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SARS-CoV-2, SARS and MERS are all enveloped viruses that can cause acute respiratory
syndrome. Arachidonic acid (AA) and other unsaturated fatty acids (especially eicosapentaenoic acd, EPA and docosahexaenoic acid DHA) are known to inactivate enveloped
viruses and inhibit proliferation of various microbial organisms. The pro-inflammatory
metabolites of AA and EPA such as prostaglandins, leukotrienes and thromboxanes
induce inflammation whereas lipoxins, resolvins, protectins and maresins derived from
AA, EPA and DHA not only suppress inflammation but also enhance would healing
and augment phagocytosis of macrophages and other immunocytes and decrease microbial load. In view of these actions, it is suggested that AA and other unsaturated fatty
acids and their metabolites may serve as endogenous anti-viral compounds and their deficiency may render humans susceptible to SARS-CoV-2, SARS and MERS and other
similar viruses’ infections. Hence, oral or intravenous administration of AA and other unsaturated fatty acids may aid in enhancing resistance and recovery from SARS-CoV-2,
SARS and MERS infections. Ó 2020 IMSS. Published by Elsevier Inc.
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Introduction
The current epidemic of COVID-19 (coronavirus) has been
declared by WHO as a global epidemic. This COVID-19
epidemic is somewhat similar to the previous severe acute
respiratory syndrome (SARS-CoV-2 or SARS; 20022003) and Middle East respiratory syndrome (MERS;
2012-ongoing) outbreaks. All these infections could be
traced to zoonotic transmission. All 3 viral infections have
similar clinical presentation with fever and cough leading to
lower respiratory tract disease with significant mortality
especially in the elderly and those with underlying health
conditions. These infections can be confirmed by nucleic
acid testing of respiratory tract samples (eg, throat swabs)
though initial clinical diagnosis is based on symptoms, exposures, and chest imaging. Since no specific effective antiviral drugs are available for these diseases, supportive care
is of paramount importance (1).
SARS-CoV-2, SARS and MERS Infections are Similar
Studies showed that the SARS-CoV-2 and the current coronavirus disease 2019 (COVID-19) share similar genome.
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For instance, genome of SARS-CoV-2 shares about 80%
identity with that of SARS-CoV and is about 96% identical
to the bat coronavirus BatCoV RaTG13 (2).
It is interesting to note that angiotensin-converting
enzyme 2 (ACE2) is the cellular receptor for SARS
coronavirus (SARS-CoV) and the new coronavirus
(SARS-CoV-2) that is responsible for the current epidemic
COVID-19 (3).
Like other coronaviruses, SARS-CoV-2 particles are
spherical and have proteins called spikes protruding from
their surface that can latch onto human cells, which then
undergo a structural change allowing them to fuse with
the cell membrane (Figure 1). This facilitates the viral
genes to enter the host cell to be copied, producing more
viruses. It was reported that the SARS-CoV-2 spike was
10e20 times more likely to bind ACE2 on human cells
than the spike from the SARS virus from 2002, which
enable SARS-CoV-2 to spread more easily from person
to person than the earlier virus (4). Despite similarities
in sequence and structure between the spikes of the two
viruses, three different antibodies against the 2002 SARS
virus could not successfully bind to the SARS-CoV-2
spike protein, suggesting that potential vaccine and
antibody-based treatment strategies need to be more specific to SARS-CoV-2.
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Potential Drugs for SARS-CoV-2, SARS and MERS
SARS-CoV-2 is an enveloped, positive-sense, singlestranded RNA b-coronavirus similar to the SARS and
MERS viruses. Some of the potential antiviral targets encoded by the viral genome include non-structural proteins
(e.g., 3-chymotrypsin-like protease, papain-like protease,
RNA-dependent RNA polymerase and its helicase), structural proteins (e.g., the capsid spike glycoprotein) and
accessory proteins. Several clinical trials are underway,
either alone or with various combinations of interferons,
guanosine-analog RNA synthesis inhibitors, reverse transcriptase inhibitors or influenza drugs, such as baloxavir
marboxil, oseltamivir and umifenovir. Investigational drug
remdesivir, a nucleotide analog antiviral, that blocks the
RNA polymerase of the Ebola virus is under investigation
for its potential action against SARS-CoV-2.
It is noteworthy that at least ten clinical trials are testing
chloroquine, an antimalarial and autoimmune disease drug
for its effectiveness against SAES-CoV-2. It is believed that
the endosomal acidification fusion inhibitory action
of chloroquine can possibly block infection by SARSCoV-2.
Some of the strategies employed to test the efficacy of
most of the drugs in clinical trials against SARS-CoV-2
depend on their ability to inhibit key components of the coronavirus infection lifecycle including viral entry into the
host cell (blocked by umifenovir, chloroquine or interferon), viral replication (blocked by lopinavir/ritonavir,
ASC09 or darunavir/cobicistat, which inhibit the 3C-like
protease [3Clpro]) and viral RNA synthesis (inhibited by
remdesivir, favipiravir, emtricitabine/tenofovir alafenamide
or ribavirin). To a large extent these clinical trials are depending on the high level of genomic sequence similarity

Figure 1. Transmission electron microscope image shows SARS-CoV-2.
The spikes on the outer edge of the virus particles give coronaviruses their
name, crown-like.
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between the SARS-CoV-2, SARS and MERS proteins
involved in the replication cycle.
SARS-CoV-2 uses angiotensin-converting enzyme 2
(ACE2) and the cellular protease transmembrane protease
serine 2 (TMPRSS2) to enter target cells (Figure 2).
TMPRSS2 inhibitor camostat mesylate seems to have the
ability to block cellular entry of the SARS-CoV-2 virus.
Janus-associated kinase (JAK) inhibitor Olumiant (baricitinib), approved for rheumatoid arthritis, is being tested on
the basis of its capacity to inhibit ACE2-mediated endocytosis. JAK inhibitor, Jakafi (ruxolitinib), is now under clinical trials (combined with mesenchymal stem cell infusion)
for COVID-19. Despite all these efforts, the development of
a suitable and effective drug(s) against SARS-CoV-19 will
take time.
Bioactive Lipids Inactive Enveloped Viruses, Possess
Anti-inflammatory and Wound Healing Actions and
Decrease Microbial Load
Some of the mechanisms by which the invading microorganisms are eliminated or neutralized include generation
of specific antibodies by the immunocytes that aid in their
elimination by elaborating various cytokines, reactive oxygen species (ROS), activation of complement system and
other specific and non-specific means to trap and kill them
with little or no injury to various tissues. In this process of
protecting the body against the onslaught by the microorganisms, there could occur some amount of inevitable
inflammation, injury and cell/tissue damage. In order to
repair the tissue damage as a consequence of attack by
the invading organisms and the resultant inflammatory process, resolution of inflammation and wound healing process
need to occur in a coordinated and orderly fashion to

Figure 2. Atomic-level structure of the SARS-CoV-2 spike protein. The
receptor binding domain, the part of the spike that binds to the host cell,
is colored green. (4).

Bioactive Lipids and COVID-1

restore homeostasis. Thus, the infection induced by the
invading microorganisms could be local or systemic
whereas the resolution of inflammation and wound healing
and restoration of homeostasis is more a local process. For
all these events to occur, there need to be a cross-talk
among invading organisms, tissues that they attack, immune system, inflammatory events associated cells and resolution initiating and inducing cells/tissues and their
molecules.
In this context, it is noteworthy that polyunsaturated
fatty acids and their metabolites (termed as bioactive
lipids) seem to have a crucial role. It is known that Staphylococcus aureus and coagulase-negative staphylococci,
group A streptococci present on normal human skin are
rendered ineffective to cause any infection by the skin surface lipids, especially unsaturated fatty acids. Group A
streptococcus exposed to oleic acid (OA, 18:1n-9) die
within 5 minutes of exposure as a result of an alteration
in the integrity of the cell membrane (5). In addition, oleic
acid enriched mouse peritoneal macrophages showed 3e4
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fold greater erythrophagocytic capacity compared to palmitic acid-enriched macrophages (6). Staphylococci in
the lung alveoli are killed mainly outside alveolar macrophages that seem to reside in the highly unsaturated arachidonic acid (AA, 20:4n-6) present in the surfactant
(7e11). Other unsaturated fatty acids: linoleic, oleic,
and palmitoleic also showed anti-bacterial activity but
were less potent compared to AA that is effective against
gram-positive and gram-negative bacteria, fungi and enveloped viruses, including influenza and HIV (8e21).
The mechanism of the antimicrobial action of AA and
other fatty acids may include their ability to induce
leakage and even lysis of microbial cell membranes
(including disruption of viral protein envelopes), as well
as various cellular metabolic effects, including but not
limited to inhibition of respiratory activity, effects on
transportation of amino acids, and uncoupling of oxidative
phosphorylation (21e24). Based on these evidences, it is
reasonable to suggest that alveolar macrophages, leukocytes, T and B cells, NK cells and other immunocytes

Figure 3. Scheme showing how bioactive lipids could inhibit microbial proliferation.
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release AA and other unsaturated fatty acids into their surrounding milieu when challenged by various microorganisms including viruses such as SARS-CoV-2, SARS and
MERS, in turn, inactivate these invading organisms and
thus, protect lungs and other tissues. This could be one
of the fundamental mechanisms employed by human body
to protect itself from various microbes. This implies that a
deficiency of AA and other unsaturated fatty acids may
render a person more susceptible to various infections
including SARS-CoV-2, SARS and MERS.
It is noteworthy that prostaglandins, leukotrienes and
thromboxanes formed from AA have pro-inflammatory actions whereas lipoxins (from AA), resolvins from EPA (eicosapentaenoic acid, 20:5 n-3) and DHA (docosahexaenoic
acid, 22:6 n-3) and protectins and maresins (derived from
DHA) have potent anti-inflammatory actions, resolve
inflammation and aid in wound healing and at the same
time augment phagocytic capacity of macrophages and
other cells to remove debris from the site(s) of infection
and injury and enhance microbial clearance (25e31)
(Figure 3). In view of the fact that SARS-CoV-2, SARS
and MERS are enveloped viruses, they can be easily inactivated by AA and other unsaturated fatty acids. This implies that oral or intravenous administration of these fatty
acids may enhance recovery from these infections and
when present in adequate amounts in immunocytes and
body fluids (especially in the alveolar fluid) may actually
prevent these infections.

Conclusions
It is evident from the preceding discussion that AA and
other unsaturated fatty acids can inactivate enveloped viruses including SARS-CoV-2, SARS and MERS. The metabolites of AA, EPA and DHA have both pro- and antiinflammatory actions and participate in resolution of
inflammation and wound healing and regulate phagocytic
action of macrophage and other immunocytes and have
the ability to reduce microbial load. This suggests that
AA, EPA and DHA and their anti-inflammatory metabolites such as lipoxin A4, resolvins, protectins and maresins
function as endogenous anti-microbial molecules and so
their appropriate use may aid in decreasing the morbidity
and mortality due to SARS-CoV-2, SARS and MERS.
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