428 subjects, demonstrated that CoQ10 sup-
plementation significantly decreased TNFα although, in this case, did 
not affected IL6 levels (Zhai et al., 2017). Probably these discrepancies 
are mainly due to the type of disease and the supplementation proced-
ures and further studies and clinical trials are needed to clarify the role 
of CoQ10 supplementation in chronic inflammation. 

We have also found that CoQ10 primary deficiency produces a 
change in the transcriptomic profile in cells, that acquire a defensive 
phenotype (Fernandez-Ayala et al., 2013). Among the gene ontology 
pathways repressed in primary CoQ10 deficiency, many immune genes 
and immunity-related gene ontology pathways were found down-
regulated, like the cellular signaling mechanisms that respond to IFNα 
and, in general, to IFN-I. On the other hand, the mechanisms repressed 
were those associated with negative regulation of viral genome repli-
cation and viral reproduction, cytokine mediated signaling pathways 
and other pathways in immune system response (Fernandez-Ayala et al., 
2013). All these pathways indicate a key role of CoQ10 in antiviral de-
fense and have been associated with immunosenescence and with the 
severity of COVID-19. 

All these studies indicate the importance of CoQ10 in the activity of 
mitochondria and their effect on the immune system and on inflam-
mation. For this reason, reduction of the levels of CoQ10 in leukocytes 
during aging could be considered a key factor in age-related chronic 
inflammation and an important factor for the severity of COVID-19. The 
study of the relationship of CoQ10 levels in leukocytes and COVID-19 
severity and even other respiratory diseases such as flu could clarify 
this hypothesis and provide clues to use CoQ10 as supplement to improve 
immune system activity in the elderly. 

6. COVID-19, cytokine storm and interferon signal 

The lethality of COVID-19 depends of a systemic hyper-inflammation 
known as cytokine storm or macrophage activation syndrome (MAS) 
(Bektas et al., 2020). The worst prognosis in the disease caused by SARS- 
CoV-2 virus occurs in patients with adult respiratory distress syndrome 
(ARDS) (Grasselli et al., 2020). Although with some differences with the 
ARDS produced by SARS-CoV, an extremely powerful inflammation 
during the latter phase of the disease is the main cause of ARDS- 
mediated death (Grasselli et al., 2020) in COVID-19 as it was in the 
case of SARS (de Wit et al., 2016). In cytokine storm, immune and non- 
immune cells release large amounts of proinflammatory cytokines that 
generates a great distortion in the immune response. To date, the 
proinflammatory activity of lung macrophages seems to be the main 
responsible of the trigger of cytokine storm in patients of COVID-19 
(Pagliaro, 2020). Furthermore, the enormous release of proin-
flammatory cytokines is responsible of the exaggerated internal in-
flammatory processes suffered by survivors of the acute phase of the 
disease (Bektas et al., 2020). 

A persistent inflammation caused by over-activation of the innate 
immune system leads to cytokine storm and ARDS (Teijaro et al., 2014). 
In the case of COVID-19, blood plasma shows significant high levels of 
proinflammatory cytokines such as IL6, IL1β, IL1RA, IL7, IL8, TNFα, 
several chemokines such as CXCL9 and CXCL16, chemoattractant for T 
and NK cells, CCL8 and CCL4, which recruit monocytes/macrophages, 
and CXCL8, a classic neutrophil chemoattractant (Proudfoot, 2002). IL2, 
IL7, IL10, TFNα, Granulocyte colony-stimulating factor (GCSF), and the 
chemokines Interferon gamma-induced protein 10 (IP10, CXCL10), 
Monocyte chemoattractant protein 1 (MCP1, CCL2), Macrophage In-
flammatory Proteins (MIP1α, CCL3) have been associated with the pa-
tients that need intensive care, indicating the relationship of 
inflammatory cytokines and chemoattractants of monocytes and neu-
trophils with the severity of the disease (Rothan and Byrareddy, 2020). 

Another feature of COVID-19 severity is a defective IFN-I response. 
Analysis performed in postmortem samples from COVID-19 positive 
patients, show enrichment in innate and humoral responses, but no of 
antiviral type I and III interferons (IFN-I or IFN-III) (Blanco-Melo et al., 
2020). In vitro studies have demonstrated that replication of the virus is 
sensible to IFN-I since treatment of cells with IFNβ resulted in a dramatic 
reduction of virus title (Blanco-Melo et al., 2020) and a recent clinical 
study indicates that treatment with IFNβ1 can reduce the mortality in 
severe COVID-19 patients (Rahmani et al., 2020). Lower activity of IFN-I 
also correlates with the increase in the recruitment of inflammatory 
monocyte-macrophage populations, one of the hallmarks of the infec-
tion with SARS-CoV (Channappanavar et al., 2016) and probably asso-
ciated with the cytokine storm involved in COVID-19. In fact, a study 
carried out in different COVID-19 patients from different countries 
found a common denominator in a high proinflammatory signal from 
myeloid cells together with a low production of IFNα from dendritic cells 
(Arunachalam et al., 2020). In general, we can then consider that SARS- 
CoV-2 infection produces a unique and inappropriate inflammatory 
response characterized by the release of low levels of the anti-viral type I 
and III interferons (IFN-I and III) and high levels of CXCLs and IL6 
(Blanco-Melo et al., 2020). 

For coronaviruses, the key pattern recognition in macrophages de-
pends on TLR7, which is activated by viral RNA in endosomes (Cer-
vantes-Barragan et al., 2007). Activation of TLR7 is needed for the 
production of INFα (IFN-I), IL12 and IL6. This response is required for 
the production and activation of CD8+ T-cells, CD4+ and B lymphocytes 
(Zhou et al., 2017). Another pathways involved in this response the 
RLRs, MDA-5 and laboratory of genetics and physiology 2 (LGP2), which 
recognize cytosolic viral RNA (Zust et al., 2011) and the cGAS-STING 
pathway, which recognizes cytosolic DNA (Sun et al., 2013). 

Activation of all these pathways induce a signaling cascade leading 
to the expression of IFN-I and other inflammatory cytokines. However, 
in the case of infection with coronaviruses, some papain-like proteases 
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block TLR7 (Li et al., 2016) and STING-dependent signaling (Sun et al., 
2012) probably downregulating the activation of IRFs and blocking the 
early transport of IRFs to the nucleus (Roth-Cross et al., 2007; Spiegel 
et al., 2005). The importance of the TLR7 signal pathway has been very 
recently highlighted by the fact that several young patients suffering 
severed COVID-19 and death showed loss-of-function variants of the 
TLR7 gene affecting downstream IFN-I signaling (van der Made et al., 
2020). The same relationship has been found in patients with TLR3 and 
IRF7 loss-of function mutations partially explaining the great differences 
in the response to the virus (Zhang et al., 2020). To this scenario, we 
have also to add the production of autoantibodies against different forms 
of IFN-I in some of the more severe COVID-19 patients (Bastard et al., 
2020) indicating the importance of a correct IFN response in survival to 
this disease. 

Importantly, cytotoxic CD8+ T-cells requires mitochondrial- 
mediated IFN-I signaling for optimal protection. Activated naïve CD8+
T cells require the increase of mitochondrial mass and activation of 
mitochondria to produce IL2 and TNFα, IFNγ (IFN-II) and other medi-
ators (Fischer et al., 2018). In a model of viral choriomeningitis infection 
in mice, the mitochondrial cyclophilin D was essential to produce IFN-I 
and maintain survival of CD8+ T-cells (Condotta et al., 2020). On the 
other hand, high IL6 levels inhibit CD8+ cytotoxic T-cells by blocking 
the secretion of IFNγ (Ahmadpoor and Rostaing, 2020), paralyzing yet 
more the cell-mediated antiviral response during cytokine storm 
(Velazquez-Salinas et al., 2019). 

7. COVID-19-severity risk factors are associated with 
mitochondrial dysfunction 

Accumulation of abnormal mitochondria contributes to aging and 
age-related and metabolic diseases, including metabolic syndrome, 
cancer, neurodegenerative disease, type II diabetes, etc. (Lopez-Lluch, 
2017b). COVID-19 severity is linked to several previous pathological 
situations mainly, hypertension, diabetes and coronary heart disease, 
lung diseases, metabolic syndrome and obesity, and, importantly, older 
age (Engin et al., 2020; Zaki et al., 2020; F. Zhou et al., 2020). In all these 
diseases, mitochondrial dysfunction plays a very important role (Her-
nandez-Camacho et al., 2018; Lopez-Lluch, 2017b; Lopez-Lluch et al., 
2018). Moreover, most of them are associated with a pro-inflammatory 
profile in which mitochondrial dysfunction plays an essential role 
(Guerrero-Ros et al., 2020; Maddaloni and Buzzetti, 2020; McMaster 
et al., 2015; Prasun, 2020). The direct relationship between mitochon-
drial dysfunction and comorbidities associated with COVID-19 severity 
helps to understand the importance of maintaining mitochondrial health 
in the progression and severity of COVID-19. Following, we briefly 
summarize the relationship of these comorbidities with mitochondria 
and COVID-19 progression. 

7.1. Diabetes 

Although the relationship between diabetes mellitus and severe 
complications in COVID-19 are not completely clear, levels of proin-
flammatory cytokines in plasma in this disease have been associated 
with the severity of COVID-19 infection (Roy et al., 2020). The phago-
cytic activity of professional phagocytic cells including macrophages 
and the innate cell-mediated immunity is impaired in diabetic patients 
(Ma and Holt, 2020). Diabetic patients also show elevated proin-
flammatory cytokines levels such as IL1β, IL6 and TNFα, the same cy-
tokines induced by mitochondrial dysfunction (Geerlings and 
Hoepelman, 1999; Maddaloni and Buzzetti, 2020; Pal and Bhansali, 
2020). In these patients, mtROS induces lysosomal dysfunction that 
impairs autophagic flux and contributes to M1 macrophage polarization 
to the inflammatory phenotype (Yuan et al., 2019). It seems clear that, 
mitochondrial dysfunction in diabetic patients contributes importantly 
to the low-grade inflammatory profile associated with this disease that is 
aggravated during aging and has been associated with higher severity in 

COVID-19 infection. 

7.2. Obesity 

One of the main risk factors in COVID-19 disease is obesity (Kwok 
et al., 2020). This relationship has been associated with a proin-
flammatory profile and metabolic dysregulation causing severe symp-
toms and complications such as hypercoagulopathy (Pasquarelli-do- 
Nascimento et al., 2020). Regarding mitochondrial activity, lipid chal-
lenge in obesity causes dysregulation of the immune response. High 
levels of fatty acids inhibit the activity of CD4+ T-cells in an effect linked 
to the malfunction of autophagosome formation and mitochondrial 
degradation (Guerrero-Ros et al., 2020). This disruption blocks mito-
chondrial turnover accompanied by the increase in mitochondrial ROS 
and decrease in ATP levels as hallmarks of mitochondrial dysfunction 
(Guerrero-Ros et al., 2020). Other studies have demonstrated that al-
terations in lipids and high-fat loading interfere in autophagic process 
and contribute to the accumulation of damaged mitochondria (Koga 
et al., 2010; Rodriguez-Navarro et al., 2012). 

7.3. Hypertension 

Hypertension is another main risk factors in COVID-19 infection. In 
this relationship, inflammation also contributes importantly to the 
pathogenesis since inflammation impairs hypertension control (Mischel 
et al., 2015) and hypertension induces the release of inflammatory cy-
tokines in vascular tissues (McMaster et al., 2015). Proinflammatory 
cytokines such as IL17, IL6, TNFα and IFNγ, are found in high levels in 
hypertensive patients (McMaster et al., 2015). In this process, mito-
chondrial dysfunction plays also a very active role. Mitochondrial 
dysfunction in macrophage population strongly contributes to the M1/ 
M2 unbalance favoring the activity of pro-inflammatory M1 macro-
phages. Hypertension associated with obesity and other metabolic fac-
tors induces the unbalance of macrophage population increasing the 
amount and activity of M1 and decreasing the function of the anti- 
inflammatory and respiratory M2 macrophages (Mouton et al., 2020). 

On the other hand, improvement of mitochondrial activity reduces 
inflammation associated with hypertension. Dihydrofolate reductase KO 
mice suffers hypertension and abdominal aortic aneurism after infusion 
with angiotensin II. In these mice, scavenging of mtROS completely 
abrogates the development of hypertension and aneurism indicating the 
importance of mitochondrial dysfunction in these processes (Li et al., 
2019). Moreover, mitochondrial Sirt3 depletion induces vascular 
inflammation and oxidative stress in hypertension whereas its over-
expression reduces vascular dysfunction (Dikalova et al., 2020). Further, 
pharmacological restoration of mitophagy reduces hypertension-related 
stroke occurrence (Forte et al., 2019). All these studies indicate the 
importance of mitochondrial activity in the control of hypertension and 
probably in the response to COVID-19. 

7.4. Metabolic syndrome 

Severity of COVID-19 increases also in patients suffering metabolic 
syndrome (MS) (Bansal et al., 2020). MS is considered as the co- 
occurrence of obesity, dyslipidemia and hypertension, main factors for 
COVID-19 severity (Zaki et al., 2020). Obesity and MS patients show a 
very compromised immune system (Andersen et al., 2016), even 
affecting lymphocytes populations (Rodríguez et al., 2018), that 
decrease the response of the organism to vaccines such as influenza and 
other viral infections (Frasca and Blomberg, 2020). 

In MS, mitochondrial dysfunction contributes very importantly to 
oxidative stress and systemic inflammation (Prasun, 2020). Mitochon-
drial abnormalities are also associated with cardiac contractile 
dysfunction occurring in obesity, type 2 diabetes and insulin resistance 
associated with MS (Bugger and Abel, 2008). In this relationship, 
mitochondrial stress and unfolded protein response (mtUPR) play a key 
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role (Hu and Liu, 2011). In fact, the use of therapies focussed to improve 
the capacity of mitochondria to reduce stress damage and decrease 
mtUPR are considered an effective approach to avoid mitochondrial 
dysfunction associated with many of the physiological disorders asso-
ciated with MS (Hu and Liu, 2011). Further, as strategy for the treatment 
of MS, enhancing mitochondrial biogenesis through pharmacological 
and non-pharmacological approaches and increase of antioxidant ca-
pacity has been recently proposed (Prasun, 2020). 

7.5. Cardiovascular disease 

Another of the main groups in risk for suffering severe COVID-19 is 
composed of individuals suffering cardiovascular disease (CVD) (Nish-
iga et al., 2020). CVD is strongly aggravated by MS, hypertension, 
obesity and diabetes; therefore, all the indications above indicated for 
these diseases can be applied also to CVD. Hypertrophy, fibrosis and 
inflammation are common denominators of aged cardiovascular system, 
and all of them are accompanied by the accumulation of dysfunctional 
mitochondria due to mito/autophagy decline among other factors 
(Morciano et al., 2020). Accumulation of dysfunctional mitochondria in 
CVD by a shift or mitochondrial dynamics to fission indicates the 
importance of a right mitochondrial equilibrium in the progression of 
this disease (Cooper et al., 2020). On the other hand, induction of 
Peroxisome Proliferator-Activated Receptor Gamma Coactivator-1a 
(PGC1a), a widely known transcription factor that induces mitochon-
drial biogenesis and turnover, protects heart against oxidative stress, 
microcirculation and mitochondrial dysfunction (Arad et al., 2020). 

Again, the relationship between inflammation and mitochondrial 
dysfunction seems to play an essential role in the progression and 
severity of CVD in elderly people (Ferrucci and Fabbri, 2018). Thera-
peutic agents and interventions targeting mitochondria decreasing 
mtROS production have been extensively studied improving the pro-
gression of CVD (Veloso et al., 2019). Cardioprotective signaling path-
ways seems to converge on mitochondria especially to prevent 
inflammatory injury associated with CVD (Koenitzer and Freeman, 
2010). Further, mitochondrion-targeted antioxidants show car-
dioprotective effects linked to reduction of NF-κB signaling and reduc-
tion of the expression of inflammatory cytokines (Liu et al., 2019). 
Supplementation with Coenzyme Q10 plus selenium reduces the mor-
tality by approximately 50% in patients with CVD in an effect associated 
to its bioenergetics, antioxidant and anti-inflammatory function (Mantle 
and Hargreaves, 2019). 

7.6. Lung diseases 

Among the diseases associated with COVID19 severity, lung diseases 
are the most important since massive bilateral pneumonia is one of the 
main symptoms of this disease (P. Zhou et al., 2020). Mitochondrial 
dysfunction has been also associated with many of the lung diseases such 
as ARDS, pneumonia, chronic lung diseases, or bronchial asthma among 
others (Ten and Ratner, 2020). Lung physiology is also affected during 
aging. Age-associated chronic obstructive pulmonary disease (COPD) 
shows many of the hallmarks of aging including impaired autophagy/ 
mitophagy, accumulation of damaged mitochondria and low grade 
chronic inflammation (Barnes, 2019). In lung dysfunction, peripheral 
blood mononuclear cells (PBMCs) and platelets actively participate in 
inflammation contributing to the severity and lethality of COVID-19 
(Riou et al., 2020). 

Removal of dysfunctional mitochondria has been considered a key 
therapeutic process for the treatment of respiratory diseases (Cloonan 
and Choi, 2016). Activation of autophagy improves the initiation and 
the progression of lung diseases during aging reducing mitochondrial 
dysfunction and associated inflammation (Nakahira et al., 2014). 
However, other studies have indicated that autophagic clearance of 
mitochondria may aggravate the pathogenesis of COPD by increasing 
cell death (Ryter and Choi, 2015). Interestingly, resveratrol (RSV), a 

polyphenol used in aging studies that promotes mitochondrial biogen-
esis and turnover (Baur et al., 2006), and also shows anti-inflammatory 
properties (Tung et al., 2015), has been recently considered as putative 
candidate to counteract lung and muscle impairments associated with 
COPD (Beijers et al., 2018). Furthermore, CR, the strongest non-genetic 
intervention in longevity, reverses several age-related changes in lung 
by reducing inflammation and improving mitochondrial turnover 
(Hegab et al., 2019). Clearly, removal of damaged mitochondria plays, 
again, a key protective role in the progression of respiratory diseases 
associated with aging and risk factor for COVID-19. 

8. Age-related immune system distortion can be prevented by 
prolongevity factors 

Prolongevity interventions can modulate the evolution of immuno-
senescence and inflammation in organisms (Mau et al., 2020). The most 
powerful interventions to delay aging are CR (Lopez-Lluch and Navas, 
2016), physical exercise (Ciolac et al., 2020) and some dietary bioactive 
compounds or therapies based on the induction of mito/autophagy 
(Lopez-Lluch et al., 2018) and on maintenance of NAD+ (Braidy and Liu, 
2020). Caloric restriction (CR), delays T-cell senescence in non-human 
primates indicating its capacity to affect immunosenescence (Mes-
saoudi et al., 2006). Exercise improves immunological and anti- 
inflammatory response decreasing morbidity and mortality (Turner, 
2016). Prolongevity nutritional compounds such as polyphenols 
improve the immune function and reduce proinflammatory profiles in 
many model animals (Olcum et al., 2020; Tung et al., 2015). 

The research about the influence of CR in humans is very complex 
and has not produced clear results to date, however, studies performed 
in aged long-lived nonhuman primates have demonstrated that CR de-
lays T-cell senescence (Messaoudi et al., 2006). Other studies in mice 
have demonstrated that CR improves CD4+ and CD8+ T-cells activity in 
the spleen, mesenteric lymph nodes, peripheral blood, thymus and 
salivary glands (Jolly, 2004). In mice, CR prevents thymic deterioration 
and improves the response of T-cells to IL-2 (Yang et al., 2009). Taken 
into consideration the importance of bioenergetics in the activity of T- 
cells (Choi et al., 2017) and the effect of CR on mitochondrial activity 
and turnover (Lopez-Lluch et al., 2006), the maintenance of mitochon-
drial activity in the immune system can be considered one of the main 
effect by which CR delays immunosenescence. 

Exercise, a well-known anti-aging factor, also improves immuno-
logical and anti-inflammatory response (Turner, 2016). Physical activity 
in old mice (J.Y. Lee et al., 2019) and in humans (Sellami et al., 2018) 
improves immunological response. Even in old patients showing 
cognitive dysfunction, aerobic exercise reduces the levels of the most 
significant age-related inflammatory cytokines, IL6 and TNFα (Stigger 
et al., 2019). Part of the positive effect of exercise can be due to a 
decrease of the amount of dysfunctional mitochondria by inducing 
mitochondrial biogenesis (Lumini et al., 2008). Further, the immuno-
modulatory effect of exercise can be also associated with the stimulation 
of the synthesis of CoQ10 improving both, mitochondrial and antioxi-
dant activities (Rodriguez-Bies et al., 2015; Rodriguez-Bies et al., 2010). 

Bioactive compounds have shown positive effects of the immune 
function in many different models of immunological dysfunction such as 
ovariectomized mice (Baeza et al., 2010), normal aging (Yuan et al., 
2012) or in senescence accelerated mice (Zhang et al., 2012). In humans, 
the studies with natural extracts rich in bioactive compounds have 
shown conflicting results. In some experiments, extracts rich in bioactive 
compounds have demonstrated capacity to activate immune cells 
(Tumova et al., 2017), although with other extracts, no improvement 
was found (Hunter et al., 2012). On the other hand, high flavonoid cocoa 
supplements have recently demonstrated their capacity to reduce 
oxidative stress in plasma and inflammation in older subjects (Munguia 
et al., 2019). Mediterranean diet, rich in plant foods, is associated with 
reduced risk of developing age-related chronic diseases by inducing 
protection against oxidative stress and improving mitochondrial activity 
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that could be the cause of a reduced inflammation level (Tosti et al., 
2018). 

Among the most studied bioactive compounds, polyphenols have 
demonstrated their capacity to modulate mitochondrial physiology and 
reduce mitochondrial dysfunction (Baur et al., 2006; Tung et al., 2014). 
Polyphenols are nowadays considered potential antiaging agents 
because of their ability to modulate oxidative damage, inflammation, 
cell senescence and autophagy (Russo et al., 2020). RSV is not only 
useful reducing the levels of TNFα in aged animals (Tung et al., 2015), it 
also reduces the effect of TFNα in an in vitro model of uveitis in which 
reduces the response to TNFα and the release of proinflammatory cy-
tokines (Paladino et al., 2020). A recent revision about the effect of 
different compounds on chronic low grade inflammation in humans and 
model animals indicated that RSV and metformin, a widely used phar-
macological compound for T2DM treatment, show anti-inflammatory 
capacity and can be considered promising therapies for inflammation 
and frailty in the elderly (Chen et al., 2019). Interestingly, metformin 
also inhibits the expression of NF-kB gene reducing the inflammatory 
response (Kanigur Sultuybek et al., 2019) through normalizing mito-
chondrial function through enhancing mitochondrial clearance by mito/ 
autophagy (Bharath et al., 2020). In fact, metformin, has been recently 
proposed as pharmacological compound against SARS-CoV-2 infection 
through its anti-inflammatory property by modulating mitochondrial 
ROS/Ca+ release (Menendez, 2020) and by regulating mTOR/AMPK 
signaling involved in mitochondrial turnover (Ramaiah, 2020). Another 
compound used as supplement that modulates several aspects of meta-
bolism and mitochondrial mechanisms is CoQ10. Low levels of plasma 
CoQ10 have been associated with inflammation and mortality in CVD 
patients (Shimizu et al., 2017). Furthermore, supplementation with 
CoQ10 can prevent the processes related to chronic oxidative stress and 
inflammation during aging (Lopez-Lluch, 2020; Lopez-Moreno et al., 
2018). Many in vitro and clinical studies indicate that CoQ10 is a 
promising anti-inflammatory molecule in metabolic and age-related 
diseases (Schmelzer et al., 2010; Shimizu et al., 2017; Suárez-Rivero 
et al., 2019; Yubero-Serrano et al., 2012) although the variability in the 
bioavailability of this compound in humans can affect the conclusions in 
different clinical studies (Lopez-Lluch et al., 2019). 

Maintenance of NAD+ levels is important in aging (Braidy and Liu, 
2020). Dysregulation of mitochondrial activity can affect NAD+ levels 
(Chinopoulos, 2020) and introduce a new important factor in aging and 
the activity of the immune system (Audrito et al., 2020). Decline in 
NAD+ has been reported in degenerative diseases associated with 

oxidative stress and inflammation (Braidy and Liu, 2020). Therefore, 
supplementation with NAD+ has been suggested as therapy for age- 
associated disorders reactivating defective DNA repair and mitophagy, 
thus, avoiding accumulation of dysfunctional mitochondria (Babbar 
et al., 2020). Decrease of the levels of the NAD+ precursor, nicotinamide 
mononucleotide (NMN) has been also associated with a proin-
flammatory profile in neurodegenerative diseases (Yao et al., 2017). 
This proinflammatory profile can be reversed by chronic supplementa-
tion with nicotinamide (NAM), and other precursors of NAD+, that 
improve bioenergetics and reduce inflammation in a dietary stress 
model in mice (Braidy and Liu, 2020; Mitchell et al., 2019). On the other 
hand, treatment with NMN improves cardiac muscle contractility and 
protects against inflammation in mice suffering cardiomyopathies 
(Zhang et al., 2017) by improving mitochondrial function and reducing 
IL6 and TNFα levels in many tissues (Sims et al., 2018). 

In general, it seems clear that many prolongevity effectors improve 
immune system in the elderly by regulating mitochondrial function and 
inflammation level. Taken into consideration the importance of bio-
energetics, mitochondrial activity and antioxidant protection in the 
immune response, we can speculate that maintenance of mitochondrial 
homeostasis by bioactive compounds or treatments that activate mito-
chondrial physiology, dynamics, removal and biosynthesis can be 
effective in the decrease of the inflammatory profile and in the immu-
nosenescence associated with aging and age-associated diseases (Fig. 3). 
These treatments are shown as promising therapies to improve mito-
chondrial function and reduce inflammation in the elderly, and would 
protect them against viral respiratory infections that are more severe 
when patients show previous inflammatory conditions. 

9. Conclusions 

SARS-CoV-2 causes a complex and rapid response that collapse lungs 
through the induction of a cytokine storm. The disease produced by 
SARS-CoV-2, COVID-19, is highly severe in old patients and in persons 
showing previous risk factors that are related with age-dependent 
chronic diseases such as CVD, obesity, T2DM, MS or lung diseases. 
Elderly people and patients suffering these chronic diseases show a low 
level of chronic inflammation that is associated with the dysfunction of 
mitochondria (Parker et al., 2019). Induction of defective mitochondria 
removal through activation of the mito/autophagy process reduces the 
inflammatory profile (Raz et al., 2017) and would improve the response 
to new pathogens such as SARS-CoV-2 even in old people. 

Fig. 3. Essential role of mitochondrial health maintenance in the immune response. Aging and age-related diseases, including many metabolic diseases, aggravate 
mitochondrial dysfunction and the accumulation of damaged mitochondria in cells including immune cells. The use of prolongevity procedures such as CR, bioactive 
compounds or physical exercise can reverse this accumulation by inducing mitochondrial turnover and biogenesis. Among these compounds, mito/autophagy in-
ducers, CoQ10 and NAD+ supplementation can help to maintain high levels or healthy mitochondria during aging and avoid immunological unbalance associated 
with COVID-19 severity. 
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We postulate here that the maintenance of mitochondrial health 
through healthy life habits, pharmacological compounds o dietary 
supplements able to improve mitochondrial activity, dynamics and 
turnover would reduce the levels of inflammatory cytokines and the 
severity of COVID-19 and other respiratory diseases such as seasonal flu. 
These and other “geroprotective” treatments must be used to treat or 
prevent COVID-19 (Promislow, 2020). Interventions and compounds 
able to improve mitochondrial health in the elderly would reduce or 
even eliminate the cytokine storm induced by SARS-CoV-2 infection 
and, therefore, reduce the grade of ARDS associated with COVID-19. No 
existing effective treatment against COVID-19 once cytokine storm and 
ARDS has started, prevention of the stronger effect induced by SARS- 
CoV-2 appears the most promising strategy. We think this strategy 
must be based in the improvement of the mitochondrial activity that 
would reduce the proinflammatory profile associated with aging and 
age-related diseases. 
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