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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) belongs to the family coronaviridae. It is spherical and 
possesses proteins called spikes, which can clamp onto the human cells. Once in close interaction with the human cells, 
these viruses undergo structural change and can fuse with the cell membrane. The virus enters the host and starts the process 
of translation and transcription in the cells and uncoated genome, respectively. Due to the rapid transmittable nature of the 
virus, extant actions should be taken. The fatty acids administrated orally, or intravenously, could help us gear things up in 
providing resistance and preventing infection. Hence, the multiplication of the virus could be hindered by arachidonic acid, 
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). In that context, the current review highlights the role of 
these unsaturated fatty acids and their derivatives such as lipoxins and resolvins in the inactivation of the enveloped coro-
navirus disease 2019 (COVID-19).
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Introduction

The current pandemic, as declared by the World Health 
Organization (WHO), has taken a toll on humankind. The 
reason behind this is the COVID-19, which emerged in 
December 2019 [1]. Recently, the existence of a total of six 
types of human coronavirus (HCoVs) has been reported. 
The virus types comprise HCoV-NL63 and HCoV-229E, 
and both reside in the genus alphacoronavirus (Alpha-CoV). 
Next up is HCoV-OC43, HCoV-HKU1, severe acute respira-
tory syndrome coronavirus (SARS-CoV), and Middle East 
respiratory syndrome coronavirus (MERS-CoV) [2]. All 
these viruses fit in the genus betacoronavirus. The epicenter 
for the same is Wuhan, China, and the virus comes out to be 
profoundly contagious and has shown zoonotic transmission 
[3]. The current scenario is substandard, and more than 100 

countries have now reported laboratory-confirmed cases of 
COVID-19 [4]. The virus spreads very effectively into an 
alternate host that was not previously exposed or susceptible; 
therefore, one needs to be updated regularly and be prepared 
to control extreme virus proliferation. Table 1 shows the 
timeline of the emergence of viral infection in recent times.

Once the virus enters the host cell, the multiplication 
starts and progeny viruses are produced immediately [9]. 
The different genera of coronavirus with examples are 
shown in Fig. 1. Attachment of the viral particle to the host 
membrane is aided by proteins called spikes to protrude out 
of its membrane. These spikes on the outer surface give the 
virus its name—coronavirus, i.e., crownlike. On similar 
lines, SARS and MERS outbreaks were also reported a few 
years back and it has been found out that the novel coronavi-
rus that emerged in 2019 is likely to have the same genome 
as that of SARS-CoV [10]. Recent studies have shown that 
these spikes bind to some receptors on the human cell sur-
face known as angiotensin-converting enzyme-2 (ACE2) 
receptors [11]. Interestingly, the same ACE2 was also the 
cellular receptors for the SARS-CoV. This ACE2 is the 
first homolog of ACE and is seen to counterpose the activ-
ity of ACE by modulating the angiotensin system. Many 
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contemporary studies elucidate a substantial and prophylac-
tic role of ACE2 in the renal system, cardiovascular system, 
and most importantly respiratory system [12]. A TEM image 
of the coronavirus isolated from a patient, which was later 
cultivated in the laboratory, shows the spikes of the virus 
emerging out from the outer surface which is presented in 
Fig. 2.

Genetic constitution of SARS‑CoV‑2

COVID-19 is composed of a positive-strand RNA viruses 
(+ssRNA viruses) accomplices of a nucleoprotein [13]. This 
occurs within an outer covering called capsid enclosing the 
matrix proteins. The virus is seen to possess a minimum of 
six open reading frames (ORFs) in its genome. ORFs 10 and 
11 play a role in the encoding of the four principle structural 
proteins on one-third of the genome near the 3′-terminal site. 
It has been discovered that the gene of ORF 8 shows poten-
tiality as an objective for the novel CoV. The reason behind 
it is that ORF 8 is entirely peculiar to the novel COVID-
19 only. It shows no cross-reactions to other existing kinds 
of coronaviruses [14]. Hence, for any kind of advances in 

Table 1  Outbreak of the virus 
in recent past

S. no. Emergence of virus Year References

1 Severe acute respiratory syndrome coronavirus 2002 [5]
2 Influenza type 1 virus called the influenza virus H1N1 2009 [6]
3 Middle East respiratory syndrome virus 2012 [7]
4 Novel coronavirus or the severe acute respiratory syndrome 

coronavirus 2
2019 [8]

Fig. 1  Schematic representation 
of different genera of the coro-
navirus with suitable examples

Fig. 2  TEM image showing the COVID-19 virus, isolated from a 
patient, cultured in a laboratory. The image clearly shows the spikes 
emerging out from the viral surface [29]
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pathogenesis or resistance, it becomes imperative to under-
stand the phenotypic structure and genetic constitution of 
the same.

Studies have sighted clearly that this virus is a spheri-
cal or pleomorphic ‘enveloped particle’ [15]. The envelope 
consists of many projections (composed of the carbohydrates 
affixed to the polypeptide chains) which are in the shape of 
a club or arched. Some of the coronaviruses also comprise 
a ‘hemagglutinin esterase’ protein along with these glyco-
proteins [16].

It has been noted that the viral membrane is composed 
of a total of three to four proteins as shown in Fig. 3. ‘M 
protein’ is present in ample amount, where M stands for 
membrane glycoprotein which passes over the bilayered 
viral membrane three times, vacating a small  NH2-terminal 
domain outside the virus and a long-COOH terminal 
domain, i.e., the cytoplasmic domain inside it [17]. The 
other proteins like the envelope protein (E), spike protein 
(S), nucleocapsid (N) as well as membrane protein (M) are 
encoded by the 3′-terminal site of this genome. This par-
ticular genome also encodes for the eight accessory proteins 
[18]. Peplomers are constituted by some S proteins as a type 
1 glycoprotein membrane [16]. 

The chief initialization for neutralizing antiserum/anti-
bodies is done by the S protein itself. The intracellular 
formation of virus particles is determined completely by 
M protein without any requirement of the S protein. The 
length of the spike in the virus is important to be recog-
nized as it is probable to play a salient role in the patho-
genesis as well as the treatment of the same [19]. Lately, 
sequence analysis of nCoV uncovered that it comprehends 
a classical genome structure of CoV and permeates with 
the clump of viruses of genus betacoronavirus that encircle 

the following viruses: bat-SARS-like (SL)-ZC45, bat-SL 
ZXC21, SARS-CoV, and MERS-CoV. Established on the 
phylogenetic tree of CoVs, it is ruled out that 2019-nCoV 
is more sharply related to bat-SL-CoVZC45 and bat-SL-
CoVZXC21 and not so closely related to SARS-CoV [20].

ACE‑2 as therapeutic target in COVID‑19

Our skin, lymph node, the brain, nasopharynx, the small 
intestines, the kidneys, stomach, colon, thymus, bone mar-
row, oral and nasal mucosa, spleen, liver, and blood ves-
sels are the chief organs explicating ACE2. These could 
be the objective of the SARS-CoV-2 virus [21]. ‘Angio-
tensinogen’ as a pivotal substratum of the rennin–angio-
tensin system (RAS) is primarily produced by the liver 
and is then sliced up to produce Ang1 with the assistance 
of rennin (proangiotensin). Talking about the pulmonary 
circulation, AngI is seen to get readily stimulated to AngII 
by ‘angiotensin-converting enzyme’ (ACE) [22]. In this 
progression, ACE operates as a peptidyl-dipeptidase and 
further unfolds the decapeptide AngI to an eight-amino-
acid peptide called AngII. AngII is one of the eminently 
recognized vasopressors [23].

The binding of SARS-CoV-2 virus and ACE 2 receptor 
has only increased the infectivity level, leading to the out-
break of COVID-19 [24]. A remarkable number of known 
compounds with combative consequences of the SARS-
CoV-2 virus for bandaging with the ACE2 receptors could 
be a fresh territory in research to undertake and clutch the 
problem with SARS-CoV-2. Henceforth, ACE2 is seen as 
a flicker of hope for the unwelcomed scenario [25].

Fig. 3  Structure of enveloped 
coronavirus
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Role of bioactive lipids in inactivation 
of enveloped viruses

FA and envelope inactivation

Long-chain fatty acids (LC-PUFAs) such as AA, EPA, 
and DHA play a significant role in curtail of inflamma-
tory activity. They are very essential for human health; 
however, a more investigation is required about their role 
in the control of viral infection [26]. Naked viruses show 
no effect on UFAs, but inactivation of some enveloped 
viruses is associated with the action of FA on them [27]. 
Some electro-micrographs have shown that the association 
of FA with the enveloped viruses disintegrated the enve-
lope. In a study, non-saturated monoglycerides, as well as 
alcohols about a chain length of 16–18C were endowed 
to be extremely potent inactivators of enveloped viruses, 
namely herpes simplex virus type II [28]. Hence, some 
relation between the FA and viral inactivation could be 
established.

Mechanism of fatty acids against viral infection

In the time of pandemic with rising cases day by day, it 
has been found out that building up of our innate immu-
nity blocks progression of COVID-19 at early stages, 
while omega-3 polyunsaturated fatty acids (n-3 PUFAs) 
show immunomodulation effects [29]. It is known that 
omega-3 fatty acids exert anti-viral effects by inhibiting 
influenza virus replication and the use of omega-3 fatty 
acids might upgrade oxygenation in COVID-19 patients 
especially [30]. This might happen due to the counterin-
tuitive increase in oxidative stress and inflammation due 
to increased susceptibility of cellular membranes to dam-
age. n-3 PUFAs also interfere with virus entry and replica-
tion. n-3 PUFAs may modulate the membrane rafts where 
ACE2 and transmembrane protease serine 2 (TMPRSS2) 
are mainly expressed and lipid raft modulation may be 
an option to reduce ACE2-mediated virus infection [31]. 
As an important part of the membrane phospholipids, n-3 
PUFAs can modulate the properties of the membrane. 
Some of the properties which are regulated are the mem-
brane fluidity and protein complex assembly in lipid rafts. 
Domains, both raft and non-raft, may also modulate the 
expression, stability, and enzymatic activities of ACE2 and 
TMPRSS2. The number and size of these rafts also influ-
ence these activities. Among omega-3 long-chain PUFAs, 
DHA is described to directly regulate the formation of 
lipid rafts [32].

The fatty acids play a significant role in viral infec-
tion. The more the number of carbon chains, the maximum 

will be the activity of fatty acids against viral infection 
[33]. Several theories are elucidating the mechanism of 
fatty acids against viral infection. Previously, the Rous 
sarcoma virus can be successfully inactivated by a 1% 
solution of sodium oleate leading to the disappearance of 
viral infection. A fraction of UFAs from pig pancreatic 
tissue strongly inhibits chicken sarcoma virus. Treatment 
of 10 µg/mL of oleic acid inactivates the viral envelope, 
while with 50 µg/mL concentration completely disrupts 
any possible viral particles. Mouse mammary viral parti-
cles can be inactivated by cream from human milk which 
finally degrades viral envelope [33]. Electron micrograph 
study revealed that 1 mg/mL of linoleic completely dis-
rupts viral envelope showing potent anti-viral activity 
[34]. The exact mechanism of viral inactivation by fatty 
acid is unknown; however, the fatty acids cause disintegra-
tion of bilayer lipid envelope with high efficacy.

Antimicrobial role of the FA

The SARS, SARS-CoV-2, and MERS are all enfolded with 
an envelope shape similar genome [35]. It has been discov-
ered that some UFAs including AA might hold the capacity 
to disintegrate their envelopes. Hence, we can say that these 
polyunsaturated fatty acids (PUFAs) hold a decisive posi-
tion here. Occasionally, the virus contagiousness process 
includes internalization, particle assembly, and lastly the 
virus liberation. AA, EPA, and DHA have certain metabo-
lites that show both anti- and pro-inflammatory properties. 
These bioactive compounds intervene in the cellular mecha-
nism by promoting phagocytosis, thus getting hold of possi-
ble antigens, and generate immunocytes. These metabolites 
are resourcefulness for reducing microbial load too [11]. 
Some metabolites such as lipoxin A4, resolvins, protectins, 
and maresins function as endogenous antimicrobial mol-
ecules, and so their appropriate use may aid in decreasing 
the morbidity and mortality due to SARS-CoV-2, SARS, 
and MERS. It has been seen that short-chain and long-chain 
saturated fatty acids do not possess anti-viral activities even 
at their highest tested amounts, whereas medium-chain sat-
urated and long-chain UFAs show high anti-viral activity 
against the enveloped viral particles [36]. High anti-viral 
actions were shown by the monoglycerides of these FAs. 
This has a direct effect on the viral envelope, causing its 
leakage. At much higher concentrations, these were seen to 
completely disintegrate the envelope, as well as the viral par-
ticle, including its plasma membrane, and ultimately result 
in cell lysis. Some studies have shown that free fatty acids 
(FFAs) induce endoplasmic reticulum (ER) stress and block 
anti-viral activity (in the case of interferon-alpha against 
hepatitis C virus). This mechanism involves the accumu-
lation of fat intracellularly in the hepatitis C virus (HCV) 
cell culture that is later seen to induce ER stress and also 
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defect in the JAK-STAT signaling pathway which ultimately 
deflates the anti-viral response [37].

The integral procedure of the antimicrobial activity of 
FAs entailing AA too may incorporate their capacity to 
induce not only the leakage but also the bacteriolysis of 
membranes of the cell, even incorporating the degradation 
of a viral proteinaceous envelope, and numerous other bio-
logical effects, which are metabolous [11]. All this is not 
only delimited to inhibition of respiratory activity; many 
other roles like consequences on the passage of amino acids 
and uncoupling of ‘oxidative phosphorylation’ have been 
analyzed as well [38]. Studies were also conducted to check 
the effect of fatty acids on certain microbes. The results indi-
cated that the inhibitory functioning of a non-metabolized 
fatty acid on E. coli is built upon the biological metabol-
ous acts and also on the stability of the outer membrane 
[39]. This background familiarity points out that PUFAs as 
well as their metabolites were designated as the ‘bioactive 
lipids’ suggestive of a meaningful role. Other studies were 
done on the microbes such as Staphylococcus aureus and 
coagulase-negative Staphylococci; group A Streptococci 
existent on the human being’s skin surface displayed that 
these are comprehensively inefficient or fruitless in a way 
to root any infection by the skin surface lipids; chiefly, UFA 
Streptococcus was seen to expire within 5 min after they 
were exposed to OA (oleic acid) [40]. The reason behind 
it was the change in the stability of their outer sheath on 
exposure to the acid [39].

Influence of DHA and EPA

‘Saturated fatty acids’ with either long or short chains 
implied almost no or a very little anti-viral effect at the 
most immense concentration vis-a-vis medium-chained 
saturated and UFA with long chains. The latter were all 
eminently effective against tackling the enveloped viruses, 
even though the extent of fatty acid is mandatory for maxi-
mal viral inactivation heterogeneous by a huge factor of 20 
times [41]. Monoglycerides of these FAs implied a high anti-
viral action, in a few occurrences at an amount that is ten 
times reduced than that of the free FAs. Anti-viral fatty acids 
were endowed to affect the ‘viral envelope,’ causing leaking 
out and, at larger concentrations, an entire degradation of 
envelope and the viral particles [36]. These also facilitated 
dissolution of the sheaths, i.e., plasma membrane of tissue 
culture cells giving rise to lysis and death of the cell.

Studies have also shown that linoleic acid (LNA) and its 
derivatives EPA and DHA are omega-3 fatty acids which 
are generally recognized for their profitable ramifications 
on our well-being and status of health. Studies also depicted 
that DHA and EPA have disparate effects on the behavior 
of leukocytes such as ‘phagocytosis, chemotactic response, 
and cytokine production’ [42].

Even so, the efficacy of these fatty acids and their metab-
olites on microorganism’s sheaths and their antioxidant 
characteristics are shown to obstruct the development of 
microbes. This proves that in this way the human welfare can 
be achieved. Immune cells in humans are ordinarily plente-
ous in arachidonic acid; however, this, along with EPA and 
DHA contents, could be revised via their oral administra-
tion [43]. Hence, omega-3 fatty acids could be studied and 
considered a substitution or adjunctive remedial agents. This 
all is only because of their antimicrobial and immunomod-
ulatory functions. It is anyways known that a continuing 
nutritional supplementation of omega-3 fatty acids is more 
favorable [44]. It is seen to lower swellings and the sever-
ity of illness and enhance the survival rates, analogously to 
omega-6 fatty acids [34].

Cholesterol 25‑hydroxylase (CH25H) 
and non‑enveloped viruses

‘Interferon-stimulating gene supposedly gives rise to a 
reticulum-associated sheath protein called CH25H, and it is 
capable of hindering duplication of viruses [23]. This study 
was conducted on the encephalomyocarditis virus (EMCV), 
a non-enveloped ssRNA virus. But the repercussions of the 
same on EMCV are not precisely explicated [45].

This specific viral species spreads the infection to many 
mammals, giving rise to many diseases like inflammation of 
the brain: encephalitis, other neurological illness, diabetic 
problems, reproduction-related disorders, problems in the 
heart, etc. [46].

To combatant the emerging viral infections, approaches 
like using fatty acids have unfurled. In the last few years, 
FA relevance as ‘drug delivery adjuvants’ is realized and 
biolipid is yet another approach showing promising results. 
The quest for molecules that can block the virus coupling 
to the human cell requires knowledge of binding modes of 
viral peptides and human receptors. Hence, blocking the 
attachment site of the virus in the upper respiratory tract is 
a preventive measure against the viral particle. The after-
math reveals that FAs, taken orally or intravenously, lead to 
rejuvenation from contagious illnesses and might prevent 
these infections or provide resistance [8, 47–49].

Concluding remarks and prospects for future 
research

To emerge, combatant approaches like using fatty acids have 
unfurled in the last few years and the role of fatty acids as 
‘drug delivery adjuvants’ is realized. Biolipid is yet another 
approach showing promising results. The quest for mol-
ecules that can block the virus coupling to the human cell 
requires foreknowledge of binding modes of viral peptides 
and human receptors. Hence, blocking the attachment site 
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of the virus in the upper respiratory tract is a preventive 
measure against the viral particle. The aftermath reveals that 
FAs, taken orally or intravenously, led to rejuvenation from 
contagious illnesses and might prevent these infections or 
provide resistance.
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