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The immune response to SARS-CoV-2 varies from asymptomatic or
mild symptoms of high temperature, muscle aches and coughs lasting 7
to 14 days to lower respiratory tract infections leading to pneumonia and
serious respiratory distress as well as long COVID-19. Complications occur
due to an abnormal immune response which involves upregulation of
multiple cytokines leading to sustained inflammation which results in the
spread of infection to vital organs. The double vaccine roll out has been
rapid however vaccine mediated antibodies are not 100% effective against
future coronavirus variants which may become increasingly more resistant
and easily transmissible to overcome host immunity. Invariably supportive
therapies will be needed. Research has shown that coenzyme Q10 and vitamin
D deficiencies can have detrimental effects on immune cell defence, function
and cytokine secretion promoting inflammation and sepsis especially against
microbes. Early interventions including supplementation of these factors
could mitigate cellular dysfunction especially in relation to mitochondria
bioenergetics and help maintain cell immunity. This is particularly important
as chronically ill COVID-19 patients seem to display abnormal immune cell
phenotypes in infected organs indicating this could contribute to disease
progression. The immune response and proposed roles of Vitamin D and
Coenzyme Q10 in COVID-19 are discussed.
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Introduction
A novel highly contagious severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) which causes coronavirus disease
(COVID-19) first emerged in late 2019 allegedly from a seafood
market located in the Wuhan province of China. The virus has rapidly
spread all over the world causing a historical pandemic resulting
in nearly 4 million deaths and 181 million infections worldwide1.
SARS-CoV-2 is proving a struggle to control as it is air borne, easily
transmitted and has continually mutated into more virulent versions
since the pandemic first began. Also, the human immune response
to the virus is extremely varied ranging from asymptomatic, mild
flu like symptoms through to cytokine storms and life-threatening
Acute Respiratory Distress Syndrome (ARDS)2, 3.
COVID-19 symptoms include fever, high temperature, cough,
lethargy and acute respiratory distress. The immune cells within
the blood can also be affected by COVID-19 leading to lymphopenia,
leukopenia, thrombopenia and anemia. In severe disease,
immunologically there is an increase in systemic inflammation
caused by the release of immune cell derived cytokines such as
CRP, IL-6, TNFα and chemokines CCL2, CCL3, CXCL104-7. In addition
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patients with underlying co-morbidities such as diabetes,
cardiovascular disease, asthma, renal or pulmonary disease
could develop severe complications including sepsis and multi
organ failure8. The risk of mortality from COVID-19 in patients
increases with age, male sex, obesity, diabetes, hypertension
and those originating from black, Asian or minority ethnic
(BAME) backgrounds9,10. Emergency vaccines using new
mRNA technology or adenoviruses which are mostly gene
based have been rapidly rolled out across the world, their
effectiveness will be tested in the days to come. To note there
is some seasonal variability in SARS-CoV-2 infections and
relative transmission has been linked to seasonal humidity
levels which could mask the measure of vaccine effectiveness
particularly in the summer seasons11. Despite the vaccine roll
out it seems inevitable that new more potent mutant strains
of the virus will evolve in the near future, continue to plague
the population and evade human immunity. Hence any early
interventions that could potentially promote patient recovery
from COVID-19 in its numerous clinical manifestations, are of
particular interest.

ACE2 Hijack by SARS-CoV-2

The receptor for SARS-CoV-2 on human cells is
angiotensin-converting enzyme 2 (ACE2) which is the
binding site for the viral spike glycoprotein that allows the
virus to bind to cells located in the nose and mouth during
infection. Once the virus engages with the ACE2 receptors,
attachment occurs followed by virus internalization and
replication. The conversion of angiotensin II to angiotensin
1-7 is catalysed by ACE2. This leads to regulation of cardiac
and kidney function via the renin angiotensin system (RAC)
by modulating specific vasoconstrictors and dilators12.
High ACE2 expression is detected on lung epithelial cells
compared with low levels on vascular endothelial cells of
the lungs and kidneys. ACE2 expression on blood cells is
low except for type 1 activated monocytes but higher on
liver kupffer cells and lung alveolar macrophages. High
SARS-CoV-2 receptor expression on these cells could
explain why lung and liver involvement occurs and perhaps
why alveolar macrophages display abnormal phenotypes
during severe COVID-19 pneumonia13. Since ACE2 is the
receptor for SARS-CoV-2, one may hypothesise that lower
expression would be ideal and could help combat infections.
However high expression of ACE2 is actually beneficial to
humans as it controls kidney and heart function. Membrane
ACE2 is anti-inflammatory as shown in mice models and
following SARS-CoV2 infection ACE2 is downregulated in
lungs which could account for the rapid kidney, heart and lung
damage observed in severe COVD-1914. There is also growing
evidence that COVID-19 has severe vascular manifestations as
well as endothelitis with impaired microcirculatory function.

Mitochondrial Hijack by SARS-CoV-2

The human body consists of trillions of cells which
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have specific functions. Most eukaryotic cells contain
mitochondria which function as the cell energy producing
centres. They regulate carbohydrate, amino acid and fatty
acid metabolism15. Mitochondria are modulated by internal
cell dynamics which can be affected by metabolic diseases,
cancer and viral infections. Viral proteins use mitochondria
to survive and replicate. Indeed, cell release of antiviral
interferon requires activation of the mitochondria’s
specific antiviral signalling proteins through mechanisms
that involve NFkB16.

Viruses are by nature, highly manipulative of cells and
can hijack mitochondrial structures impacting their cellular
functions. Strikingly viruses including SARS-CoV-2 can change
mitochondria membrane potential, ion permeability, calcium
levels, cause induction of oxygen species and cell oxidative
stress. In order to survive once within infected cells, viruses
continue to alter mitochondrial DNA, also its distribution and
disrupt the cell’s overall antiviral capacity by switching the
cytokine response to inflammatory rather than anti-viral17-20.

The Role of Coenzyme Q10 in Mitochondria
Bioenergetics During Viral Infections

Coenzyme Q10 (CoQ10) is a redox quinoid component of the
mitochondria electron transport chain and is found in all respiring
eukaryotic cells. Its function is to generate cell energy (ATP)
through aerobic respiration21. The levels of CoQ10 decrease with
age and in patients with heart failure, hypertension and diabetes.
Coincidentally these are also risk factors for severe COVID-19
infection namely age, cardiovascular disease, lung disease, high
blood pressure and cancer22

In fact, low plasma CoQ10 levels have been associated
with acute influenza, viral papilloma infections and
sepsis23,24. An animal model of malaria showed CoQ10
treatment decreased inflammatory precursors, NFkB
phosphorylation, and malondialdehyde and 8-hydroxy-2deoxyguanosine levels and restored cellular glutathione25.
In addition, reduced levels of inflammation were observed
in animal models of induced rheumatoid arthritis and
acute pancreatitis after CoQ10 therapy26. Human clinical
research has also verified the protective effects of CoQ10
supplementation prior to and after cardiovascular surgery
in humans where it significantly supported patient
outcomes and recovery post heart surgery27. Excessive
levels of ROS found in critically ill COVID-19 patients
upregulates cellular stress indicating that infected cells are
struggling to cope with the increased metabolic demands
during infection28,29. Essentially continued cellular
oxidative stress from excessive SARS-CoV-2 viral loads
has been linked with a high risk of patient death30. Also, a
study which looked at CoQ10 depletion in acute influenza
infections found that there was a correlation between low
levels of CoQ10 and positive infection status as well as high
expression of serum inflammatory cytokines31.
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Vitamin D and Viral Infections
Severe vitamin D deficiency has been found to be a
predictor of negative outcomes in COVID-19 patients with
respiratory failure; correlating with a 50% chance of poor
prognosis and the need for assisted ventilation32,33. This
risk is further amplified in the elderly with low vitamin
D levels34. Crucially, vitamin D can directly decrease
SARS-CoV-2 virulence by decreasing levels of dipeptidyl
peptidase (DPP-4) / CD26 which is required to connect with
the structural S1 domain of SARS-CoV-235,36. Vitamin D can
also maintain respiratory homeostasis by supporting gap
and cellular junctions, decreasing inflammatory cytokines
but upregulating antiviral INFγ. Therefore, vitamin D
could potentially divert abnormal cell responses in SARSCoV-2 mediated inflammation, cytokine storms and sepsis.
Studies have also shown that chronic vitamin D deficiency
can activate the renin angiotensin system (RAC) which
promotes lung fibrosis and cardiovascular dysfunction37.
Notably both of these conditions are known risk factors
for severe COVID-19. Also, Vitamin D can increase ACE2 but reduce ACE production which is known to reduce
inflammatory lung damage38. It is possible that Vitamin D
could protect against COVID-19 symptoms since it is able
to increase lung ACE2 expression which would stop renin
synthesis. This in turn can decrease pro-inflammatory
Angiotensin II action and so could potentially reduce ARDS
risk as well as myocarditis and cardiac dysfunction39,40. In
fact research has shown that each 4ng/ml increase in 25
(OH) D levels correlated with a 7% reduction in respiratory
infection risk41. A study from India by Rastogi et al 2020
was the first to report on the use of high dose Vitamin D
supplementation and a higher incidence of recovery in
COVID-19. After 7 days of treatment patients, who received
vitamin D tested negative for SARS-CoV-2 RNA quicker
than those with vitamin D deficiency. To note this small
cohort of patients all had mild COVID-19 symptoms and no
comorbidities42.

Mitochondrial Damage in Monocytes from COVID-19
Patients

Interestingly, a study which analysed the blood
monocytes derived from COVID-19 pneumonia patients
in Italy found that the infected monocytes displayed
alterations in mitochondrial functions and disrupted
bioenergetics. The monocytes showed diminished aerobic
glycolysis capability, reduced respiratory capacity,
decreased proton leak and oxidative burst. The COVID-19
infected monocytes were able to produce cytokines
which were skewed to a pro-inflammatory profile (TNFα)
rather than an INFγ profile which stimulates an antiviral
phenotype and is protective against viruses. Further
analysis of monocyte subsets revealed that the COVID-19
monocytes were mostly immature, pro-inflammatory
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subsets with enhanced expression of inhibitory
checkpoints. COVID-19 patient plasma also contained
high levels of possibly monocyte derived cytokines and
chemokines including IL-18, GM-CSF, CCL-2, CXCL10 and
osteopontin which would inevitably contribute to chronic
inflammation43. Cellular mitochondrial dysfunction
and decreased ATP concentration has been previously
correlated with multi organ failure, tissue hypoxia and
sepsis44,45. Figure 1 shows the hypothetical impact of SARSCoV-2 infection on immune mononuclear cell function. The
bioenergetic failure of monocytes is extremely significant
in COVID-19 pathogenesis as they are crucial immune
cells involved in antigen presentation, phagocytosis
and hence infection clearance. Longer illness and poor
patient outcomes could occur if these cells are not able
to function. Also, immune cells which are damaged could
increase susceptibility of COVID-19 patients to secondary
infections in the future. Recently this has been observed
in India where thousands of recovered COVID-19 patients
contracted mucormycosis or black fungus requiring urgent
care and hospitilisation46. Although severe COVID-19
predominantly affects the lungs, the cytokine storms are
also shown to affect the heart, endothelium and proximal
blood vessels causing myocardial injury47. These patients
could potentially benefit from the protective effects of
CoQ10 which has been shown to be helpful during cellular
recovery particularly after myocardial and pericardial
tissue injury27.

Conclusion and Future Perspectives

A robust immune response to COVID-19 is essential;
this requires healthy immune cells with functioning
mitochondria and intact mucosal and adaptive immunity
which can clear and resolve any inflammation caused by the
virus. Age, ethnicity and virus tenacity are uncontrollable
variables. However early interventions with CoQ10 and
Vitamin D during SARS-CoV-2 infection could in theory
support immune cell mitochondria bioenergetics, cell
function, microbial phagocytosis, cell integrity therefore
inflammation resolution and control. Further research
should investigate COVID-19 patients with CoQ10 and
vitamin D deficiency at presentation, with a view of
profiling their clinical immune responses. The correlation
between dual deficiencies in these two factors and serious
or long COVID-19 is not known nor is the exact changes in
CoQ10 and mitochondria function that accompany aging
and differential genetics. A better understanding of viral
spike protein interactions with ACE2 in CoQ10/ vitamin
D deficient patients is also important as these binding
receptors could form therapeutic targets on mucosal
tissues, vascular endothelium and immune cells.
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Figure 1. Hypothetical protective functions of Coenzyme Q10 and vitamin D in cells infected with SARS-CoV-2. As SARS-CoV-2 infects
cells via the ACE2 receptor, it diminishes cellular energy by overtaking mitochondria and using adenine triose phosphate (ATP) for its
purposes causing mitochondria stress and damage. In immune cells this leads to oxidative stress resulting in dysregulation of normal
function such as key defences to microbes such as phagocytosis and oxidative burst. This would drive responses towards inflammation,
cytokine storms and sepsis. Exogenous Vitamin D and coenzyme Q10 could ameliorate COVID-19 effects and support cellular recovery.
Key: Angiotensin converting enzyme (ACE2), Coenzyme Q10 (CoQ10), Acute respiratory distress syndrome (ARDS), Renin angiotensin
system (RAC).
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