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Viruses are known to hijack the intracellular organelles, including mitochondria,
endoplasmic reticulum, lipid droplets, and cytoskeleton to promote its replication. The
host responds to invading viruses by mounting antiviral responses and rearrangement of
its organelles. In particular, the mitochondria are one of the target organelles exploited by
viruses and their proteins to suppress the host antiviral response. In this review, we have
comprehensively summarized the impact of mitochondrial dynamics in modulating
antiviral response during emerging and re-emerging RNA virus infections caused by
genus Flavivirus (Dengue virus, Zika virus, Hepatitis C virus), and SARS-CoV-2, the
causative agent of COVID-19 pandemic. In addition to knowledge gaps in mitochondria-
virus interaction studies, we discuss recent advancements in therapeutics regulating the
mitochondrial dynamics to combat viral infections.
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INTRODUCTION

In addition to being a powerhouse, mitochondria play a crucial role in various cellular functions,
including cell-cycle control, cell development, and apoptosis (1–3). Mitochondria take a central
stage in cellular metabolism since the tricarboxylic acid cycle (TCA), fatty acid oxidation (FAO),
oxidative phosphorylation (OXPHOS), calcium buffering, and heme synthesis occur within the
mitochondria (4). Due to the overarching role in maintaining cellular homeostasis and innate
immune response, the tight regulation of mitochondrial function is crucial during cellular stress
stimuli and pathogen invasion.

During viral infection, pattern recognition receptors (PRRs) trigger the production of interferons
(IFNs). However, mitochondrial antiviral-signaling protein (MAVS) acts as a central hub for signal
transduction initiated by RIG-I-like receptors, involved in the recognition of viral RNA (Figure 1).

Amongst viral pathogens, RNA viruses are the leading cause of human infections and are
responsible for major epidemics and pandemics, including the ongoing COVID-19. In particular,
the RNA viruses can rapidly mutate resulting in the evolution of new variants which can
escape from the host immune surveillance (5). Several studies show that viral infection alters
mitochondrial dynamics, a synchronized process to combat extracellular threats and maintain
cellular homeostasis (6–9).
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Mitochondrial dynamics encompass the process of
mitochondrial elongation (through fusion) and mitochondrial
division (through fission). In addition, the damaged
mitochondria are removed by mitochondria-selective autophagy,
a process called mitophagy. Together, the synchronization of these
processes maintains the health of the cell and mitochondria-
regulated host metabolism. In the following section, we briefly
discuss these three processes.

a) Mitochondrial Fusion
Mitochondrial fusion is the process of integration of individual
mitochondria into a single organelle. The process involves the
fusion of a) outer mitochondrial membrane (OMM) mediated by
Mitofusin 1 (MFN1) and Mitofusin 2 (MFN2); b) inner
mitochondrial membrane (IMM) mediated by Optic atrophy
protein 1 (OPA1) (10–14). MFN1 and MFN2 are normally
expressed in the same cell and can initiate mitochondrial
fusion independently, suggesting their redundant role (15).

The fusion of the mitochondria stimulates RLR-mediated-
MAVS signaling along with the interaction of MAVS and STING
at mitochondria-associated membranes (MAMs) with the
endoplasmic reticulum (16). Koshiba et al. revealed that
mitochondrial fusion and mitochondrial membrane potential
regulated by MFN1 and MFN2, respectively, are essential for
MAVS-mediated signaling (17, 18). Moreover, the deletion of
MFN1 or MFN2, reduced viral-induced IFNs and pro-
inflammatory cytokines, thereby increasing the viral
replication. Suppression of mitochondrial fusion is usually
favored by the virus for its proliferation and evasion of the
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antiviral innate immune signaling as evidenced in SARS-CoV,
SARS-CoV-2, Influenza, and HIV infection studies (19–21).
Mitochondrial elongation, therefore, exacerbates viral-infection
induced-RIG-I-dependent antiviral innate immunity and aids in
reducing viral replication (Figure 2).

b) Mitochondrial Fission
The splitting up of mitochondria into smaller organelles is known
as mitochondrial fission. It initiates with the recruitment of
dynamin-related protein (Drp1) to mitochondria upon its post-
translational modification (phosphorylation, nitrosylation, and
sumoylation) (22, 23). Drp1 is primarily cytosolic but migrates
to the outer mitochondrial membrane (OMM) to initiate
mitochondrial fission by binding to Fis1. Mitochondrial fission
cascade can also be triggered independent of Drp1, by
endoplasmic reticulum (ER) tubules and actin filaments (24),
wherein close contacts between ER and mitochondria-associated
membranes (MAMs) interact with the fission apparatus (25, 26).
The mitochondrial fission is complemented by mitophagy for the
exclusion of the damaged portion of the organelle (24,
27) (Figure 3).

Smaller mitochondrial size diminishes the RLR (RIG-I-like
receptor) signaling (9). Thus, depletion of Drp1 prevents
mitochondrial fission and boosts antiviral response (28, 29).
Furthermore, the association of ER and mitochondria leads to
the stimulation of cytosolic RNA sensors- RIG-I and MDA5 in a
MAVS-dependent manner during mitochondrial fission (7).
FIGURE 2 | Modulation of mitochondrial fusion by RNA viruses.
Mitochondrial fusion is mediated by OPA1 and mitofusins (MFNs). Their
synchronous effect allows functional tubules to rejoin the mitochondrial
network at large. During viral infection, host cells respond by promoting
mitochondrial fusion to enhances the innate antiviral immune response via
increased MAVS-mediated pathway. The RNA virus and the viral RNA
intermediates try to decrease the levels of MFN1/MFN2 to inhibit the process
of mitochondrial fusion, thereby reducing the RLR antiviral response to
enhance their replication.
FIGURE 1 | MAVS-mediated Antiviral and Inflammatory response during
RNA virus infection. MAVS acts as a central hub to recognize the RIG-I
mediated sensing of viral RNA in the host cell leading to a trigger of NFkB
and IRFs activation leading to transcription of genes regulating inflammatory
and antiviral response during viral infection.
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Viral dsRNA intermediates promote mitochondrial fission
leading to a decrease in RLR signaling activated by the viral
RNA exposure to the host immune system, thereby enabling the
virus replication (28). Likewise, during bacterial infection,
mitochondrial fragmentation is promoted, reducing the host
immune response to enable their intracellular survival (21).
c) Mitophagy
Mitophagy represents the selective autophagy of faulty or
damaged mitochondria to preserve homeostasis of
mitochondrial dynamics at large. Mitochondrial fission upon
stress, infection, or pathological diseases leads to the trigger of
mitophagy as a final cellular rescue response (16, 30, 31).

Mitophagy is facilitated by two independent pathways with
differences in their requirement on ubiquitin (Ub), namely the
PTEN-induced kinase 1 (PINK1)/Parkin pathway and receptor-
mediated pathway (32, 33). PINK1/Parkin pathway is an Ub-
dependent pathway mediated by two key proteins: a) PINK1, a
mitochondrial serine/threonine kinase, and b) an E3 ligase
termed Parkin, a signal amplifier in response to PINK1
activation (34). In regular mitochondrial functioning, cytosolic
PINK1 tagged with a mitochondrial target sequence (MTS)
translocates to the IMM by specific outer and inner
membrane-associated translocases, TOM, and TIM,
respectively. PINK1 is degraded through proteolysis in a
process comprising the elimination of MTS by mitochondrial
processing protease (MPP) and cleavage by presenilin-associated
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rhomboid-like protease (PARL) (27). However, the loss of
membrane potential (DYm) in damaged mitochondria
decreases the activity of TOM and TIM leading to the
stabilization of PINK1 on the OMM (30, 35–38). PINK1 and
Parkin work synchronously to facilitate Ub-tagging of damaged
mitochondrial membranes. Consequently, the dysfunctional
mitochondria are engulfed by a phagophore leading to the
formation of a mitophagosome that ultimately transports it to
a lysosome. Mitophagy can also occur in a receptor-mediated
pathway that includes the receptors on OMM and IMM,
including BNIP3, NIX, FUNDC1, PHB-2, and others (Figure 4).

Some viruses (HBV, HCV, NDV, measles) shift the
mitochondrial dynamics towards fission and mitophagy to
favor viral replication and reduce overall mitochondrial mass
to lessen the host antiviral response (39–42). However, the
functional involvement of mitophagy in the antiviral innate
immune response is still in infancy but holds significant
promise in identifying a potential antiviral therapeutic target.

Impact of Emerging and Re-Emerging
RNA Viruses on Mitochondrial Dynamics
In the following section, we will summarize and discuss the
impact of mitochondrial dynamics on antiviral response, and
viral replication during infection caused by Dengue virus, Zika
virus, Hepatitis C virus, and SARS-CoV-2 (Figure 5
and Table 1).

Dengue Virus
Dengue virus (DENV) is an arthropod-borne RNA virus
comprised of a positive single-stranded RNA. DENV belongs
FIGURE 3 | Mitochondrial fission during RNA virus infection. Drp1 is the key
protein involved in mitochondrial fission which allows the removal of the
damaged tubule from the mitochondrial network. The damaged tubule
undergoes mitophagy mediated recycling. Mitochondrial fission reduces
MAVS signaling resulting in diminished antiviral response. RNA viruses and
their viral RNA intermediates activate Drp1 to facilitate mitochondrial fission to
reduce the RLR antiviral signaling and thereby, enhance their replication.
A

B

FIGURE 4 | Mitophagy and RNA virus infection. Mitochondria can undergo
mitophagy either by PINK1/Parkin dependent or independent pathways. As
increased rate of mitophagy reduces RLR mediated antiviral response, RNA
viruses and their viral RNA intermediates increase mitophagy by targeting
PINK1 and other key proteins.
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to the genus Flavivirus and is responsible for epidemics in
tropical and sub-tropical regions around the globe with an
estimated 100 million symptomatic cases per year (43). The
viral genome codes for three structural proteins – Capsid (C),
Envelope (E), and Pre-membrane (PrM) and seven
nonstructural proteins NS1, 2A, 2B, 3, 4A, 4B, and 5, aiding
in viral replication.

DENV’s effect on mitochondrial dynamics has been
associated with an increase in antiviral immune evasion (19,
20, 44, 45) with contradicting studies demonstrating their effect
on mitochondrial morphology. Yu et al. showed that DENV
NS2B3 protein partially cleaves MFN1 and MFN2, attenuating
the interferon responses resulting in increased viral replication
and cell death (18–20). However, recent studies demonstrate
that DENV NS4B and NS3 proteins enhance mitochondrial
fusion along with a reduction in mitochondrial fission via
Frontiers in Virology | www.frontiersin.org 4
degradation of the total- and p616-Drp1. The induction of
mitochondrial fusion degrades the integrity of MAMs, and the
sites of ER-mitochondria interaction, alleviating RIG-I dependent
activation of IFN response, thereby promoting DENV replication.
Inversely, these findings were verified by knocking down Mfn2,
which led to mitochondrial fragmentation and increased
production of IFN-l1, and impaired DENV replication (19).
Moreover, it was reported that the induction of mitochondrial
fission and subsequent fragmentation with the use of a potent
mitochondria uncoupling reagent, Carbonyl cyanide
cholorophenylhydrazone (CCCP) or via overexpression of
activated Drp1 led to a reduction in viral replication, suggesting
that mitochondrial elongation is beneficial in DENV replication
(20). Furthermore, even in mosquito cells, DENV infection
increased the mitochondrial fusion by increasing the MFNs and
no alteration of Drp1 levels (46).
FIGURE 5 | Summary of RNA viruses impacting various processes of mitochondrial dynamics. Under static conditions, the mitochondria exist in a tubular network.
However, physiological stress and viral infection can cause damage to the mitochondria. The damaged mitochondria undergo fission and recycled via mitophagy.
The remaining functional tubules rejoin the mitochondrial network through the fusion process. Viruses can hijack these processes to aid in their replication. Individual
RNA viruses are shown to increase (in green) or decrease (in red) mitochondrial dynamics. There are many flavivirus with unknown effects on mitochondria (in purple).
TABLE 1 | Involvement of Flaviviruses and the role of viral proteins in causing an alteration in mitochondrial dynamics.

Virus Effect on Mitochondrial Dynam-
ics

Viral Protein
Involved

Affected Protein(s) Consequences on Cell Physiology

Dengue Virus
(DENV)

Inhibition of fission and mitophagy
and enhanced elongation

NS4B
NS3
NS2B3

Inhibition of DRP1 Enhanced viral replication, inhibition of innate
immune signaling, and interferon synthesis

Hepatitis C
Virus (HCV)

Enhanced fission and mitophagy Core
E1-E2
NS5A
NS5B

Activation of DRP1 and mitochondrial
translocation of PINK1 and PARKIN

Inhibition of apoptosis and innate immune response
mediates persistent infection

Zika Virus
(ZIKV)

Inhibition of fission NS4B
NS1

Inhibition of DRP1 Increased host antiviral innate immune response

SARS-CoV Enhanced mitochondrial fusion ORF3b
NSP2
ORF9b

Degradation of Drp1 Limits the host antiviral IFN response

SARS-CoV-2 Inhibition of fission ORF9b
ORF3b

Proteasomal degradation of Drp1 Limits the host antiviral IFN response
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Zika Virus
Like DENV, Zika virus (ZIKV) also belongs to the family of
Flaviviridae and shares similar characteristics. Although
identified in 1947, most ZIKV studies were performed during
an outbreak in Brazil in 2016 as it was linked to causing
congenital malformations, including ocular complications (47–
52). Currently, there are no vaccines or specific antiviral drugs
available to treat ZIKV diseases.

ZIKV NS2B3 and NS3 proteins were shown to downregulate
the expression of MAVS, IFN (specifically IFNb), and ISGs (53).
ZIKV NS3 protein prevents the transport of RIG-I and MDA5 to
the mitochondria by binding to the 14-3-3 binding motif of
MAVS, thereby inhibiting the RLR signaling pathway (54).
However, there are contradicting reports on the effect of
mitochondrial dynamics on antiviral immunity against ZIKV.
ZIKV infection caused mitochondrial elongation, which was
enhanced by the knockdown of Drp1 (19, 55). However, in
human retinal pigment epithelial cells, ZIKV infection increased
mitochondrial fission (56). On the other hand, a recent study
showed that ZIKV infection in astrocytes leads to ROS
imbalance, mitochondrial functional defects, and DNA
breakage leading to neurological disorders without any effect
on its morphology (57). ZIKV NS1 protein triggered abnormal
mitochondrial fragmentation and a decrease in MFN2 levels
contributed to ZIKV-induced cell death in neuronal cells (58).
Hepatitis C Virus
Hepatitis C virus (HCV) is an important human pathogen
belonging to the family Flaviviridae with the single stranded-
RNA genome. Approximately 71 million people are clinically
infected with HCV, resulting in nearly 400,000 deaths annually
due to liver cirrhosis and hepatocellular carcinoma (HCC) (59).
The HCV genome encodes ten proteins – four structural proteins
C, E1, E2, and p7 along with six non-structural proteins, NS2, 3,
4A, 4B, 5A, and 5B (60). The transmission of HCV is primarily
via intravenous drug use, blood transfusions, and unsterilized
medical pieces of equipment. There are multiple candidates for
HCV prophylactic vaccines, however, none are available for use
(61). There is a highly effective antiviral drug, Daclatasvir with a
curing rate of 95% available to date (62).

HCVNS3/4A protease cleaves the MAVS protein and inhibits
the formation of the MAVS signalosome, leading to diminished
immune response and IFN production (63). HCV infection
promotes mitochondrial fission and mitophagy to prevent the
spread of virus-induced mitochondrial damage. This allows the
maintenance of an adequate cellular environment for viral
dissemination and the prevention of apoptosis. HCV NS5A
triggers mitochondrial fragmentation, loss of mitochondrial
membrane potential, and Parkin translocation to the
mitochondria, leading to mitophagy (64). Furthermore, NS5A
protein inhibits the activity of electron transport chain (ETC)
enzyme complex I leading to increased mitochondrial calcium
uptake, mitochondrial permeability, and ROS production (41,
64). HCV stimulates the synthesis of the Ub-dependent proteins
- PINK1 and Parkin and triggers their translocation to the IMM
and subsequent mitophagy. The induced mitophagy can enhance
Frontiers in Virology | www.frontiersin.org 5
HCV-regulated inhibition of oxidative phosphorylation (40).
The HCV core (C) protein inhibits mitophagy by sequestering
Parkin (65). The underlying mechanism of how HCV and its
core protein mediate these effects remains to be characterized.
HBV/HCV alters mitochondrial dynamics to enhance
mitochondrial fission and mitophagy and keep a check on the
mitochondrial injury, thereby contributing to persistent HCV
infection (41). HBV/HCV-induced mitophagy leads to
attenuation of IFN signaling through which the increased
PARKIN-MAVS interaction cripples the innate immunity (39–
41). Interestingly, Kim et al. have shown a promising protective
role of Ginsenoside Rg3 (G-Rg3) treatment against HCV-
induced mitophagy, which follows mitochondrial fission (66).

The role of mitophagy in regulating flavivirus infection has
not been studied in-depth and the functional involvement of
various flavivirus proteins in inducing mitophagy would aid in a
better understanding of the mechanisms at large.

SARS-CoV-2
SARS-CoV-2, the causative agent of the COVID-19 pandemic is
a positive-single-stranded RNA virus belonging to the
betacoronaviridae family shared with SARS-CoV and MERS-
CoV (67). The virus can transmit via respiratory droplets formed
during sneezing, talking, or coughing along with the contact of
our mucosal surface with contaminated objects and ocular
surface (68–70). The SARS-CoV-2 genome encodes for four
structural proteins Spike (S), Envelope (E), Nucleocapsid (N),
and Membrane (M) protein along with 16 non-structural
proteins (NSP 1-16), and eight auxiliary proteins (ORF 3a, 3b,
6, 7a, 7b, 8, 9b, and 14) (71, 72).

SARS-CoV-2 infection is associated with altered
mitochondrial dynamics resulting in oxidative stress, pro-
inflammatory cytokine production, and cell death. The
morphology of mitochondria in SARS-CoV-2 infected cells is
significantly displaced and arranged around the dsRNA regions
in the cytoplasm. The intra-cristal space, as well as the matrix, is
expanded leading to thinner mitochondria (73). The virulence
factors ORF9b and dsRNA of SARS-CoV as well as SARS-CoV-2
localize in the mitochondria and targets the MAVS signalosome,
degrading the TRAF3 and TRAF6 signaling molecules, thereby
hampering the antiviral response (74, 75). SARS-CoV ORF9b
trigger degradation of Drp1 leading to mitochondrial fusion
limiting the host cell IFN response against the virus (21).
Similarly, SARS-CoV-2 triggers inhibition of mitochondrial
fission to facilitate its replication. Protein-protein interaction
studies have indicated that SARS-CoV-2 ORF9b interacts with
TOMM70, a mitochondrial import receptor that plays a critical
role in modulating interferon response (71, 76). ORF9b localizes
to mitochondria and causes mitochondrial elongation by
triggering ubiquitination and proteasomal degradation of
Drp1, thereby inhibiting fission. ORF9b also targets the MAVS
signalosome by usurping PCBP2 and AIP4 to trigger the
degradation of MAVS, TRAF3, and TRAF6, thereby limiting
the host antiviral interferon response (74, 77). In addition, SARS-
CoV-2 NSP13 and 9C protein may also be involved in altering
the innate immune response by regulation of MAVS signal
transduction (71). The SARS-CoV NSP2 protein interacts with
June 2022 | Volume 2 | Article 918806
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PHB, PHB2, and STOML2 while SARS-CoV-2 ORF3b interacts
with STOML2 to regulate mitochondrial homeostasis,
mitophagy, and mitochondrial fusion and finally alter the
innate immune response of the host (77–79). For SARS-CoV-
2, the ORF9b protein induces autophagy by interaction with
Prohibitins (PHBs). One of the SARS-CoV-2 viral proteins
ORF3a includes a 20nt base sequence, which could target the
host USP30 transcript, a mitochondrial deubiquitinase involved
in mitochondrial homeostasis, and mitophagy (71, 80).

The complexity of SARS-CoV-2 infection has increased
due to evasion from vaccine acquired immunity and the
evolution of numerous viral variants sweeping the world.
The study of various mutants on host immunity and the
organelles should be given importance and kept on track for
therapeutic intervention.

CONCLUSIONS

Mitochondria are a network of dynamic organelles with
recurrent cycles of fission and fusion. These processes help in
intermixing, content distribution, maintenance of energy
homeostasis, and mitochondrial functional capacity.
Mitochondrial fission and fusion constitute a major part of
mitochondrial dynamics while mitochondrial quality control is
regulated by mitophagy (81). Amongst the flaviviruses, the
alteration of mitochondrial dynamics has been studied in
HCV, DENV, and ZIKV while it remains unknown for other
emerging flaviviruses such as WNV, JEV, and YFV (Figure 5).

A few of the viruses (HCV, Influenza A) and their viral
proteins induce the cleavage of MAVS from mitochondria,
thereby reducing their ability to induce interferon response
(82–84). The viruses (HCV, ASFV, HIV-1) also alter the
intracellular distribution of mitochondria either by
concentrating the mitochondria near the viral factories to
meet the energy demand during viral replication or by
cordoning off the mitochondria within the cytoplasm to
prevent the release of the mediators of apoptosis (8). These
cellular functions are performed to provide energy for viral
replication and release of progeny virion. However,
mechanisms regulating mitochondrial dynamics during
flavivirus, and SARS-CoV-2 infection have not been studied
to date.

Interestingly, intracellular calcium concentration also
regulates mitochondrial dynamics since the calcium-dependent
phosphatase calcineurin dephosphorylates Drp1, facilitating the
recruitment of Drp1 to the mitochondria and the consequent
mitochondrial fission (85). The involvement of calcium channels
and the variation in the concentration of calcium ions has not
been studied in the process of mitochondrial fission with
flaviviruses and SARS-CoV-2, an interesting area to be
explored in detail.

Since mitochondria are the source of energy and play an
important role in antiviral immunity, the damage to
mitochondrial DNA may help in evading the mitochondrial
antiviral immune response (86). Indeed, several viruses (HSV-
1, HCV, EBV, HIV) degrade host mitochondrial DNA
(mtDNA) to augment their genome replication (86–91). Also,
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studies have reported the enrichment of SARS-CoV, and SARS-
CoV-2 viral RNA in mitochondria and nucleolus, implicating
their role in regulating the viral life cycle, ranging from virion
assembly to disruption of host-mitochondrial function (92, 93).
Interestingly, the viral ORFs can release mtDNA in the
cytoplasm and activate the inflammasome pathway, thereby
suppressing innate and adaptive immunity (94). However,
there is a lack of studies on the effect of flaviviruses on
mtDNA, which would shed light on its role in mitochondrial
dynamics and antiviral immunity.

Given the importance of mitochondrial dynamics in
various cellular processes, pharmacological modulators of
mitochondrial dynamics have been employed in combination
with direct-acting antivirals (DAAs) to combat viral infection.
Several therapies (Tenofovir, Zalcitabine, and Didanosine)
against human immunodeficiency virus (HIV) infection exert
antiviral activity by modulating mitochondrial function (95, 96).
Among RNA viruses, mitochondrial hyper-fusion drug Mito-C
and 8-O-(E-p-methoxycinnamoyl) harpagide (MCH), have
been reported to possess antiviral activity against influenza
virus by influencing mitochondrial dynamics (97, 98).
However, further studies are needed to investigate their effects
against other RNA viruses including flaviviruses and SARS-
CoV-2. A notable DAA, Sofosbuvir can competitively block the
HCV NS5B polymerase and effectively inhibit HCV-RNA
synthesis (99). While Sofosbuvir has proven efficacious, it has
also been shown to destabilize mitochondrial membrane
potential and further induce mitochondrial fission. However,
a novel ginsenoside (G-Rg3) has been shown to inhibit HCV-
induced abnormal mitochondrial fission and stabilize
mitochondrial membrane potential, further potentiating the
therapeutic effect of Sofosbuvir (66). As previously stated, it
has been shown that SARS-CoV-2 alters mitochondrial
dynamics to diminish the host immune response. Perhaps the
addition of a pharmacological agent such as G-Rg3 to aid in the
stabilization of mitochondrial dynamics may prove beneficial in
the acute treatment of SARS-CoV-2 and other RNA viruses and
warrants further investigation.

While these recent findings have allowed us to identify
potential therapeutic targets, further studies are needed to
decipher how these viruses alter mitochondria. Moreover,
elucidation of the role of emerging flavivirus structural and
nonstructural protein involvement in regulating mitochondrial
dynamics could provide therapeutic advances with the potential
to reduce the viral disease burden on the human population.
These studies aid in developing therapeutic approaches in the
absence of a vaccine candidate against several RNA viruses and
their emerging variants of concerns.
FUTURE DIRECTIONS

a. Studies related to mitochondrial dynamics in RNA viruses of
public health concern including JEV, WNV, and YFV.

b. Interplay of intracellular calcium in regulating mitochondrial
dynamics during RNA viral infections.
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c. The interaction of RNA virus proteins with mtDNA in
regulating mitochondrial dynamics and antiviral response.

d. Therapeutic strategies to block viral replication in host cells
by regulating mitochondrial dynamics.

e. Effect of chronic or long-term viral infection (e.g., Long
COVID) on mitochondria.
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