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Do compromised mitochondria aggravate severity and fatality by SARS-CoV-2?
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ABSTRACT
At global level, the pandemic coronavirus disease 2019 (COVID-19) is known to be caused by an etio-
logic agent severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Numerous evidence and
propositions have emerged on the molecular and cellular attributes that cause COVID-19.
Notwithstanding, still several key questions with reference to molecular aspects of severity of infection
by SARS-CoV-2 need to be answered. In the same line, the role of healthy mitochondria to maintain
intracellular temperature and their association with the severity of SARS-CoV-2 is completely missing.
In this direction, preclinical and clinical data on the comorbidities in the case of mitochondrial defect-
ive disease and COVID-19 are not available. The authors propose that patients harboring primary mito-
chondrial disease and secondary mitochondrial dysfunction will display a higher severity and death
rate compared to healthy mitochondria harboring patients.
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Introduction

In every sphere of life, coronavirus disease 2019 (COVID-19)
as a respiratory disease has created health disasters. Several
clinical studies have suggested that COVID-19 is led by a
novel coronavirus that shares structural features with the
virus that causes severe acute respiratory syndrome
(SARS)1–7. Several models have proposed the infection phase
starting from binding of SARS-CoV-2 to ACE-2 expressing
nasal epithelial cells in the upper respiratory tract that is
referred to as initial infection as presymptomatic/asymptom-
atic stage5–10. Further, SARS-CoV-2 infects ACE-2 expressing
alveolar epithelial cells as an early phase symptomatic stage.
In spite of emerging etiologies of SARS-CoV-2, there is a lack
of information on the role of functional mitochondria that
maintains the intracellular temperature and severity of infec-
tions in the case of COVID-19 patients.

In the current scenario, there is progress in the preclinical
and clinical aspects of COVID-19. However, at intracellular
and intercellular levels, understanding is limited that may
predispose to the severity and fatality by SARS-CoV-2.
Organization of various cellular organelles including mito-
chondria and their link with the replication and assembly of
SARS-CoV-2 in the infected epithelial cells are not
well studied.

To have a proof of concept on the role of mitochondrial
functionality that maintains the intracellular temperature, a
proposition is warranted to collect data on the preclinical
and clinical cases with severity and comorbidities in view of
co-occurrence of COVID-19 and primary mitochondrial dis-
ease/secondary mitochondrial dysfunction. The key highlights

of this paper is bringing awareness and sensitization among
basic scientists, preclinical, clinical, epidemiologists, and
health service provides including National and International
agencies including WHO to realize the need to create a plat-
form so that better diagnostics and therapeutics can be
delivered to patients having the co-occurrence of mitochon-
drial related diseases and COVID-19. The importance of this
paper should be limited only to COVID-19, but potentially
link with any respiratory virus diseases to vulnerable popula-
tions specifically harboring mitochondrial diseases of primary
and secondary in nature.

Mitochondrial dysfunction and human diseases

Mitochondria is known as a power of cell and a hub for an
intracellular signaling pathway that controls various cellular
processes including metabolic and death processes11–13.
Functional mitochondria are a key to normal physiological
processes. Conversely, dysfunctional and defective mitochon-
dria are linked to various human diseases including viral
infections, cancer, and metabolic disorders13–17.

Among the various human disease conditions, primary
mitochondrial disorders (PMDs) are considered as inherited
and genetic defects due to germline mutations in mitochon-
drial DNA (mtDNA) and/or nuclear DNA (nDNA) genes that
encode proteins involved in oxidative phosphorylation13–20.
In the context of PMDs, notable ones are mitochondrial
myopathy, Leber’s hereditary optic neuropathy (LHON), Leigh
syndrome, and MERRF syndrome and other disorders.
Among many PMDs, mitochondrial myopathies affect the
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debilitation of skeletal muscle and also respiratory muscle of
lung airway and quadriceps. Such PMDs in the form of mito-
chondrial dysfunction in the respiratory muscle in the lung
may have relevance that may explain the respiratory failure
in the COVID-19 patients as an outcome and may serve as
indirect evidence of mitochondrial dysfunction and COVID-19
outcome21–25.

Secondary mitochondrial dysfunction in human diseases
are known to refer to a number of different genetic disorders
that includes ethylmalonic aciduria (caused by mutation of
ETHE1), Friedreich ataxia (FXN), and hereditary spastic para-
plegia 7 (SPG7), Wilson disease (ATP7B), aging, cancer, and
lung fibrosis15–20,26,27. Additionally, mitochondrial disorders
could be developed as acquired or induced by drugs and
other stress factors. In fact, aging is also seen as a secondary
mitochondrial dysfunction and the link between aging and
COVID-19 is evident in the literature. Importantly, the sec-
ondary mitochondrial disorders such as lung COPD, idio-
pathic pulmonary fibrosis (IPF), cancer, or acute
respiratory distress syndrome (ARDS) in relation to old age
and COVID-19 severity, and this could be seen as indirect
clinical evidence of mitochondrial functions and COVID-19
outcome28–31. Altogether, PMDs and secondary mitochondrial
disorders with the mitochondrial dysfunction need molecular,
cellular, preclinical, and clinical approaches to understand
the effects of altered intracellular and extracellular tempera-
ture in the lung tissues in relation to the binding, replication,
and assembly of SARS-C0V-2 that is known to influence the
COVID-19 outcome.

In such pathophysiological conditions, mitochondria dis-
play significant aberrations in the ATP production13–17.
Additionally, secondary mitochondrial diseases are also linked
with mitochondrial dysfunctions with a defective electron
transport chain and reduced ATP production. In fact, during
primary and secondary mitochondrial disease conditions, cel-
lular metabolic profile shifts from mitochondria-based to gly-
colysis-based energy production. Globally, one in 5,000
individuals have primary mitochondrial disease conditions as
inherited disorders11–17. Among the secondary mitochondria
disease conditions, various diseases such as diabetes, cancer,
Alzheimer’s disease, muscular dystrophy, and Lou Gehrig’s
disease. Therefore, disturbances in the tissue homeostasis
impact various external factors including virus infection and
that may lead to the mitochondrial dysfunction and subse-
quent metabolic reprogramming of infected cells.

Mitochondrial function and intracellular
temperature

The role of mitochondria in cellular functions is well studied
and includes generation of ATP, metabolites, calcium homeo-
stasis, retrograde signaling to nucleus and maintenance of
intracellular temperature through dissipation of energy32–36.
In other ways, mitochondria as a tiny power house is capable
of ATP generation and during the generation of ATP, tem-
perature within the mitochondria and in the close vicinity is
significantly high at the intracellular level18–20,26,27,37–39.

An interesting paper made clear experimental observa-
tions on the distinctive intracellular temperature in the case
of functional mitochondria over depleted mitochondrial DNA
or treated with respiratory inhibitors. It is important to note
that measurement of intracellular temperature by using a
fluorescent probe indicated that human embryonic kidney
(HEK) 293 cells and primary skin fibroblasts maintained 10 �C
higher, which is close to a 50 �C temperature over defective
mitochondria function18. In literature, there are reports on
the intracellular temperature measurement with reference to
mitochondrial status. But, significant gaps are observed to
substantiate the data on the tissues and organs by using
in vivo and ex vivo models. Furthermore, estimation of intra-
cellular and extracellular temperature in cases of tissues and
organs of COVID-19 patients is lacking. In fact, these would
be interesting experiments to measure the temperature of
these tissues and organs with reference to COVID-19 patients
and importantly with various classifications of mitochondrial
disorders including primary and secondary mitochon-
drial diseases.

Another key measurement technique by employing
upconversion nanoparticles (UCNPs) provided convincing evi-
dence of significantly high intracellular temperature in HeLa
cells during in situ temperature measurement37. These prom-
ising temperature measurements by fluorescent probe and
nanoparticle based tools will facilitate the need of direct
measurement of temperature in vitro, in situ, in vivo, and ex
vivo for various human disease models including COVID-19
so that a clear correlation can be made regarding the status
of mitochondria in affected cells of tissues/organs with a
clear demarcation of intracellular and extracellular tempera-
ture. In future, measurement of intracellular and extracellular
temperature of affected tissues and organs of COVID-19
patients with a category of mitochondrial disorders and
healthy mitochondria will shed light on the molecular patho-
genesis by SARS-CoV-2 in terms of molecular mechanism of
cellular machinery that is hijacked by SARS-CoV-2.

Literature is limited in the case of in vivo and ex vivo that
clearly measured the temperature of living cells, tissues, and
organs of COVID-19 patients in various stages of pathogen-
esis. However, limited data emerged on the measurement of
body temperature in the case of COVID-19 patients. Data
suggested that among all COVID-19 patients, variable body
temperature was recorded and around 31% of patients
showed >100.4 �F/38 �C body temperature. There is a clear
indication on the effects of temperature on the SARS-CoV-2
binding to ACE2 and also the replication and assembly of
viruses. Therefore, an indirect relation between differential
temperature and SARS-CoV-2 pathogenesis is being per-
ceived. Such study proposed that all COVID-19 patients do
not present the high temperature and the reasons could be
linked with many aspects, including the status of mitochon-
drial functionality.

Molecular propositions to link and mitochondria
and COVID-19

The role of mitochondria has emerged in various cellular
processes including energy demands, death signals, and
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pathological stress. Hence, mitochondria are seen at the cen-
ter of tissue homeostasis during normal and disease condi-
tions11–13. Based on the above understanding, we make a
proposition that mitochondrial defects and dysfunction in
primary and secondary mitochondrial disease conditions may
achieve intracellular environment that may support the repli-
cation and assembly of SARS-CoV-2 in specific cells such as
nasal epithelial cells and alveolar epithelial cells. In this way,
the severity of SARS-CoV-2 among COVID-19 patients with
primary and secondary mitochondrial disease conditions is
potentially linked to high replication and assembly of SARS-
CoV-2.

Energy generated by mitochondria is used up to 40% for
ATP production and 60% of energy is dissipated as heat to
serve as the thermostatic radiators to maintain the required
intracellular and extracellular temperature gradient18–20,26,27.
There is a well-accepted view on the dynamic and gradient
based maintenance of intracellular temperature including a
compartment close to ER40–44. Therefore, it is logical to pro-
pose the role of healthy and functional mitochondria in the
maintenance of intracellular temperature gradients across
from the nucleus to the close vicinity of ER and most import-
antly dynamic in nature.

A possible explanation is that mitochondria is well-
connected to the endoplasmic reticulum for various intracel-
lular signaling cascades including calcium signaling40–44.
Such intracellular compartmentalization of cells may be a
well-articulated cellular landscape to achieve various cellular
processes including translation and assembly of organelle
structure. Therefore, inter-organelle communication is key for
the normal cellular landscape.

Furthermore, a pertinent question is asked on the number
of mitochondria in a nasal epithelial cell that are targets of
SARS-CoV-2. Based on the existing understanding, there are
a large number of functional mitochondria in epithelial cells,
including nasal, alveolar, and intestinal tissues14–20,26. Besides
the number of mitochondria, an insight on the ratio between
mitochondrial ATP production and glycolytic ATP production
is also important. Existing data support that glycolytic ATP
production increases during physiological stress, including
mitochondrial dysfunction14–17.

In view of the pivotal role of mitochondria generated
heat and temperature gradient at intracellular and extracellu-
lar levels, a proposition is logical that changes in the mito-
chondrial function may compromise the temperature
gradient. Such cellular physiology may be linked to the
physiological stress, including the replication and assembly
of SARS-CoV-2 in specific cells such as nasal epithelial cells
and alveolar epithelial cells that are primary targets of SARS-
CoV-2. Furthermore, there is evidence that temperature is
one of the potential factors behind the stability and assem-
bly of SARS-CoV-2 at the intracellular and extracellular levels.
Hence, changes in the temperature at intracellular and extra-
cellular levels in the case of nasal epithelial cells and alveolar
epithelial cells can contribute towards the entry and intracel-
lular stability and assembly of SARS-CoV-2. Besides the role
of dysfunctional mitochondria in bringing the intracellular
temperature to more favorable for growth and assembly of

SARS-CoV-2, deregulated cellular energetics may help the
severity of SARS-CoV-2 in other intracellular signaling path-
ways, including calcium, chaperone, and ER stress.

Furthermore, highly recent papers have suggested that,
among highly severe and fatal cases due to SARS-CoV-2,
15% of such cases show the inborn error of interferon
immunity45,46. In fact, such findings are novel and the first of
their kind to link SARS-CoV-2 infection and inborn error of
immunity among the exposed human population. In this line
of evidence, our proposition is warranted to explore the con-
tribution of mitochondrial dysfunction including both inher-
ited/inborn genetic mitochondrial diseases and secondary
mitochondrial dysfunction as predisposition factors behind
the severe and fatal SARS-CoV-2 infected patients. An inter-
esting paper presented views on the contributions of intra
and extracellular function of mitochondrial function in the
pathogenicity of COVID-1947.

Taken together, the outcome of COVID-19 is suggested to
be multifactorial in nature, including intracellular (mitochon-
drial dysfunction), intercellular (levels of platelets, immune
cells), tissue heterogeneity (gut microbiome), dietary factors
(Vitamin C, Vitamin D, Calcium), and various other environ-
mental factors including emotional and social fac-
tors32–36,42–49. This paper discussed the link among cytokine
storm, mitochondrial oxidative stress, and also microbiota
dysbiosis that aggravate the severity of COVID-19. Our prop-
osition is well supported by the views presented by Saleh
et al.47 A proposed model is illustrated in Figures 1 and 2.

Mitochondrial functionality and cytokine storm
(inflammation)

Mitochondrial function is a key factor that contributes to the
metabolic reprogramming in health and various disease

Figure 1. A proposed model on the link between defective mitochondria regu-
lated intracellular temperature and high severity of COVID-19. In the case of
alveolar epithelial cells, defective mitochondria potentially are not able to con-
tribute towards intracellular temperature. In fact, intracellular temperature is
proposed to be lower compared to the alveolar epithelial cells with healthy
and functional mitochondria.
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conditions including cancer, metabolic disorders, and aging
and virus diseases12–18. Cytokine storm, one of the hallmarks
of COVID-19, is known for creating heightened inflammation
in COVID-19 patients, specifically higher implications in the
old age population5–8. It is interesting to note that cytokine
storms may contribute to inflammation during aging and
this may be potentially mediated due to the compromised
mitochondrial vitality due to various factors including oxida-
tive stress, environmental chemicals, and biological agents
including viruses. However, data is limited in terms of other
than aging, the implications of primary and secondary mito-
chondrial disorders in the exposed populations, because the
severity of COVID-19 among the old age population is differ-
ential. Therefore, direct and indirect evidence on the intracel-
lular and extracellular temperature of affected cells due to
SARS-CoV-2 could be correlated with three important factors:
cytokine storm mediated inflammation, aging, and the status
of mitochondria. Other views are presented in terms of
effects of good mitochondria due to physical activity and
more resistance to the cytokine storm associated SARS-CoV-2
implications21,37–39,50. This is well discussed in the case of
bats that show resistance and their association with better
environmental adaptations with high physical activities that
help them to maintain a higher function of mitochondria.

Indirect clinical association between mitochondrial
disorders and COVID-19 outcome

A small study group projected the association of COVID-19
related outcomes in the case of PMDs in terms of hospitaliza-
tion and respiratory dysfunction25. This study opened up

discussion on the involvement of functional mitochondria in
the molecular pathogenesis of SARS-CoV-2 including the
intracellular and extracellular environment such as tempera-
ture that can modulate the SARS-CoV-2 associated molecular
interactions. Another viewpoint is relevant with regard to the
metabolic disorders in lung and COVID-19 outcomes. There
is an understanding that metabolic syndrome and lung dis-
eases share common molecular pathways that may predis-
pose to respiratory symptoms, greater lung function
impairment, pulmonary hypertension, and asthma. On the
other hand, COVID-19 is known to cause respiratory symp-
toms and greater lung function impairment. Interestingly,
growing views have surfaced to connect the metabolic syn-
drome and abnormalities with the pathogenic mitochondrial
dysfunction. Therefore, looking at the molecular pathogen-
esis of COVID-19, the involvement of mitochondria controlled
intracellular and extracellular temperature environment
needs more attention and debate with suitable in vitro,
in vivo, and ex vivo studies that will help to establish better
understating in these growing interests.

Preclinical and clinical perspectives

The proposed views and experimental approaches suggest a
new dimension on the relevance of mitochondrial function
and intracellular temperature within the nasal and alveolar
epithelial cells of patients exposed to SARS-CoV-2. Such cel-
lular understanding paves the way for taking into consider-
ation such heterogeneity at mitochondria and cellular levels
during any pharmaceutical interventions. The proposed views
may bring in future biomarkers related to the COVID-19 and
mitochondrial disease dysfunctions. Additionally, proposed
experimental approaches may help to explore pharmaceut-
ical interventions in the form of dietary mimetic to enhance
the mitochondrial function and intracellular temperature in
the case of COVID-19 exposed patients. One of the limita-
tions in clinical studies centered on mitochondrial dysfunc-
tion is lack of sufficient patients with mitochondrial
dysfunction and SARS-CoV-2 infected patients. Besides clin-
ical studies, the established animal model on mitochondrial
dysfunction and COVID-19 is a limitation. In summary,
research communities focusing on molecular, preclinical, and
clinical aspects on mitochondrial dysfunction including gen-
etic mitochondrial diseases and secondary mitochondrial dys-
function need to be strengthened so a better connection
between the scientific world and social world may be
achieved. Besides some developed countries, awareness on
the mitochondrial related genetic diseases is not appreciable
in developing countries including India. Therefore, genetic
and molecular based testing on mitochondrial disorders and
their potential link with the severity of COVID-19 should be
one of the focuses of healthcare services run by the National
and International agencies.

Futuristic experiments

Epidemiological data is proposed to show the co-occurrence
of COVID-19 and mitochondrial disease that may bring the

Figure 2. A proposed model on the link between healthy mitochondria regu-
lated intracellular temperature and less severity of COVID-19. Alveolar epithelial
cells with healthy and functional mitochondria maintain slightly higher tem-
perature than the alveolar epithelial cells with defective mitochondria. Here,
the proposed model suggests that an optimal intracellular temperature of
alveolar epithelial cells with good mitochondrial may not be a better intracellu-
lar environment for the replication and assembly of SARS-CoV-2 compared to
alveolar epithelial cells harboring defective mitochondria.
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severity and comorbidities. Data will establish the correlation
between two pathophysiological conditions; COVID-19 and
patients with mitochondrial disease. An experiment may be
proposed at in vitro level with the help of nasal and alveolar
epithelial cells with functional mitochondria and depleted
mitochondria to see the effects of infection by SARS-CoV-2.
Furthermore, use of fluorescence thermometer probes may
be used to measure the intracellular temperature in the case
of nasal and alveolar epithelial cells infected by SARS-CoV-2
in both settings with functional mitochondria and depleted
mitochondrial DNA32–36. During the in vitro experiment, we
propose to study the replication and assembly efficiency of
SARS-CoV-2 in the case of nasal and alveolar epithelial cells
infected by SARS-CoV-2. Furthermore, evaluation of mito-
chondrial functionality and SARS-CoV-2 replication and
assembly is proposed by the use of mitochondria depleted
nasal and alveolar epithelial cells. Besides the above pro-
posed experiments, understanding on the mitochondrial
functionality and COVID-19 pathogenesis may be translated
in the form of drugs that can strengthen the biogenesis of
healthy mitochondria in the case of patients with bad/
unhealthy mitochondria.
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