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Epidemiological data convey severe prognosis and high mortality rate for COVID-19 in elderly men affected by
age-related diseases. These subjects develop local and systemic hyper-inflammation, which are associated with
thrombotic complications and multi-organ failure. Therefore, understanding SARS-CoV-2 induced hyper-

]C)gxns)erllsgm recentors inflammation in elderly men is a pressing need. Here we focus on the role of extracellular DNA, mainly mito-
Telomere 8 P chondrial DNA (mtDNA) and telomeric DNA (telDNA) in the modulation of systemic inflammation in these

subjects. In particular, extracellular mtDNA is regarded as a powerful trigger of the inflammatory response. On
the contrary, extracellular telDNA pool is estimated to be capable of inhibiting a variety of inflammatory
pathways. In turn, we underpin that telDNA reservoir is progressively depleted during aging, and that it is scarcer
in men than in women. We propose that an increase in extracellular mtDNA, concomitant with the reduction of
the anti-inflammatory telDNA reservoir may explain hyper-inflammation in elderly male affected by COVID-19.
This scenario is reminiscent of inflamm-aging, the portmanteau word that depicts how aging and aging related

diseases are intimately linked to inflammation.

1. Introduction

The ongoing COVID-19 pandemic due to the SARS-CoV-2 coronavi-
rus is causing a global health emergency (Callaway et al., 2020). The
rapid SARS-CoV-2 infectivity and the appearance of serious and fatal
respiratory complications in a significant fraction of patients represent
unprecedented threats for all health systems worldwide. The extreme
virulence of the infection in a substantial proportion of patients (about
6-12 % of lethality, https://coronavirus.jhu.edu/map.html), coupled
with its impressive infectivity (an estimated reproduction number Ry up
to 2/3 in comparison to 1.4 of the seasonal flu), and the unprecedented
worldwide spread (about 60.000.000 affected people on November the
30th 2020; https://coronavirus.jhu.edu/map.html), highlight the ur-
gent need to understand the molecular basis of the most severe mani-
festations of COVID-19 disease. Data on COVID-19 pandemic show that
the clinical outcome of SARS-CoV-2 infection is linked to the age and
gender of the patients, irrespective of ethnicity (Ruan et al., 2020;
Remuzzi and Remuzzi, 2020). In Italy, about 1.600.000 people infected
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on November the 30th, with a median age of death of 80 years, which is
31 years older than that of the infected (49 years of age). Only 1.1 % of
COVID-19 victims are less than 50 years of age. Most of them, (around
60 %), were affected by at least 3.3 age-related diseases (e.g. cardiac
dysfunction, hypertension, diabetes, https://www.epicentro.iss.it/).
The data available in Italy displays that the lethality is substantially
higher in men than in women, in the age-range of 50-70 years of age,
with a male to female death toll of 75% vs 25% (https://www.epicentro.
iss.it/coronavirus/sars-cov-2-decessi-italia). Clinical manifestations in
the most severe COVID-19 patients are characterized by an aberrant
hyper-inflammatory response in which Interleukin-6 (IL-6), the so called
cytokine for gerontologists (Ershler, 1993), stands out as major player
(Chen et al., 2020; Zhou et al., 2020). Thanks to this evidence, some
clinical trials suggested that patients with SARS-CoV-2 benefit of the
administration of the monoclonal antibody against IL-6/IL-6 receptor
that tapers the cytokine release syndrome (Xu et al., 2020; Luo et al.,
2020; Zhang et al., 2020). Nevertheless, the debate on clinical signifi-
cance of IL-6 pathway inhibition is still open (Salvarani et al., 2020).
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Importantly, the local (pulmonary) and systemic hyper-inflammatory
status are involved in the extensive thrombotic phenomena that lead
to ischemic damage and multi-organ failure in COVID-19 patients (Wu
et al., 2020; Connors et al., 2020; Zuo et al., 2020). Therefore, the un-
derstanding of the biological events acting in the SARS-CoV-2-induced
inflammation, particularly in male aged people is an urgent need.

2. COVID-19 and inflamm-aging

Nowadays, it is acknowledged that old people suffer of a state of
progressive chronic inflammation called inflamm-aging (Franceschi
et al., 2000). Inflamm-aging is closely related to age-related diseases,
whether it is considered a cause, i.e. involved in the pathogenesis of
diseases, or the consequence of them (Fulop et al., 2018). A plethora of
biologic stimuli such as self and non-self molecules, nutrients and
microbiota, nurture inflamm-aging by triggering the age-dependent
activation of the innate immune system (Franceschi et al., 2018).
Inflamm-aging is intimately linked to an age-associated immune meta-
bolic remodeling that occurs in aging and age-related diseases (meta--
flammation) (Franceschi et al., 2018; Storci et al., 2018, 2020). In other
words, if we consider inflamm-aging as an age-related inflammatory
drift, specific diseases, such as COVID-19, may be considered spikes or
bouts of inflammation that may accelerate the immune-metabolic
derangement of aged people. We recently proposed that at least four
mechanisms linked to aging, (i.e. the rate of inflamm-aging; the rate of
immune-senescence; the loss of the anti-inflammatory activity of ACE2
receptor; the accrual of senescent cells and the shortening of telomeres),
may affect COVID-19 severity (Bonafe et al., 2020a). Notably, most of
these mechanisms are gender-biased, as they occur more overtly in men
than in women (Bonafe et al., 2019; Marquez et al., 2020). Here, we
focus on the role gambled by circulating cell-free DNA as a modulator of
systemic inflammation in aged people (i.e. during inflamm-aging) and in
COVID-19 patients. In this regard, two recent investigations identified
extracellular mtDNA released by senescent cells as a key factor of
inflamm-aging (Iske et al., 2020), as well as the level of circulating
mtDNA as a predictor of COVID-19 severity (Scozzi et al., 2020). We also
focus on extracellular telomeric DNA (telDNA) as crucial source of
extracellular anti-inflammatory DNA exhaustible with aging (Storci
et al., 2018; Bonafe et al., 2020b). A wealth of literature shows that
telDNA shortening is a hallmark of cellular and systemic aging, and that
it is associated with cellular and systemic inflammation (Aguado et al.,
2019). Indeed, many phenomena related to aging, including a plethora
of age-related diseases, are associated with telomere shortening (Aguado
etal., 2019; Armanios et al., 2013; Herrmann et al., 2018). Consistently,
a recent paper suggests that short telomeres are markers of an unfa-
vorable outcome in COVID-19 patients (Aviv, 2020). However, a plenty
of data show that extracellular telDNA may act as a powerful quencher
of inflammation and we recently reported its possible role in
inflamm-aging (Storci et al., 2018; Bonafe et al., 2020b; Kaminski et al.,
2013). Moreover, recent literature shows that extracellular telDNA is
actively shed from the chromosomal telomeric ends and that it is found
in extracellular vesicles (Bonafe et al., 2020b; Mazzucco et al., 2020;
Bruno et al., 2020). Under this perspective, the age-dependent short-
ening of telomeres represents a mechanism of depletion of extracellular
anti-inflammatory DNA reservoir in aged people. Following this
reasoning, it is not surprising that telomere shortening and high levels of
extracellular mtDNA have been linked to a large number of age-related
disease with inflammatory pathogenesis (Storci et al., 2018; Bonafe
et al., 2020a; Iske et al., 2020; Aguado et al., 2019; Bruno et al., 2020).
Hence, extracellular DNA in aged people is more likely to stimulate
inflammation, due to a concomitant increase of extracellular mtDNA
and a decrease in extracellular telDNA. Consequently, the release of
pro-inflammatory mtDNA in aged people, exacerbated during
COVID-19, paralleled by the age-dependent loss of anti-inflammatory
extracellular telDNA reservoir may lead to an imbalance towards sys-
temic hyper-inflammation, which becomes particularly life threatening
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in aged males affected by age-related diseases. Therefore, we hypothe-
size that the pro-inflammatory baseline of inflamm-aging facilitates the
severe and harmful evolution of SARS-CoV-2 disease in male aged
people.

3. Extracellular mtDNA release: a beneficial response to viral
infections that turns into a detrimental booster of systemic
inflammation

The release of mtDNA is an ancestral response mechanism to cell
damage and it is nowadays regarded as major local and systemic trigger
of inflammation (Bruno et al., 2020). The dominant role of extracellular
mtDNA as pro-inflammatory trigger has been reported in different
clinic-pathological settings (Zhang et al., 2010). This phenomenon re-
calls the concept that mtDNA must be kept into the organelle until this
latter is in a “good shape” and its functioning is preserved (Bruno et al.,
2020). Once damage has occurred, mtDNA leaks out into the cytoplasm
and in the extracellular space, where it triggers inflammation, as well as
the type-1 interferon (IFN-1) antiviral response (Barnes et al., 2020). Its
activity is mainly due to the lack of methylation at CpG sites, which
triggers the activation of Toll-Like-Receptor-9 (TLR-9) receptors,
mimicking bacterial DNA (Riley et al., 2020). MtDNA also engages
cytoplasmic DNA detectors, such as Absent in Melanoma-2 (AIM2) and
¢GAS (Bruno et al., 2020; Barnes et al., 2020; Dalpke et al., 2006; Bae
et al.,, 2019; Itagaki et al., 2015; Puyo et al., 2019). Mitochondrial
damage in the anti-viral response have been reported in a number of
viral infections: such as Herpes simplex, hepatitis B, HIV, severe fever
with thrombocytopenia syndrome, Dengue virus (a single-strand posi-
tive RNA virus) (Lai et al., 2018; Saffran et al., 2007; Cao et al., 2020;
Pinti et al., 2012; Li et al., 2020). Many of these viruses set off a potent
inflammatory response mediated by the release of mtDNA (Lai et al.,
2018; Singh et al., 2020; Burtscher et al., 2020). Noteworthy, the
pro-inflammatory capability of mtDNA is expected to be increased in
aged people, owing to the fact that most of the released mtDNA is
oxidized and therefore more resistant to cytoplasmic DNAselll/TREX
enzyme, thus being endowed with an increased stability (Gehrke et al.,
2013). Interestingly, a large number of studies show that mtDNA is
detectable in body fluids including plasma, in which it is contained in
extracellular vesicles (EVs) (Guescini et al., 2010; Meddeb et al., 2019;
Thurairajah et al., 2018). These latter are likely to preserve mtDNA
stability and facilitate its systemic pro-inflammatory activity. Current
data indicate that mtDNA levels increase and correlate with the extent of
tissue damage, clinical evolution and the onset of multi-organ failure in
patients affected by multiple systemic damage, sepsis and Acute Respi-
ratory Distress Syndrome (Itagaki et al., 2015; Puyo et al., 2019; Sim-
mons et al., 2013; Nakahira et al., 2013). Notably, increased levels of
circulating mtDNA have been found in elderly people even in absence of
any overt systemic inflammation (Dalpke, A., et al., 2006; Pinti et al.,
2014). On the basis of its ability to activate TLR-9, AIM2 and cGAS,
circulating mtDNA may be regarded as major pro-inflammatory stim-
ulus in COVID-19 patients, particularly in aged ones (Zhang et al., 2010;
Riley and Tait, 2020; Dalpke et al., 2006; Bae et al., 2019; Itagaki et al.,
2015; Nakahira et al., 2013). Following this perspective, it is worth
noting that the active release of (mt)DNA outward the cell may occur
during the formation of NET (Neutrophil Extracellular Trap). This
acronym refers to the capability of cells, especially myeloid ones, to
extrude the genomic material contained in mitochondria and nuclei,
both in vital conditions and during death (this latter being called
NET-osis) (Zuo et al., 2020; Singh et al., 2020; Schonrich and Raftery,
2016) . The NET mechanism has been studied in neutrophils and con-
stitutes a major pathogenic step in the acute lung tissue injury, a
life-threatening phenomenon that occurs in critically ill patients,
including COVID-19 ones (Zuo et al., 2020; Barnes et al., 2020;
Schonrich and Raftery, 2016). The capability of NETs to facilitate blood
clotting has been regarded as a pathogenetic phenomenon in
COVID-19-related thrombosis (Barnes et al., 2020). Currently, NET



G. Storci et al.

Ageing Research Reviews 66 (2021) 101234

Cells infected by SARS-CoV-2
(like other RNA viruses)

Extracellular DNA,
NET, NETOSIS

Cytokine release syndrome
Sepsis

Mitochondrial
function
disruption

mtDNA release

o
o

cGAS, TLR-9, AIM2

activation

o

Mitochondrion

Fig. 1. mtDNA dependent hyper-inflammation induced by SARS-CoV-2 infection. SARS-CoV-2 (RNA)-viral infection thwarts mitochondrial function and sets off
strong local and systemic pro-inflammatory response via the release of mtDNA, which engages DNA receptors AIM2, cGAS and TLR-9.

represents a therapeutic target for anti-thrombotic strategies to treat
COVID-19 complications (Zuo et al., 2020; Barnes et al., 2020) (Fig. 1).

4. Telomere shortening at the basis of the progressive decay of
anti-inflammatory extracellular telDNA reservoir

Genomic (g)DNA leakage outside the nucleus following cell death or
consequent to NETs is a major trigger of inflammatory response (Storci
et al., 2018). However, gDNA is not pro-inflammatory in all the exper-
imental settings, since it has been demonstrated that gDNA has a limited
ability to induce inflammation through TLR-9, but this activity is greatly
increased after the cleavage of telomeric ends (Storci et al., 2018;
Goldfarb et al., 2018). This finding pinpoints that the pro-inflammatory
capability of extracellular gDNA depends upon its telDNA content,
which in turn may vary upon the cell of origin and the age of the indi-
vidual (Bonafe et al., 2020b; Goldfarb et al., 2018). Indeed, a wealth of
literature shows that telDNA fragments are endowed with
anti-inflammatory activity, being capable to inhibit TLR-9, cGAS and
AIM2 (Kaminski et al., 2013; Goldfarb et al., 2018; Storci et al., 2019;
Gursel et al., 2003). Telomeres are well recognized as double-stranded
DNA sequences that protect the open ends of chromosomes (Palm and
De Lange, 2008). Moreover, the shortening of the telomeres has long
been recognized as a hallmark of cellular aging (Aguado et al., 2019;
Hayflick and Moorhead, 1961). Notably, the length of the telomere
decreases not only during cellular aging but also in cells from aged

COVID-19

mtDNA

Inflamm-aging

subjects particularly those affected by age-related diseases (Aguado
et al.,, 2019; Armanios et al., 2013; Herrmann et al., 2018; Campisi,
2001; Hayflick and Moorhead, 1961). Upon telomere shortening, a state
of replicative arrest with consequent cellular senescence ensues that is
followed by the release of a set of inflammatory mediators and cyto-
kines, called Senescence Associated Secretory Phenotype, SASP (Arma-
nios et al., 2013; Herrmann et al., 2018). Nowadays, cell senescence and
SASP are considered contributors of inflamm-aging (Franceschi and
Campisi, 2014). Importantly, telomere shortening also occurs when cells
are exposed to a variety of stressors, including viral infections (Dowd
et al., 2017). Noteworthy, the phenomenon of telomere shortening oc-
curs even in absence of any cell proliferation (Wang et al., 2017). The
shortening of telomeres has been proposed as the consequence of the
chromosome ends trimming off by a specific enzymatic machinery
(Bonafe et al., 2020b; Mazzucco et al., 2020; Bruno et al., 2020). Excised
telDNA may be kicked-out of the nucleus and found in the cytoplasm, in
extracellular fluids including plasma EVs (Byrd et al., 2016; Wang et al.,
2015). The generation of telomeric DNA fragments detached from
chromosome ends and their biologic significance are a cutting edge of
telomere biology. Intriguingly, it has been recently reported that
antigen-presenting cells (i.e. dendritic cells) release telDNA containing
EVs which sustain the life-span of interacting T lymphocytes (Bruno
et al, 2020). Free telDNA molecules may exert their intrinsic
anti-inflammatory function by engaging DNA receptors, such as cGAS,
AIM2, TLR-9 (Gursel et al., 2008). Notably, this is the same set of

Fig. 2. Telomere shortening at the basis of
the progressive decay of anti-inflammatory
extracellular telDNA reservoir.

In young people the telomeric anti-
inflammatory telDNA reservoir quenches the
pro-inflammatory activity of mtDNA; in aged
people, owing to telomere attrition, the amount
of extracellular telDNA is reduced and it is
partially replenished by pro-inflammatory
DNA:RNA hybrids. This age-dependent unbal-
ancing favors the onset of hyper-inflammation
in aged people.

TelDNA
DNA:RNA
hybrid
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Fig. 3. Gender bias in extracellular mtDNA /telDNA content in COVID-19 pathogenesis.
Women are endowed with enhanced IFN-1 response, higher antibody response, less mtDNA instability and increased telomere length compared to men.

molecules that are engaged by the mtDNA recognition (Guescini et al.,
2010; Simmons et al., 2018; Nakahira et al., 2013; Pinti et al., 2014).
Therefore, it is not surprising that the free telDNA fragment can favor-
ably switch off the mtDNA/TLR-9/NF-kappaB axis during sSRNA virus
infection (Kindler et al., 2014). In addition, free telDNA molecules
dampen the activation of the mtDNA/TLR-9/NF-kappaB axis in the
respiratory system, where the massive release of mtDNA following
endotracheal intubation has been described (Itagaki et al., 2015).
Following the reasoning above, the progressive loss of the
anti-inflammatory telDNA reservoir with aging may be a mechanism
that depletes the circulating telDNA pool and facilitates the onset of
systemic hyper-inflammation in COVID-19 patients, particularly in aged
people (Froidure et al., 2020). Therefore, we expect that young subjects
are equipped with an abundant anti-inflammatory telDNA reservoir that
would, on average, worn-off in the elderly, especially in those suffering
of comorbidities associated with shortened telomeres (Armanios et al.,
2013; Herrmann et al., 2018; Zhao et al., 2013). On one hand, this
scenario envisages also that young people, endowed with short telo-
meres due to environmental (e.g. sedentary/stressful life-style) and/or
genetic reasons will be more likely to undergo severe outcome of
SARS-CoV-2 infection. On the other hand, people endowed with long
telomeres may experience an advantage when facing the SARS-CoV-2
infection (Lapham et al., 2015). We refer to extremely aged people
such as centenarians that have been reported to carry longer than ex-
pected telomeres (Storci et al., 2019; Marcon et al., 2020) and show a
more plastic and adaptive response against SARS-CoV-2 infection (Balk
et a., 2013). The above picture may even more complex, by taking into
account that the shortening of telomeres triggers the transcription of an
mRNA named as Telomere repeat-containing RNA (TERRA) (Balk et al.,
2013). When TERRA mRNA binds to telomeric ends it forms an DNA:
RNA hybrid region (Balk et a., 2013). Notably, DNA:RNA hybrids,
irrespective of their sequence, are powerful activators of inflammation
via TLR-9 and cytoplasmic DNA sensors (Rigby et al., 2014; Mankan

et al., 2014). These findings suggest that an extracellular gDNA enriched
in shortened telomeres, not only is devoid of its intrinsic
anti-inflammatory reservoir, but also contains increased levels of
pro-inflammatory te]lDNA:RNA hybrids. This scenario is more likely to
occur in aged people and in individuals affected by genetic/envir-
onmental causes of telomere shortening (Fig. 2). Notably, EVs that
contain TERRA and its cognate telDNA sequence are likely to carry
substantial amounts of DNA:RNA hybrids and have been demonstrated
to exert a potent pro-inflammatory activity.

5. Gender bias in extracellular DNA mitochondrial/Telomeric
content in COVID-19 pathogenesis

The interpretative model hereby proposed, provides the opportunity
to interpret also the above reported gender bias in COVID-19 lethality.
Indeed, elderly men, especially those affected by age-related diseases,
are endowed with shortened telomeres compared to aged matched
women (Axson et al., 2018). Moreover, despite the still unknown
mechanism, the rate of telomere shortening in men is steeper than in
women, especially above the age of fifty, i.e. the age at which
SARS-CoV-2 infection starts to impinge upon population mortality
(Marcon et al., 2020) (https://www.epicentro.iss.it/coronavirus/sars
-cov-2-decessi-italia). Furthermore, extremely old women are endowed
with longer than expected telomeres, in respect to male age-matched
subjects (Lapham et al., 2015). Molecular mechanisms at the basis of
such a reproducible gender bias are still unclear (Ly et al., 2019; Di
Florio et al., 2020). As far as mtDNA is concerned, there are hints sug-
gesting that males release more mtDNA than females upon RNA viral
infection (Klein and Flanagan, 2016). Hence, the higher chance for the
mtDNA to engage DNA sensors in males may explain the gender bias in
some inflammatory phenomena (Anker and Arima, 2011). The gender
difference in response to viral infection has long been reported and holds
across all ages and evolution (Gebhard et al., 2020; Griesbeck et al.,
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Fig. 4. The anti-inflammatory telDNA reservoir decay with aging. The age-dependent decline of the anti-inflammatory extracellular telDNA is steeper in aged
men compared to aged women. This imbalance creates a condition that, according to our hypothesis, favors aged women over aged men in dealing with COVID-19

related complications.

2015). Notably, females have long been reported to make a higher
antibody response against viruses and vaccinations (Anker and Arima,
2011). Furthermore, the onset of specific immunity (antibody produc-
tion) and the capability to induce specific anti-viral response is more
pronounced in women than in men (Anker and Arima, 2011) (Fig. 3).
This gender bias is due to the higher capability of plasmacytoid dendritic
cells to produce IFN-1 in women, a gender skewing that has been
regarded as a major pathogenetic mechanism for the onset of autoim-
mune diseases (Smits et al., 2010). Notably, this gender difference is
wider in aged people (Smits et al.,, 2010). Conversely, innate
pro-inflammatory response is promoted over the set-off of specific im-
munity in men more than in women. In this regard, it has been recently
reported that inflamm-aging, due to the activation of the myeloid
pro-inflammatory compartments, is characterized by a strong prepon-
derance in male subjects (Marquez et al., 2020). At least, in the early
stages of viral infection, inflammation and IFN-1 anti-viral response are
synergistic: the IFN-1 antiviral response aims at promoting local mech-
anisms that prevent the spread of the viral agent, whilst the inflamma-
tory response promotes the local recruitment of inflammatory cells and
facilitates systemic response. Thus, the prevailing of IFN-1 response over
inflammation is more likely to occur in women where the clearance of
the virus is more likely to occur without the involvement of inflamma-
tion. Therefore, inflammatory phenomena such as neutrophil infiltra-
tion, NETs production and systemic inflammatory response are less
likely to occur in women than in men. In other words, the outcome of
SARS-CoV-2 infection is expected to be more favorable in women as they
are more capable to restrict inflammation via IFN-1 pathway activation
(Anker and Arima, 2011). In fact, a reciprocal inhibitory effect between
IFN-1 anti-viral response and inflammation has been extensively re-
ported (Banerjee et al., 2017; Menachery et al., 2014; Chan et al., 2013;
Lau et al., 2013; Zielecki et al., 2013; Aman et al., 1996; Ganster et al.,
2005; Pauli et al., 2008; Wei et al., 2006; Nagata et al., 2008; Hadjadj
et al., 2020). Notably, the unbalancing between IFN-1 mediated anti-
viral innate immunity and inflammation was reported in SARS-CoV-1
infected macaques: the IFN-1 antiviral response was hampered in aged
animals that develop a massive pro-inflammatory response and was
dampened by the administration of IFN-1, which reversed the unfavor-
able course of the infection (Banerjee et al., 2017). Moreover, it has been
found that genetically determined or immune-mediated curtailment of
IFN-I response is a risk for COVID-19 poor outcome (Bastard et al., 2020;
Thoms et al, 2020). Under this perspective, the capability of
SARS-CoV-2 proteins (i.e. Nsp1) to inhibit the IFN-1 mediated anti-viral

response, suggests that the impairment of IFN-I is a condition that favors
severe COVID-19 outcome (Burtscher et al., 2020; Bayik et al., 2016).
Indeed, several data show that SARS-CoV-2 encoded proteins are
capable to affect the mitochondrial function and the innate immune
response mediated by mitochondria (Burtscher et al., 2020). Further-
more, the mitochondria integrity is a pivotal factor affecting the
COVID-19 outcome (Burtscher et al., 2020). Overall, the gender differ-
ence above described allows to depict a scenario in which women are
more capable to clear out the viral infection by means of IFN-1 mediated
pathway, that can also keep inflammation under control. Conceivably,
in presence of inflamm-aging, SARS-CoV-2 response is more likely to
drift towards an uncontrollable local and systemic inflammation that
may turn to be detrimental and potentially lethal (Fig. 4).

6. Conclusions

The imbalance towards a hyper-inflammatory state caused by the
accumulation of extracellular pro-inflammatory mtDNA and the reduc-
tion of anti-inflammatory extracellular telDNA in elderly subjects is
hypothesized to play a pivotal role in COVID-19 poor outcome.
Following this rationale, it would be worthwhile to test in vitro and in
animal models exogenous telDNA repeats which may taper or/halt
SARS-CoV-2 induced inflammation. Since telDNA is composed of
~-TTAGGG- repeats, it belongs to a large family of poly-guanosine rich
(G-rich) DNA oligonucleotide that exert anti-inflammatory activities
(Ohto et al., 2015; Rommler et al., 2015; Lenert, 2010). Hence, this
“potential” DNA drugs may be worth to be taken into consideration for
the treatment of COVID-19 complications. In conclusion, the
above-described scenario depicts how studies on extracellular DNA (e.g.
mtDNA and telDNA) may help to understand the link between
inflamm-aging and COVID-19 pathogenesis. Hopefully, this approach
will help the ongoing struggling against the unprecedented pandemic
that is spreading worldwide in 2020.
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