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Abstract

Background: COVID-19 pandemic, a global threat, adversely
affects all daily lives, altered governmental plans around the
world, and urges the development of therapeutics and pro-
phylactics to avoid the expansion of the viral infection. With
the recent gradual opening after long lockdown, several rec-
ommendations have been placed, with dietary modification
as one of the most important approaches that have been
appraised. Summary: Here, we are reviewing how changing
the host metabolism, particularly changing the host meta-
bolic state from the carbohydrate-dependent glycolytic
state to afat-dependent ketogenic state, may affect viral rep-
lication. Furthermore, the impact of intermittent fasting (IF)
in triggering metabolic switch along with the impact of sup-
plementation with medium-chain triglycerides (MCTs) such
as lauric acid in repressing the envelope formation and viral
replication is also addressed. The amalgamation of IF and a
ketogenic diet rich in MCTs is thought to work as a prophy-
lactic measure for normal people and adjunct therapy for

infected persons. Key Message: A diet regimen of ketogenic
breakfast along with supplementation with two doses of lau-
ric acid-rich MCTs at breakfast and lunch times, followed by
8-12-h IF and a dinner rich with fruits and vegetables, could
be a potential prophylactic strategy and adjuvant therapy to
combat SARS-CoV-2 infections. ©2020 S. Karger AG, Basel

Introduction

The outbreak of the current global pandemic caused
by the spread of a novel severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2; COVID-19) has
posed an unprecedented threat to global health and the
world economy. COVID-19 has shaken up all daily lives,
and governments around the world are encouraging pre-
cautionary measures to help stem the spread of infections.
With the recent gradual opening after long lockdown,
several recommendations have been suggested. Among
these, dietary modification is one of the most important
approaches that have been discussed to strengthen hu-
man immunity against the spread of viral infection [1-4].
However, to propose a special diet during this latent
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phase of viral spread, it is mandatory to carefully under-
stand the viral-host metabolism relationship.

In general, viruses are parasites that lack a defined me-
tabolism [5], thus rely on the host cell metabolism for the
acquisition of raw materials and energy necessary for
their biological processes [2, 5]. Viral infections alter the
host metabolism including, in particular, glycolysis and
fatty acid synthesis [6] to initiate an environment re-
quired for the replication and spread of the virus in the
human body. Alteration of host cell metabolism by vi-
ruses is vital to provide specific substrates that are unique-
ly needed at high levels for virion production and assem-
bly. Virus benefits from the alteration of host metabolism
by accessing (i) the host nucleotides for viral genome rep-
lication, (ii) amino acids for virion assembly, (iii) carbo-
hydrates as an energy source, and (iv) fatty acids for viral
envelope formation and glycoprotein involvement. In
fact, the metabolic status of the virus-contracted hosts,
their dietary intakes, sex, age, lifestyle, and environmental
factors they are exposed to, as well as their medical condi-
tions, all determine the prognosis of the cases and the
clinical severity of SARS-CoV-2 infections [2].

Initial preliminary data, using the ecological observa-
tional study designed at the global level, indicated an in-
verse relationship between the number of cases/deaths
from COVID-19 and the total intakes of fruits and vege-
tables (Faris et al. 2020, unpublished data). These pre-
liminary findings suggest a role for the dietary intakes and
nutritional status in favoring or disfavoring the body en-
vironment required for viral growth and replication and
signify the importance of dietary factors in the battle
against the pandemic infection [4].

Interestingly, dietary modifications have been pro-
posed, including fasting and caloric restrictions, as one of
the approaches to alter metabolic pathways [7]. Intermit-
tent fasting (IF) is an ancient practice followed by differ-
ent populations globally and has different formats, in-
cluding time-restricted feeding, alternate-day fasting, 5:2
IF (fasting 2 days, each week), and religious forms of IF
[8,9] such as Ramadan IF [10]. During IF, the fasting sub-
jects alternate between periods of voluntary abstinence
from food and drink. As a result of this alternation in
feeding and fasting periods, metabolic alterations conse-
quently occur to cope with the changes in energy supply
and energy shortage, respectively. Halting intakes of di-
etary long-chain fatty acids (LCFA) and supplementation
with medium-chain triglycerides (MCTs) can result in
negative energy balance and weight loss by increasing
host energy expenditure and lipid oxidation, which disfa-
vor the microenvironment of viral replication [11].
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Metabolic switching by performing special eating and
exercise pattern is a well-established strategy that affects
the host metabolism and can lead to improving health-
related conditions [12]. Here, we are proposing that de-
signing a dietary regime can switch the host metabolism
to inhibit viral replication and invasion. This is a very safe
therapeutic and prophylactic approach that can easily be
followed by a wide range of individuals with variable co-
morbidities [13].

Importance of Host Lipids to SARS-CoV-2 Infections

It is well understood that fatty acid synthesis is integral
for the creation of lipid material in the cell and is vital for
increased membrane production as well as other cellular
needs [14]. Importantly, many viruses induce and require
fatty acid synthesis for their life cycle [15]. Throughout
this cycle, lipids play essential roles as they mediate the
fusion of viral envelopes with host cell membranes, con-
tribute to the formation of the viral replication complex,
and generate the energy needed for viral replication [16].
Inhibition of saturated LCFA synthesis indicates that fat-
ty acid is required for the production of infectious virions
[14]. It appears that fatty acid synthesis is utilized to build
the virion envelope [17], whereas LCFA were found at
high levels in the virion envelope [17]. It is more likely
that these LFCFA are paramount for the integrity of the
virion envelope and binding to host cells [17]. Further-
more, it has been reported that fatty acid synthesis is
needed to increase the glycoprotein levels of some viruses
such as varicella-zoster virus [18].

The question now is whether SARS-CoV-2 similarly
affects the host lipid metabolism. A better understanding
of SARS-CoV-2-induced metabolic alterations may lead
to the design of a special dietary approach that can switch
the metabolic environment to disfavor the existence of
the virus in the human body. Targeting the host meta-
bolic pathway can provide a safer prevention approach
that can overcome the challenges of a virus targeting
drugs, such as the development of drug resistance.

To better understand how SARS-CoV-2 can alter the
host metabolism, it is important to identify the main fea-
tures of the virus and its closest match, since no data re-
garding the SARS-CoV-2-host metabolic changes are
available yet. Coronaviruses, including SARS-CoV-2, are
enveloped viruses with a nucleocapsid mainly made of
phosphorylated nucleocapsid protein embedded inside a
phospholipid bilayer envelop. This envelope plays an im-
portant role in virus assembly and release, and it is critical
for viral pathogenesis [19, 20]. The viral surface consists
of the spike protein of the virus, which is essential for the
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attachment to the host cell receptor and for initiating in-
fection [21, 22].

Although no data are describing how the host lipid
metabolism affects SARS-CoV-2 infection, it has been
shown that glycerophospholipids and fatty acids are sig-
nificantly elevated in coronavirus-infected cells. Besides,
coronaviruses attack the host cell intracellular mem-
branes to create specific phospholipids to form replicative
organelles suitable for virus genome replication [23].

Switching the Host Lipid Metabolism Can Stop Virus

Replication and Assembly

A change in the metabolic pathway is called “meta-
bolic switching” [24]. Among these metabolic altera-
tions, the most significant metabolic change is the shift
from the glucogenic/glycolytic pathway (fed state) to the
ketogenic pathway in the liver (fast state) [13]. Switching
body metabolism from fed/feasting state to a fasting state
involves systemic and cellular remarkable adaptations to
the bioenergetic challenges (from glucose to ketogene-
sis). This can cause an increase in ketones (acetoacetate
and -HB), increase in mitochondrial stress resistance,
increase antioxidant defenses, increase autophagy, in-
crease DNA repair, decrease insulin secretion, decrease
mTOR, and decrease protein synthesis [13]. In the ab-
sence of current treatment for SARS-CoV-2, a strong in-
terest has emerged regarding the optimization of the in-
take of dietary factors, specifically lipids, to effectively
reduce inflammation and oxidative stress, thus strength-
ening the immune response during the COVID-19 crisis.
Besides, metabolic changes accompanied by IF that trig-
ger antiviral mechanism has been suggested elsewhere
[25, 26].

Given the indispensable nature of lipids in multiple
stages of viral replication, the modulation of lipid profiles
in host cells has been recently proposed as a potential
novel strategy to combat human coronaviruses [16]. Bio-
active lipids with antiviral properties cited in the litera-
ture include certain long-chain monounsaturated fatty
acids (MUFAs) and medium-chain fatty acids (MCFAs),
specifically lauric acid (LA). LA, the primary fatty acid of
coconut oil, is a saturated MCFA with potent antimicro-
bial properties [27]. When ingested, coconut oil is me-
tabolized to produce the metabolite monolaurin [28].

Medium-chain saturated fatty acids such as LA and
long-chain unsaturated fatty acids (such as oleic acid of
olive oil) are highly active against enveloped viruses such
as coronavirus [29, 30]. Monoglycerides of these fatty ac-
ids also show significant antiviral activity. Antiviral fatty
acids impact the viral envelope, causing leakage and at

Metabolic Switch and SARS-CoV-2
Infection

higher concentrations can cause a complete disintegra-
tion of the viral particles including the viral envelope [29].

The antiviral effect of MCFAs including LA has been
tested against arenavirus infection; LA showed the most
active inhibitory effect against viral replication since it
caused a significant decrement in the virus yields of sev-
eral pathogenic strains in a dose-dependent manner,
without affecting the cell viability [31]. Furthermore, LA
was found to inhibit a late maturation stage in the replica-
tive cycle of the Junin virus (JUNV). Viral protein synthe-
sis was not affected by the compound, but the expression
of glycoproteins in the plasma membrane was dimin-
ished. A direct correlation between the inhibition of
JUNV production and stimulation of triacylglycerol cell
content was demonstrated. On the other hand, shorter-
or longer-chain fatty acids showed a reduced or negligible
anti-multiplication effect on the JUNV [31]. Both triacyl-
glycerol- and LA-induced effects were dependent on the
continued presence of fatty acid. Thus, the reduced inser-
tion of viral glycoproteins into the plasma membrane, ap-
parently due to the increased incorporation of triacylglyc-
erols, seems to inhibit JUNV maturation and release [31].

The antiviral activity of LA and monolaurin can be
achieved through 3 distinct mechanisms. First, LA and
monolaurin inactivate viruses by disintegrating the viral
envelope, thus reducing the infectivity of RNA and DNA
enveloped viruses [32]. Second, LA inhibits the late mat-
uration stage in the virus replication cycle as demonstrat-
ed in a study investigating the LA-mediated inhibition of
the Junin virus, which possesses a similar structure to
SARS-CoV-2 [33, 34]. Third, LA prevents the binding of
viral proteins to the host cell membrane as described for
infectious Vesicular stomatitis virus[35]. The effective-
ness and safety of LA as an antiviral compound against
HIV were also suggested [36, 37]. The substantial evi-
dence for the antiviral properties of LA (commonly found
in coconut oil) is promising and encourages its further
investigation as a potential therapeutic agent that is both
affordable and clinically innocuous for SARS-CoV-2-in-
fected patients.

Recent research signified the importance of MCFA
supplementation (in the form of C8:0-C10:0 MCT sup-
plement) as a way to optimize ketogenicity induced upon
metabolic switching [38]. An 8-h metabolic study proto-
col was suggested to assess the influence of ketogenic
MCT supplement, meal timing, and low-carbohydrate
meal on plasma levels of free fatty acids (FFA), blood ke-
tones, glucose, and insulin. Over the 8-h test period, the
provision of the study participants with 2 doses of the ke-
togenic MCT drink (10-g MCT for each dose of the drink)
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increased the plasma ketone response by 88% while re-
ducing glycemic response by 12%, without changing in-
sulin or FFA levels. Besides, researchers found that sub-
sequent to an overnight fast, an early breakfast was more
effective in potentiating the ketogenic effect of metabolic
switch over 8 h in comparison with a delayed lunch with-
out breakfast. Researchers concluded that a ketogenic
MCT drink can provide a booming short-term increase
in plasma levels of ketones under various feeding condi-
tions and might augment the metabolic effects of a short-
term metabolic switch or IF [38].

Switching Lipid Metabolism and Inhibition of

Cytokine Storm

Once SARS-CoV-2 invades the cells, it hijacks the
cells’ machinery and uses it to ensure its proper replica-
tion. This disruption results in damaging the infected
cells [39]. This prompts a local immune response, involv-
ing the recruitment of macrophages and monocytes that
often readily subsides permitting patients to ultimate re-
covery [39]. However, in more severe cases, viral replica-
tion triggers an aberrantly strong release of proinflamma-
tory cytokines, a phenomenon termed as a cytokine
storm, which causes damage to host tissue and contrib-
utes to lung injury and respiratory failure [39].

The positive effect of IF in triggering autophagy, and
the way how autophagy triggers the innate and adaptive
immunity against viral infection, including the SARS-
CoV-2, is extensively reviewed [40]. Hannan and col-
leagues [26] reported that fasting can provoke the host
defense system through activating multiple physiological
processes, including autophagy and immune responses.
The pulmonary alveolar epithelial cells that are infected
with SARS-CoV-2 release damage-associated molecular
patterns such as nucleic acids, which are recognized by
adjacent epithelial cells and resident macrophages,
prompting the release of proinflammatory cytokines and
chemokines (IL-6, IP-10, MIP1a, and MCP1). These me-
diators attract inflammatory cells, including monocytes,
macrophages, and T cells to the site of infection, which
normally acts on resolving the viral infection. In case of a
dysfunctional immune response, the uncontrolled viral
replications, as well as the massive infiltration of inflam-
matory cells, destroy the airway epithelial cells, resulting
in the release of several proinflammatory mediators in-
cluding IL-1f, IL-6, and TNF-a. Another fasting-mediat-
ed cellular process is autophagy that either activates in-
nate and adaptive immunity or degrades viral particles
(xenophagy) [26].
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Besides its direct antiviral effect, MCTs were reported
to enhance macrophage phagocytic activity and regulate
the expression of several inflammatory mediators [41].
MCFAs including caprylic, capric, and LAs were also
shown to suppress the expression of IL-8 [41], a proin-
flammatory cytokine, and the main chemoattractant-
driving neutrophil lung infiltration.

During SARS-CoV-2 infection, the uncontrolled viral
replication in lung tissue triggers the release of a wide
range of proinflammatory cytokines including IL-1§, IL-
6,1L-8, and TNF-a [39]. Three of the aforementioned cy-
tokines have been reported to be significantly reduced
upon IF, which reinforces the hypothesized role of IF in
ameliorating the inflammatory background of the infec-
tion [42, 43]. The infiltration of neutrophils to the airway
tissue was widely reported especially in severe stages of
the disease. These neutrophils, while attacking infected
cells, contribute largely to the destruction of the lung tis-
sue and hence the development of acute respiratory dis-
tress syndrome (ARDS). Therefore, by regulating IL-8 ex-
pression, MCFAs may limit neutrophil infiltration and
hence help to protect lung tissue from the exaggerated
immune response.

Lauric acid, on the other hand, was shown to down-
regulate the expression of IL-6 in intestinal epithelial
cells [41]. Interleukin-6 is another key proinflammatory
cytokine contributing to the cytokine storm observed in
most patients with severe COVID-19 symptoms. It is re-
leased from macrophages, and dendritic cells are infected
with SARS-CoV-2 [44]. Further, IL-6 triggers the release
of vascular endothelial growth factor, CCL2, and IL-8
[45], causing an upregulation of C-reactive protein blood
levels and increased infiltration of macrophages and
neutrophils to the inflamed lung tissue. The cytokine
suppressive effect of LA suggests that it may help in pre-
venting or at least regulating the uncontrolled wave of
proinflammatory cytokine and its devastating systemic
effect.

Suggested Diet to Disfavor the Viral Replication and

Infection

Here, we propose a medical hypothesis either as a pro-
phylactic or adjuvant supplement for people infected
with SARS-CoV-2. This aims to mitigate the infection by
changing the microenvironment of the host metabolism
in a way that disfavors viral replication and controls the
aggressive nonspecific immune responses. This is based
on a metabolic switch accompanied by host lipid metab-
olism to the ketogenic pathway. Caprylic acid/LA-en-
riched coconut oil can be used as a ketogenic MCT sup-
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Fig. 1. Schematic representation of a diet | )
regimen proposed to dampen the SARS-
CoV-2 infection by triggering metabol-
ic switching. SARS-CoV-2, severe acute
respiratory  syndrome  coronavirus-2;
MCFAs, medium-chain fatty acids; IF, in-
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plement that is hypothesized to aid in suppressing viral
replication and ameliorating the severity of COVID-19
complication. Also, by enhancing macrophage activity,
limiting neutrophil infiltration into the lung tissue, as
well as suppressing IL-6 cytokine, one of the key players
in the cytokine storm observed at later severe stages of

the diseases, MCFAs may suppress uncontrolled im-

mune responses.

This modification of the microenvironment required
for viral replication can be accomplished as well by a ke-
togenic MCT drink rich in LA and low in LCFAs fol-
lowed by a short-term IF period of 8-12 h. For a more
practical medical nutrition protocol, here we suggest that
healthy individuals, or patients with COVID-19, are sug-
gested to follow the proposed dietary regime indicated
below and in Figure 1, as a prophylactic or therapeutic
approach:

1. A breakfast enriched with ketogenic MCT via coconut
oil enriched with LA/caprylic acid and monounsatu-
rated long-chain fatty acid (oleic acid 18:1 omega-9)
from olive oil rich in antioxidant and anti-inflamma-
tory bioactive phytochemicals [46]. Breakfast with
more protein foods prepared with MCT oil (coconut
oil) can trigger the ketogenic pathway and hence sup-
posed to repress the viral replication.

2. Following breakfast supplemented with 20-g ketogen-
ic MCT drink and keeping an 8-12 h fasting can trig-
ger the ketogenic pathway and allow for cellular activa-
tion of the autophagy pathway and hence proposed to
ameliorate the SARS-CoV-2 viral replication. Atlunch
time, subjects are given 20-g ketogenic MCT drink
without a meal.

Metabolic Switch and SARS-CoV-2
Infection

3. After the 8-12 fasting period, a dinner with a balanced
diet can provide the required amount of carbohy-
drates, and fibers from fruits and vegetables rich in
vitamins and minerals are important for boosting the
immunity against SARS-CoV-2 infection [1].

Conclusion

With the gradual opening after long lockdown because
of the COVID-19 pandemic, we are proposing a prophy-
lactic diet regimen that may limit viral levels in the human
body. This can be established by switching the host lipid
metabolism, critical for viral replication and assembly, by
induction of the ketogenic pathway using coconut-rich
MCFAs along with olive oil, followed by 8-12 h fasting
and a dinner rich with fruits and vegetables.
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