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Mitochondria are known as power houses and energy suppliers for our cells, but they also contribute to
safeguard against pathogens. They can take action in immune responses. Viable mitochondria are
critical for cellular function and homeostasis.Functional mitochondria are a key to normal physiological processes. Conversely,
dysfunctional and defective mitochondria are linked to various human diseases including viral infections, cancer, and
metabolic disorders. Mitochondrial dysfunction in the respiratory muscle in the lung may have relevance that may explain the
respiratory failure in COVID-19 patients as an outcome and may serve as indirect evidence of mitochondrial dysfunction and
COVID-19 outcome. The SARS-CoV-2 membrane protein can directly cause mitochondrial apoptosis, which may lead to
enhanced lung injury.Viruses affect mitochondrial functions and impact mitochondrial metabolism and innate immune
signaling. Mitochondria are closely involved in SARS-CoV-2 replication. Mitochondrial dysfunction and associated oxidative
stress drive the production of pro inflammatory cytokines that, in turn, play an important role in the immune response. FGF-21
was proposed as a biomarker of mitochondrial dysfunction, and many diseases are characterized by alterations of myokine

secretion

KEYWORDS :

INTRODUCTION

Disruption of normal mitochondrial function is detrimental to
cell viability. Neurons are particularly dependent on
mitochondria for calcium buffering and ATP production and,
therefore, are highly susceptible to mitochondrial defects.(1)

Human mitochondria encodes for 13 polypeptides, two
ribosomal RNA, and 22 e transfer RNA genes (2)

Mitochondria are essential for control of the cell cycle, immune
function, mitochondrial quality, and apoptosis (3)

The critical role of mitochondria in eliciting innate and
adaptive immune responses immune signaling pathways (4)

Mitochondria-mediated immune signaling, activation,
transcription, differentiation as well as the survival of various
types of immune cells (5)

Viruses use various mechanisms to target host cell
mitochondria for their growth, survival, weakening the host
cellularimmune response and cell killing (6)

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)

(7,8)

Viral infections adversely affect mitochondrial structure and
functions, and impact the metabolism and immune
signalling(9)

Recent scientific investigations have suggested the critical
role of mitochondria in eliciting parts of innate and adaptive
immune responses (10)

Mitochondria controls various cellular processes including
metabolic and death processes (11,12)

Mitochondria-mediated the survival of various types of
immune cells (13)

It is now clear that viruses use various mechanisms to target
host cell mitochondria for their growth and survival, further
weakening the host cellular immune response and enhancing
cell killing (14)

Importantly, the secondary mitochondrial disorders such as
lung COPD, idiopathic pulmonary fibrosis (IPF), cancer, or
acute respiratory distress syndrome (ARDS) in relation to old
age and COVID-19(15,16)

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 population
(17,18)

Fibroblast growth factor 21 (FGF-21), also known as myokine,

regulates many important metabolic pathways (19).

SARS genome encoded proteins may target and modulate
anterograde and retrograde signaling to control the
mitochondrial function (20)

Structure of SARS-Co2

Coronaviruses are large, violently globular molecules with
peculiar surface protrusions. Their size to a great extent
fluctuates with 80 to 120 nm. They are surrounded by a number
of protein molecules. The envelope is made up of a dual lipid
layer, the membrane (M), envelope (E) and spike (S) structural
proteins . The E and M protein are the structural proteins and
justify its size The M protein provides the overall shape.It
consists of 218 to 263 amino acids.It has three domains, a short
N-terminal ectodomain, a triple-spanning transmembrane
domain,and a C-terminal endodomain.The C-terminal
domain forms a matrix-like lattice.Different species can have
either N- or O-linked glycans .The M protein is crucial during
budding,and envelope formation.The E proteins are minor
structural proteins They are responsible for virion assembly,
and morphogenesis.The spikes are the most distinguishing
feature of coronaviruses.

Each spike is about 20 nm long.The S protein has S1 and S2
subunits.S protein is a fusion protein that interferes with the
binding and membrane fusion of the virus and host cell.The S1
subunit forms the head of the spike The S2 subunit forms the
stem of the spike. The virus binds and fuses with the host cell
with cathepsin and transmembrane protease serine 2
(TMPRSS2) of the host cell

How coronainfects cells

The Coronavirus enters through the nose or mouth,and
reaches the airways.The coronavirus outer spike hooks onto
specific receptors on the surface of the cell's of the respiratory
tract. COVID-19,hooks on to the ACE2 receptor. Coronaviruses
first bind to a cell surface receptor for viral attachment,
subsequently enter endosomes, and eventually fuse viral and
lysosomal membranes.Then the virus fuses into human cells,
and allowing the virus to release the genetic material into the
cell.The genetic blueprint of the virus is RNA,acts as a
message, and translate it into proteins that make up new virus
particles.It has been shown that TMPRSS2 and lysosomal
proteases are both important for SARS-CoV-2 entry.The virus
hijacks the host cell's functions to produce the components
needed for it to create copies of itself. Those components self-
assemble into new viruses, which eventually burst from the
host cell and go on to infect other cells, either in the original
host or in a new host.The protein spikes covering the virus's
envelope allow it to bind to receptors on the host cell's lipid
membrane, leading to infection and sometimes illness.

Clinical manifestations of COVID-19.

I. Heart---Hypotension,Arrhythmias,Ischaemia, Cardiogenic
shock

2. Lungs---Pneumonitis,Pulmonary oedema,ARDS
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3. Vascular--Cytoplenia,Coagulopathy,Endothelial
damage

4. GIT-Nausea, Vomiting,Anorexia,Diarrhea, Vomiting

5. Liver--Hepatomegaly Increased ALT,LDH

6. General--Fever,Headache,Fatigue

7. Renal--Acute kidney injury,Proteinuria, Renal failure

8. Nervous System--Confusion,Delirium, Encephalopathy,
Stroke

Immunopathology

SARS-CoV-2 has an involuntary orientation by an organism
for ACE2-expressing epithelial cells of the respiratory tract
with people with severe COVID 19 have symptoms. Clinical
laboratory findings of elevated IL 2, IL 7, IL 6,GM CSEF,
interferon gamma, monocyte chemoattractant protein 1
(MCP1), macrophage inflammatory protein 1 alpha(MIP 1
alpha), and (TNF a) are elevated

The cytotoxic T cells kill the virus cells and the antibody-
producing B cells. SARS-CoV-2, controls the MHC class I and I
molecules, which inhibits the T-cell mediated immune
responses. COVID-19,patients have lower total lymphocyte
counts and higher plasma concentrations of a number of
inflammatory cytokines such as IL-6 and tumor necrosis factor
(TNF). CD4+ helper T cells, CD8+ cytotoxic T cells, and
natural killer cells are all significantly reduced in patients with
severe COVID 19 infections. The pro-inflammatory T cell
subsets and cytotoxic T cells are elevated.

The Glycolytic Pathway

SARS-CoV-2 membrane protein can directly cause
mitochondrial apoptosis, which may lead to enhanced lung
injury . In SARS-CoV-2 have been found to modulate
mitochondria.The glycolytic pathway is a metabolic pathway
of foremost importance in supporting life in almost all
organisms (aerobic or anaerobic). It occurs in the cytosol and,
under aerobic conditions, aims to convert the active form of
glucose (glucose-6-phosphate) (C6H11089P) into pyruvate
(C3H403) (21)

In this pathway, pyruvate and NADH (C21H29N7014P2), as
shown in the following equation "C6H1206 + 2ADP + 2Pi+
2NAD + — 2C3H403 + 2ATP + 2NADH + 2H+"(22)

These intermediates are subsequently used in the
mitochondria, in the tricarboxylic acid (TCA) cycle for the cell
respiration process and oxidative phosphorylation
(OXPHOS), which in turn produces other intermediates that
are used in the electron transport chain for production of large
amounts of adenosine triphosphate (ATP) (CI0H16NSO13P3),
which is the most important form of chemical energy for the cell
(23)

At the end of the glycolytic pathway, only two molecules of ATP
are produced per glucose molecule, whereas through
OXPHOS the yield rises to 32 molecules of ATP per glucose
molecule Under aerobic conditions, the pyruvate produced in
the glycolytic pathway is transported into the mitochondria
and by the action of the pyruvate dehydrogenase enzyme
complex, it is converted into acetyl CoA (C23H38N7017P3S),
which is used in oxidative phosphorylation to produce
important intermediates for the electron transport chain
Oxygen is used as the final electron acceptor at the end of the
electron transport chain, and part of this oxygen is
transformed into reactive oxygen species (ROS) by
mitochondria, which are the main generators of ROS, evenina
physiological context (24)

The cells modulating SARS-CoV-2 mitochondrial function
COVID-19 patients do have populations of T-cells displaying
mitochondrial dysfunction, as well as altered mitochondrial
markers in monocytes .

Severe acute respiratory syndrome coronaviruses
contributing to mitochondrial dysfunction

Severe acute respiratory syndrome-associated coronavirus
(SARS-CoV) infection manipulates the host cellular machinery
for its survival and replication in the host cell. The infection
perturbed the cellular metabolism that favors viral replication
leading to mitochondrial dysfunction and chronic
inflammation.(25)

SARS-CoV-2 inhibits P62 and LC3 binding which plays a
critical role in selective envelopment of mitochondria into
autophagosomes.(26)

High-resolution of mitochondrial complex I—Insights into the
proton pumping mechanism

These complexes are known as NADH: ubiquinone
oxidoreductase (complex I), succinate dehydrogenase
(complex II), ubiquinol-cytochrome ¢ oxidoreductase
(complex III, or cytochrome bcl complex), cytochrome c
oxidase (complexIV), and ATP synthase (complex V). Complex
I is the first enzyme of the respiratory chain.Mitochondrial
complex I (NADH:ubiquinone oxidoreductase) is a crucial
enzyme in cellular metabolism, central to NAD+ homeostasis,
respiration, and oxidative phosphorylation, and a key
contributor to the production of cellular reactive oxygen
species (ROS) (27)

Impact of COVID 19 on Mitochondria

At the cellular level, mitochondria, essential organelles that
regulate energy homeostasis and cell death, may be critically
impacted by COVID-19, contributing to disease progression
and severity (28)

Since mitochondria are the chief cellular regulators of
oxidative homeostasis, increased inflammation may lead to
platelet damage and apoptosis as a result of mitochondrial
dysfunction(29)

In healthy subjects, mitochondrial turnover through
mitophagy, an auto-phagocytic process, is critical for
maintaining proper cellular functions (30)

Mitochondria are constantly undergoing fusion and fission in
a process of dynamic equilibrium, facilitated by movement of
mitochondria within the cell (31)

In COVID-19 patients, mitochondrial fission is inhibited while
fusion is promoted, causing mitochondrial elongation and
providing a receptive intracellular environment for viral
replication (32)

SARS-CoV-2 and Mitochondria

The SARS-CoV-2 uses its spike glycoprotein on the
angiotensin-converting enzyme-2 (ACE-2) host receptor to
enter human host cells (33,34)

The virus particle enters the cell via endocytosis, and it has
been proposed that the spike protein needs to be cleaved by
host enzymes for viral entry to take place (35)

ACE-2 influences mitochondrial functions and a lack of ACE-2
correlates with decreased ATP production and altered
activation of NADPH oxidase 4 in the mitochondria, which is
normally used for ROS production that can both protect the
cell by destroying pathogens or trigger the infected cell to go
into apoptosis.(36)

With the SARS-CoV-2 virus using ACE-2 receptors for its entry,
the availability of ACE-2 for its usual functions may be
impaired and contribute to symptom development (37)
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Researchers Identify Mitochondrial Dysfunction in Heart and
Organs

A recent study published in the journal Science Translational
Medicine showed a link between the coronavirus and
mitochondrial genes, which are crucial in generating energy
within human cells. The study highlighted that the coronavirus
can adversely affect these genes, leading to dysfunction in
various organs beyond just the lungs.

They also observed that the period of highest viral load in the
lungs also did not coincide with the presence of the virus in the
brain. However, even in the cerebellum, a part of the brain, the
expression of mitochondrial genes appeared to be
suppressed. Dr. Douglas C. Wallace, Ph.D., co-senior author of
the study, emphasized the significance of these findings,
suggesting a paradigm shift in the understanding of COVID-
19.(38)

How do Covid-19 damage lungs and mitochondria?

Because viruses can't reproduce without a host, they've been
attacking bacteria for millions of years. Some of those bacteria
eventually became mitochondria, synergistically adapting to
life within eukaryotic cells.

Interferon signaling

Besides their main metabolic roles, mitochondria are well
recognized as pivotal organelles in controlling signaling
pathways essential to restrain viral infections. In particular, a
major role in antiviral defense is played by mitochondrial
antiviral signaling (MAVS) protein, an adaptor protein that
coordinates the activation of IFN inducing pathways and
autophagy at the mitochondrial level.

Innate Immunity and Mitochondria

The innate immune response is the first line of defense against
invading pathogens that is activated following the recognition
of specific entities, called pathogen-associated molecular
patterns (PAMPs), through a series of receptors, termed pattern
recognition receptors (PRRs). Upon detection of PAMPs, the
transcription of a myriad of antiviral genes is activated,
establishing a cellular antiviral state that helps cells to restrict
and/or clear infection (39)

Based on their structures, locations, and functional
specificities, PRRs are separated into discrete families, which
include the membrane bound Toll-like receptors (TLRs), the
cytosolic nucleotide-binding oligomerization domain (NOD)-
like receptors (NLRs), cyclic GMP-AMP (cGAMP) synthase
(cGAS), and retinoic acid-inducible gene I (RIG-I)-like
receptors (RLRs). The activity of these PRRs has been
described to be influenced at various levels by
mitochondria.(40)

The TLRs are a family of transmembrane PRRs that are
activated by the binding of ligands to their C-terminal leucine-
richrepeats. (41)

Inflammatory response and mitochondrial redox in SARS-
CoV-2infection

Cells need to maintain precise levels of ROS and reactive
nitrogen species (RNS) as per requirement as they are used for
signalling, while out of control levels may create trouble for the
cells in multiple ways (42,43)

One of the ways mitochondrial ROS (mtROS) impacts the cell
is through heightened inflammatory response Among the
mitochondria-associated inflammatory cascade, NLRP-3
signalling (44)

plays a pertinent role in COVID-19 which is responsible for
generating pro-inflammatory signals by activating cytokines

(45,46)

SARS-CoV-2 manipulation of mitochondrial machinery and
emergence of cytokine storm

Mitochondria are capable of altering signaling and metabolic
pathways and the transcription of genes within immune cells.
For example, mitochondria can switch the phenotype between
pro and anti-inflammatory in immune cells (47,48)

Furthermore, the virus relies on the mitochondria’s energy
production for sustenance, which leads to the theory that
modulation of mitochondrial metabolism may be effective
against the virus. It is also known that replication of this virus
relies on the production of double-membrane vesicles (DMVs)
from the endoplasmic reticulum.(49)

Mitochondrial Fission and Fusion

Mitochondrial fusion allows the transfer of gene products
between mitochondria for optimal functioning, especially
under metabolic and environmental stress. On the other hand,
fission is crucial for mitochondrial division and quality
control.Mitochondria are highly dynamic organelles that
maintain their morphology via continuous fission and fusion,
also known as mitochondrial dynamics.

Mitochondrial dysfunction and human diseases
Dysfunctional and defective mitochondria are linked to
various human diseases including viral infections, cancer,
and metabolic disorders

Primary mitochondrial disorders (PMDs) are considered as
inherited and genetic defects due to germline mutations in
mitochondrial DNA (mtDNA) and/or nuclear DNA (nDNA)
genes that encode proteins involved in oxidative
phosphorylation (50)

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 debilitation
of skeletal muscle and also respiratory muscle of lung airway
and quadriceps. (51)

Secondary mitochondrial dysfunction in human diseases are
known to refer to a number of different genetic disorders that
includes Friedreich ataxia, Wilson disease, aging, cancer, and
lung fibrosis (52)

Mitochondrial disorders could be developed as acquired or
induced by drugs and other stress factors. (53)

CONCLUSION

Mitochondria are capable of altering signaling and metabolic
pathways and the transcription of genes within immune cells.
Thousands of people infected with the SARS-CoV-2 suffer
long-term symptoms, such as "brain fog”, fatigue, clotting
problems, immune imbalance, incomplete viral clearance and
potentially, mitochondrial dysfunction. To determine the
impact of the SARS-CoV-2 virus on mitochondria, scientists
analyzed tissues of different organs collected from individuals
affected by the virus. The scientists observed that while
mitochondrial gene expression recovered in the lungs, its
functionality in other vital organs, such as the heart, kidneys,
and liver, was compromised.
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