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Abstract 

More than 1,000,000 confirmed cases of COVID-19 have been registered worldwide since the 

beginning of the pandemic in Wuhan on December 2019. The high mortality rate of COVID-19 is 

associated with age, gender and the presence of comorbidities. Biochemical data have shown that 

COVID-19 patients develop a local and systemic hyper-inflammatory response associated with poor 

outcome. Therefore, the understanding of the biological mechanisms underlying SARS-CoV-2-

induced inflammation is a compelling need. Following this reasoning, here we will focus on the 

importance of the progressive age-related development of a pro-inflammatory state (aka inflamm-

aging) in the understanding of the unbalanced inflammatory response against SARS-CoV-2 in aged 

people. In particular, we underpin the role of mitochondrial DNA and genomic DNA telomeric 

sequences in local and systemic mechanisms of inflammation. Indeed, the leakage of mtDNA out of 

its natural compartment (i.e. the mitochondrion), into the cytoplasm and in the extracellular 

environment is a powerful trigger of innate immunity and inflammation, as part of an evolutionary-

conserved signaling mechanism of cellular damage (e.g. viral infection). High levels of circulating 

mtDNA are increased in aged people and set up as inflammatory markers of poor prognosis in 

intensive care unit patients. In turn, telomeric DNA, which can be released into the cytoplasm and 

in the extracellular environment upon cell damage, has been proven to exert potent anti-

inflammatory activity. Since that aged people (particularly those affected by co-morbidity) are 
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equipped with shortened telomeres, we posit that, in aged people affected by COVID-19 the release 

of mtDNA, coupled with insufficient telomeric DNA favors the onset of a detrimental inflammatory 

response. In this regard, we highlight that the mechanism of action of some currently used drugs, as 

well as potential new ones may be better understood under the light of the above-depicted 

theoretical framework thus explaining how studies on inflamm-aging may help to understand and 

combat COVID-19 pandemic. 
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Introduction 

The ongoing COVID-19 pandemic caused by the SARS-CoV-2 corona virus is causing a global 

health emergency1. The rapid SARS-CoV-2 infectivity and the appearance of serious and fatal 

respiratory complications in a huge number of patients represent unprecedented threats for all health 

systems worldwide. The clinical manifestations in the most severe patients are accompanied by an 

aberrant inflammatory response or "cytokine storm" in which interleukin-6 (IL-6) values stands out 

among all2,3. Thanks to this evidence, patients with SARS-CoV-2 are expected to benefit of 

administration of the monoclonal antibody against IL-6/IL-6 receptor to taper the cytokine release 

syndrome (NCT04306705). As expected, a tight relationship among viremia/RNAemia, serum IL-6 

levels and poor clinical outcome has been described in COVID-19 patients. Therefore, antiviral and 

immunosuppressive therapies, alone or in combination, are being undertaken by repurposing a 

variety of anti-viral/inflammatory drugs4. Nevertheless, the extreme virulence of the infection in a 

substantial proportion of patients (9-11%), coupled with its impressive infectivity (an estimated 

infectivity coefficient between 2 to 3 in spite of 1.4 of seasonal flu) and an unprecedented 

worldwide spread (about 480.000 affected people on March 26th 2020; 

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200317-sitrep-57-covid-

19.pdf), underpins the urgent need to understand the pathogenesis and the molecular mechanisms of 

the most severe manifestation of COVID-19 disease. The data on pandemic show that the 

pathogenesis and the clinical outcome of SARS-CoV-2 infection are related to the age of the 

infected patients, irrespective of ethnicity5,6. In Italy, at March 24th median age of dead people is 78 

years of age, and about 1% of dead people are less than 50 years of age. Most of them (51.2%) were 

affected by at least three age-related diseases (cardiac ischemia, hypertension, type II diabetes 

mellitus, among others, https://www.epicentro.iss.it/). Mostly, but not exclusively in the elderly, 

SARS-CoV-2 infection was associated with an uncontrolled systemic sepsis/cytokine release 

syndrome reaction (https://www.iss.it/asset_publisher. Report n.15). Studies on macaques carried 

out with SARS-CoV-1 (which was responsible for the 2002-2003 SARS epidemic) show that, 
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despite the viral replication rate is similar between young and aged individuals, the lungs of the 

older ones are affected by an uncontrolled inflammatory response, associated with an extremely 

deranged histo-pathology7. Such a striking age-related trend in COVID-19 pandemic spread recalls 

mechanisms related to the rate of aging that can be recapitulated by the portmanteau word inflamm-

aging8-10. Inflamm-aging depicts the drift of systemic low-grade inflammation that occurs in 

humans during aging8. The biological bases of inflamm-aging are still under investigation, but it is 

known that age-related inflammation is associated with the onset of common age-related diseases11. 

The presence of circulating pro-inflammatory molecules (e.g. IL-6) but also of anti-inflammatory 

ones is not only a consequence, but also a causative phenomenon, and represents the result of 

ceaseless attrition of a variety of exogenous and endogenous pro-inflammatory agents, including 

nucleic acids11-13. The data available in Italy at March 24th also convey that COVID-19 adverse 

outcome display gender-dependency. In particular, COVID19-lethality is substantially higher in 

men than in women (70.9% of death occurs in males), 

(https://www.epicentro.iss.it/coronavirus/sars-cov-2-decessi-italia). In this regard, studies on the 

genetic basis of inflamm-aging showed that a gender-related genetic predisposition to produce high 

levels of IL-6 is found in aged men but not in women14. Accordingly, the detrimental effect of 

inflamm-aging is postponed in women, who reach extreme limits of human lie-span with a higher 

chance9,15. Therefore, the negative outcome of COVID-19 are more likely to occur in those people 

who show overt signs of inflamm-aging, i.e. elderly males affected by co-morbidity. Noteworthy, 

when SARS-CoV-1 infection was examined, an inadequate type-1 interferon-response, which 

represents the major viral clearance mechanism, was found7. At least in the early stages of viral 

infection, inflammation and type-1 anti-viral response are synergistic: antiviral response is aimed at 

promoting local mechanisms that prevent the spread of the viral agent, whilst inflammatory 

response promotes the local recruitment of inflammatory cells and the systemic spread. However, a 

reciprocal inhibitory effect between type-1 interferon anti-viral response and inflammation has been 

extensively reported7,16-26. Accordingly, as reported by the study on SARS-CoV-1 infected 

macaques, the type-1 interferon antiviral response is hampered in aged animals, which in fact 

develop a massive pro-inflammatory activation, but the administration of type-1 interferon reverses 

the unfavorable course of the infection7 . Conceivably, in presence of inflamm-aging, SARS-CoV-2 

response is likely to drift towards an uncontrollable local and systemic inflammation that may turn 

to be detrimental and potentially lethal. This setting is likely to turn out to be detrimental not only 

for the promotion of local and systemic inflammation but also for the inhibition of virus clearance 

in aged people16,17. Following this reasoning, since women are endowed with enhanced type-1 

interferon response compared to men the outcome of SARS-CoV-2 infection is expected to be more 
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favorable in them27. Nevertheless, the adverse outcome of SARS-CoV-2 infection is not absent 

among young subjects. This finding points at the likelihood that (e.g. genetic) variability among 

individuals and/or ethnic groups may play a role in the SARS-CoV-2 disease outcome. In this 

commentary we will pinpoint the role of extracellular mtDNA and telomeric DNA sequences12 as 

major actors in the interplay between of inflamm-aging and SARS-CoV-2 infection pathogenesis. 

1-Mitochondrial DNA: from a beneficial response to viral infections to a detrimental booster 

of systemic inflammation. 

 Current data show that a single-strand positive RNA virus infections, similar to SARS-CoV-

2 viruses, i.e. Dengue virus, sets off a potent inflammatory response that involves the release of 

mtDNA outside the cell28. This phenomenon relies on passive and active (e.g. NET formation) or 

Netosis mechanisms29 and may occur even via extracellular vesicles (EVs)30-31. Indeed, a large 

number of studies show that mtDNA is detectable in body fluids including plasma EVs30,32,33. In 

turn, the release of mtDNA is an ancestral response mechanism to cell damage and it is nowadays 

regarded a major local and systemic trigger of inflammation34. This phenomenon recalls the concept 

that mtDNA must be kept into the organelle until this latter is in a good shape and its functioning is 

preserved34. Once damage has occurred, mtDNA leaks out into the cytoplasm and in the 

extracellular environment where it triggers inflammation, as well as the type-1 interferon antiviral 

response, by engaging cytoplasmic (AIM2) and/or endosomal/extracellular TLR9 detectors34-37. 

Notably, it is worth noting that AIM2 promotes inflammation but tapers type-1 interferon antiviral 

response16. In line with these experimental evidence, current data indicate that mtDNA levels 

increase and correlate with the extent of damage, clinical evolution and the onset of multi-organ 

failure in patients affected by multiple systemic damage, septic conditions and Acute Respiratory 

Distress Syndrome36-40. Increased level of circulating MtDNA have been found in elderly people in 

presence/absence of systemic inflammation36,41. On the basis of its ability to activate TLR936-38 and 

AIM235 circulating mtDNA molecule should be regarded as a powerful mediator of systemic 

inflammation and inflamm-aging. In this regard, studies on inflamm-aging and human longevity 

have shown that the a wide genetic variability of mtDNA genetic makeup among individuals and 

populations (www.eupedia.com) can be motivated not only by migrations and human history, but 

also by important functional differences among mtDNA variants42. Since mitochondrial variants 

have different inflammatory and metabolic capacities they are likely to have an impact on systemic 

inflammation and/or sepsis still widely to be considered and explored 43 and some association 

between mtDNA genetic variability (haplogroups) and ICU outcomes have been reported43,44. Thus, 

studies on the level of mtDNA in plasma/EV of COVID-19 affected people in relationship with 
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their age may help in understating whether the mtDNA-dependent systemic inflammation is 

deranged in aged people e/o in individuals (or populations) that, albeit at young ages, may be 

endowed with mtDNA variants that are peculiarly pro-inflammatory/and prone to be released.  

 

2-Telomeric shortening: the progressive decay of the anti-inflammatory back up that 

unleashes inflammation.  

Genomic (g)DNA that leaks out the nucleus cooperates with mtDNA in triggering the inflammatory 

response12. Interestingly, gDNA is not pro-inflammatory in all the experimental settings12, this 

finding leads to propose that gDNA contains features (that may vary with cells of origin, age of the 

individual and epigenetic changes) that can affect its pro-inflammatory capability45. In particular, 

telomeric DNA fragments have been shown to have anti-inflammatory action on extracellular and 

cytoplasmic DNA receptors12,46. Telomeres are double-stranded DNA sequences that protect the 

open ends of chromosomes47. The shortening of the telomeres with cellular aging has long been 

known for at least half a century48,49. Notably, the length of the telomere decreases not only during 

cellular aging but also in cells from aged subjects affected by common age related diseases10,50,51. 

Upon telomere shortening, a state of replicative arrest with consequent cellular senescence ensues, 

followed by the activation of inflammatory cytokines release (Senescence associated secretory 

phenotype, SASP)52,53. Nowadays, SASP is considered as a major source of inflammaging11. 

Telomere shortening also occurs when cells are subjected to a major stress such as viral infection, 

even in absence of any cell proliferation54. Different mechanisms of telomere shortening have been 

proposed49. In particular, it has been observed that the telomere is actively kicked off the nucleus 

and can be found in the cytoplasm and in extracellular fluids, including plasma EVs12,55,56. 

Therefore, telomere shortening can be also attributed to an active telomere fragments shedding 

which, as indicated above, may exert its intrinsic anti-inflammatory function as a free molecule46. 

Indeed, the anti-inflammatory activity of telomeric repeats is mediated by the inhibition of innate 

immunity receptors such as TLR-947, AIM257. In this regard, the data indicate that the free telomeric 

DNA fragment can favorably switch off the mtDNA/TLR-9/NF-kappaB axis following ssRNA 

virus infection19. In addition, free telomeric DNA dampens the mtDNA/TLR-9/NF-kappaB axis in 

the respiratory system where the massive release of mtDNA following endotracheal intubation has 

been described37. Following these findings, the progressive loss of the telomeric anti-inflammatory 

reserve with aging is likely to be associated with the phenomenon of inflamm-aging10,12. In other 

words, gDNA released from cells during death or active phenomena29 (NET or netosis) may exert 

pro-or anti-inflammatory activity depending upon the amount of its telomeric content. In regard to 
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this issue, it has been demonstrated that gDNA has a limited ability to induce inflammation through 

TLR-9, but that this activity is greatly increased after the cleavage of telomeric ends58. Therefore, 

we expect that young subjects are endued with an abundant anti-inflammatory reserve that would, 

on average, worn off in the elderly, especially in those suffering from comorbidities associated with 

shortened telomeres50,51,59. In case of an acute event, such as SARS-CoV-2 infection, the 

insufficient amount of telomere in extracellular DNA pool will unleash its pro-inflammatory 

potential that will add up to that of mtDNA. This scenario envisages also that young people, endued 

with short telomeres for environmental and/or genetic reasons will be more likely to undergo severe 

prognosis upon SARS-CoV-2 infection. The pictures may even more complex, by taking into 

account that the shortening of the telomeres triggers the transcription of an mRNA named as 

Telomere repeat-containing RNA (TERRA)60. When TERRA binds to telomere ends it forms the so 

called DNA:RNA hybrids60. Notably, RNA:DNA hybrids, irrespective of their sequence, are 

powerful activators of inflammation via TLR-9 and cytoplasmic DNA sensors61,62. These findings 

suggests that gDNA with shortened telomeres, not only is devoid of its intrinsic anti-inflammatory 

reservoir, but also contains increased levels of pro-inflammatory telomeric RNA:DNA hybrids. 

This scenario is more likely to occur in aged people and/or in those people who are affected by 

genetic/environmental causes of telomere shortening. Notably, EVs that contain TERRA and its 

cognate telomeric DNA sequence are likely to contain valuable amounts of RNA:DNA hybrids and 

have been demonstrated to exert a potent pro-inflammatory activity57. As plasma EVs contain 

TERRA, telomeric DNA and mtDNA30,56 these nano-sized structures may exert a crucial role in 

controlling the pro/anti-inflammatory balancing of inflamm-aging as well as SARS-CoV-2 

infection. Overall the above depicted scenery foresees that the assessment of telomeres DNA and 

TERRA RNA (as well as their cognate RNA:DNA hybrids) in the plasma (and in plasma EVs) 

would provide a useful tool to assess the DNA dependent inflammatory make-up of SARS-CoV-2 

affected patients 

3-How modeling inflamm-aging may help in understanding COVID-19 pandemic. 

The interpretative model described above even accommodates the wide gender disparity of COVID-

19 lethality which amounts at least in Italy, to a male vs female ratio of 71,4% vs 29,6% 

(https://www.epicentro.iss.it/coronavirus/sars-cov-2-decessi-italia). Indeed, elderly man especially 

those affected by age related disease are endowed with shortened telomeres compared to aged 

matched women63. Moreover, mtDNA instability is higher in males63, thus, the pro-inflammatory 

unbalancing is more likely to occur in aged males which suffer from an accelerated inflamm-aging 

compared to females64. Moreover, the model makes an attempt not only to explain the deleterious 
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effects of SARS-CoV-2 in elderly patients, but also allows explaining the exceptions, i.e. those 

young people who undergo adverse outcomes and those very old patients who, unexpectedly, 

recover. In fact, it is known that our chronologic age does not exactly match to that on the identity 

card but we are characterized by a biological age65. Biological age can be measured throughout a 

variety of molecular parameters including the extent of epigenetic changes in certain sites of our 

genome66. Moreover, there are hints showing that some “unusual people, such as long living ones 

have an decelerated rate of biological aging67. Therefore, there are young people who are 

biologically older than expected and old ones that are biologically younger than expected45,67 

(extreme case are the centenarians). This reasoning is valid also for telomeres, whose length are 

unexpectedly long in centenarians45 corroborating the hypotesis that are exceptional individuals 

with a unique genetic and/or epigenetic background68. Consequently, based on the premises above 

described, the characterization of inflamm-aging and the mtDNA/telomere make-up of the patient 

may help the clinicians in the triage and/or in the follow up of SARS-CoV-2 affected people. In 

particular, determinations may be performed at a low cost and with very basic laboratory 

equipment: namely, assessing telomeric and mtDNA in plasma and PBMC to test the hypothesis 

that the lower is the mtDNA/Telomere ratio the worse is prognosis. The same assays in the plasma 

EVs fraction may be more informative, even though at present they may be prohibitive or rate-

limiting for most laboratories. Also the assessment of mtDNA genetic variability by deep 

sequencing/site specific PCR assays will be suitable to test the hypothesis that mtDNA variants that 

are more/less common in certain ethnic/geographic groups differ in their pro/anti-inflammatory 

triggering potential. The pro-inflammatory capability of the patient DNA obtained from plasma (or 

plasma EVs) can be tested in vitro on target cells. This latter is a very specialized assay that requires 

experienced laboratories of cell biology. Nevertheless, the model above described not only proposes 

insight into the understanding of COVID-19 pathophysiology, but also paves the way to provide 

upgraded rationale for the repurposing of anti-inflammatory drugs alone/or in combination in 

COVID-19 disease. In this regard, global (as well as Italian) phase III clinical trial in which 

commercially available anti-IL-6 is administered to COVID-19 patients has been undertaken 

(NCT04317092; NCT04315480; https://www.aifa.gov.it/documents/20142). In turn, a global 

clinical trials proposed by WHO are aimed at testing anti-viral drugs (eg. Remdesivir, Lopinavir, 

NCT04280705, NCT04315948) alone or in combination with type I interferon (NCT04293887, 

NCT04320238) and/or chloroquine/hydroxychloroquine (NCT04303507, NCT04307693, 

NCT04318015). These drugs are well implemented in the model we have proposed. In particular, 

chloroquine may not act as generic “anti-inflammatory drug” but it may hampers SARS-CoV2 

pathogenesis via its capability to halt TLR9 pathway during sepsis69. The above quoted repurposing 
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armory may be enriched by additional anti-inflammatory drugs-based approaches. DNA 

oligonucleotides containing the telomeric sequence, though have not yet reached the use in humans 

but have been indeed explored in several in vitro and in vivo models, in which showed the ability to 

inhibit the TLR9 and AIM2-driven inflammatory pathways28,37,46,57. Nevertheless, telomeric repeats 

belong to a large family of polyguanosine rich (G-rich) DNA oligonucleotides that exert a variety of 

anti-inflammatory activities in various experimental settings70-73. Intriguingly, Defibrotide, a drug 

made by a mixture of G-rich oligonucleotides is also endowed with a potent anti-inflammatory 

activity74. Currently, Defibrotide is employed in the treatment of Veno Occlusive Disease (VOD), a 

life-threatening complication due to liver endothelial injury causing embolization of erythrocytes, 

following hematopoietic stem cell transplantation74-76. Moreover, Defibrotide is currently tested in 

several inflammatory conditions such as the prevention of acute Graft versus host disease (GVHD) 

(NCT03339297) and neurotoxicity after CAR-T cell therapy (NCT03954106). In conclusion, the 

above-described scenario, summarized in figure 1, depicts how studies on inflamm-aging may help 

to understand and combat COVID-19 pandemic. Hopefully, this approach will help the ongoing 

struggling against the unprecedented pandemic that is spreading worldwide in 2020. 
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