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IntRoductIon
The term "epigenetics" refers to a change in the activity of DNA, 
Ribonucleic Acid (RNA) and proteins, without actually altering 
their sequences [1,2]. The epigenetic processes occur throughout 
the lifetime and are mainly governed by methylation, histone 
modification, acetylation like processes on the genes. Such alteration 
generates positive and negative regulatory signals, which affects 
the functionality and activity of the cell. Thereby, these epigenetic 
processes control how the gene is expressed and can modify its 
activity. It can therefore, be said, that apart from normal cellular 
processes like DNA synthesis, cell cycle, growth, development, 
gene expression, epigenetic processes can regulate the disease 
progression as well [3]. Dysregulation at the epigenetic level might 
cause serious pathologies, such as cancer, neurodevelopmental 
disorders, neurodegeneration and cognitive disability [4].

The COVID-19 pandemic, which originated from Wuhan city of Hubei 
province, China, in December 2019, is still a continuing threat to 
human health. SARS-CoV-2 is a highly contagious virus with infectivity 
present across a diverse human population [5] and has an increased 
risk of complications and mortality among ageing individuals [6]. 

Molecular analysis of the virus has revealed its binding domains 
which binds with host-specific proteins like Angiotensin-Converting 
Enzyme 2 (ACE2) and the transmembrane serine protease 2 
(TMPRSS2). Interaction of the virus with such specific host proteins 
is the reason for viral entry and infectivity patterns across the 
global population. Moreover, it has been highlighted that multiple 
epigenetic changes due to this viral infection are responsible for 
chromatin remodelling, which impacts the host genome stability 
and cell homeostasis [7]. Furthermore, diverse strategies to temper 
host epigenetic machinery using DNA methylation, ACE2 gene 
methylation, and post-translational histone modification by the virus 
may be the cause of disease severity differences among COVID-
19 infected people [8]. These epigenetic machineries can also be 

used by the virus to enhance its replication and infection efficiency 
by regulating the host innate immune response. Therefore, tracking 
these epigenetic modulations may present us with novel therapeutic 
strategies to troubleshoot the host immune response against the 
viral infection [9].

Although most coronaviruses cannot regulate the host genetic 
sequence, but they might alter the host epigenome. New researches 
have focused on how the virus regulates the host epigenetic 
machineries to mutate itself and improve its replication and persistence 
[6]. Recent technological advancements have made it possible to 
better comprehend the landscape of these epigenetic alterations at a 
genome-wide level [10].

Since many viruses utilise these host epigenetic machineries to 
improve their establishments, SARS-CoV-2 is also assumed to follow 
the same strategy [11]. In present review, authors have attempted to 
explain the epigenetic mechanism which the new coronavirus is likely 
to utilise and how epigenetic vaccines can be used to boost our innate 
response and trigger a better response against viral infections. 

LIteRAtuRe SeARch
The information of coronaviruses regarding epigenetics and the 
various vaccines developed against the COVID-19 infection was 
obtained from comprehensive review of literature from PubMed, 
Medline, ScienceDirect and other search engines, few news reports 
and World Health Organisation (WHO) bulletins were also referred. 
Insights about the COVID-19 vaccines were reported from authentic 
Government and Non Government sources.

epIgenetIc MechAnISMS And coVId-19
DNA methylation plays a vital role during the development and precise 
functioning of cells. A methyl group from the methyl donor S-adenosyl 
methionine is covalently attached to the fifth carbon of a Cytosine 
nucleotide, followed by a Guanine nucleotide (CpG dinucleotide). The 
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ABStRAct
Epigenetics showcases an interconnection between genes and the environment. The expression or repression of genes can 
result from epigenetic regulatory mechanisms like Deoxyribonucleic Acid (DNA) methylation, histone modifications and chromatin 
remodelling. The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) regulates host epigenetic machineries to mutate 
itself, improve its replication and increase its persistence by alienating the host’s antigen-presenting molecules and modulating 
interferons expressing genes. The previous outbreak of Middle East Respiratory Syndrome Coronavirus (MERS-CoV) reveals that 
DNA methylation by the virus plays a crucial role in the loss of antigen-presenting molecules in the host. Since these coronaviruses 
share an ancestorial link, it is believed that the new coronavirus acts similarly. Recent reports of increasing morbidity, mortality and 
persistence of Coronavirus Disease 2019 (COVID-19) points to the rapid mutation and evading of immunity of the host. Vaccines, 
although they have helped to prevent the pandemic but their action remains questionable with new developing variants. We explore 
the possibility of developing epigenetic-based drugs and vaccines and other immune modulators that are being investigated to end 
the present COVID-19 pandemic and open new avenues for any such pandemics in the future. Comprehensive review regarding 
COVID-19 was obtained from PubMed and other search engines. Insights about the COVID-19 vaccines were reported from scientific 
sources. Epigenetics is a crucial subject to explore for the development of therapeutic strategies against the COVID-19 virus. 
Epigenetic modulators that can be re-programmed to counter the replication and infection efficiency of this virus and medications, 
including transcription suppressors, nucleoside inhibitors, can be one of the new strategies which may have a better outcome.
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modifications (m6A/m) which have been found to play essential roles 
in the viral life cycle [11]. These modifications also affect the structure 
and replicating ability of the virus along with the host’s innate recognition 
and immune response processes. The m6A RNA methylation is the 
most abundant epi-transcriptomic modification of eukaryotic mRNAs 
and has been detected on cellular and viral transcripts, regulating 
numerous biological processes, including viral infection [20,21]. 

Coronaviruses like SARS-CoV and MERS-CoV possess the ability 
to mediate epigenetic modifications by alienating the host’s antigen-
presenting molecules and modulating interferons expressing genes 
[22,13]. This process can be understood by analysing DNA methylation 
signatures among various immune and blood cells at different time 
intervals. Evaluating the past, during, and post-effects of infection by 
a coronavirus in the human population could also explain the variation 
in severity of this disease [23]. The vulnerability of senior citizens to 
SARS-CoV-2 infection may also be related to the ageing epigenome 
constitution leading to easy entry of the virus into the host [24]. This 
viral entry process is guided by the interaction of viruses’ Receptor-
Binding Domain (RBD) part of spike protein with the human ACE228 
and Dipeptidyl-Peptidase 4 (DPP4) receptors [25].

pReVentIon And tReAtMent 
StRAtegIeS AgAInSt coVId-19
The first strategy adopted for COVID-19 treatment appeared very 
promising in the beginning. Several antiviral drugs like Remdesevir, 
Favipiravir, Lopinavir/Ritonavir or Umifenovir were administered 
either alone or in combination with antimalarial chloroquine/
hydroxychloroquine chemicals [11]. Currently, no specific drug 
is available for the treatment, but previous drugs have been 
repurposed based on their potential to either negate virus, reduce 
lung inflammation or disease symptoms. Nevertheless, WHO has 
put forward several clinical trials for the use of hydroxychloroquine, 
Remdesevir with or without Lopinavir in combination with Interferon 
(IFN) beta 1a against COVID-19 [26].

Other combination strategies included biologicals like convalescent 
plasma or mesenchymal stem cells and mesenchymal stem 
cell-derived exosomes. Chinese traditional medicines and other 
supplements with vitamin C and D were also considered [27-
30]. These drugs target transcription, viral translation, protease, 
and autophagy. Therefore, it has proven to bring relief in suffering 
patients of SARS-CoV-2 infection. Although these drugs targets all 
the reverent checkpoints in the SARS-CoV-2 life cycle, mixed results 
were reported, which included side-effects as well [31]. These drugs 
were selected and re-purposed for the use against SARS-CoV-2 
based on past experiences during SARS infections [32].

The second approach to treat COVID-19 disease was convalescent 
plasma therapy, where the plasma was extracted from COVID-19 
recovered individuals. The convalescent plasma approach showed 
the best results in terms of recovery [33]. 

Yet another approach taken was of immunotherapies. Since most 
immunotherapies are still under clinical trials, results for their use 
against SARS-CoV-2 have yet to be pressed. Due to the reason 
that vaccines need more time to design, test and manufacture, 
the approaches mentioned above were the most promising in the 
hours of crisis. Upon completion of the vaccines clinical trials, the 
ones which performed greatly in terms of safety and efficacy during 
the phase-3 clinical trials were given the emergency authorisation 
for human use and is listed under the Emergency Use Listing by 
the WHO. These were COVISHIELD (ChAdOx1 nCoV-19) which is 
manufactured by AstraZeneca and Serum Institute of India, COVAXIN 
by Bharat Biotech [waiting for approval by WHO for Emergency 
Use Listing], SPUTNIK- V by Gamaleya and Dr Reddy’s, mRNA-
1273 by Moderna, mRNA-BNT162b2 by BioINTech and Pfizer, Non 
replicating viral vector vaccine Janssen owned by Johnson and 
Johnson and inactivated SinoVac and Sinopharm [34]. [Table/Fig-1] 
shows some of the COVID-19 Vaccines [35-52].

CpG methylation, an epigenetic mark, will be read by the replication/
transcriptional machinery similar to the non methylated cytosine. DNA 
methylation is recognised as an epigenetic signal by unique DNA-
binding proteins which translate these signals into a cellular function. 
DNA methylation acts as a switching OFF/repressing or switching 
ON/activating epigenetic signal based on methylation pattern. As 
methylation levels increase, there is less transcription until the level 
of DNA methylation reaches the point at which the gene is switched 
OFF (the double helix is closed). In the absence of DNA methylation, 
gene transcription is allowed to occur. In other words, if all of the cells 
associated with a particular gene are unmethylated, they will be able 
to perform their programmed function. Conversely, if the gene is fully 
methylated, the functionality will get diminished or completely stop [12].

The viruses utilise this epigenetic mechanism to switch ON/OFF 
genes at multiple host gene locations. The chemical processes 
behind DNA methylation and histone modification also subjugate 
antigen-presenting molecules. These molecules are responsible 
for initiating host immune responses against viruses and has 
been highlighted in a recent study, which has concluded that DNA 
methylation plays a crucial role in the loss of antigen-presenting 
molecules after the infection by MERS-CoV [13].

Yet another study highlights that SARS-CoV and MERS-CoV 
hinders the host-pathogen recognition machinery and alters the 
interferon-stimulating-genes expression percentages by encoding 
unique proteins, which affect the immune signalling response [14], 
and the viruses develop antagonistic mechanisms to overcome the 
interferon-stimulating-genes effector [15]. The antiviral response 
of the host against the infection is mediated by the activation of 
interferon-stimulating genes during the viral infection, and this 
expression of interferons and initiation of innate immune response 
is regulated by specific epigenetic marks. These epigenetic marks 
are controlled by the epigenetic enzyme activity and chromatin 
remodelling (histone modification and Adenosine Triphosphate 
(ATP) dependent modelling to restructure nucleosome) complexes 
formation, which are the sites for moderation by the infected virus. 
With the previous knowledge about other viruses, like Human 
Immunodeficiency Virus (HIV-1) and Herpes Simplex Virus (HSV), 
which can modulate the host chromatin, it increases the chances 
that the coronaviruses may also act similarly [16.17]. 

chRoMAtIn ReModeLLIng
Chromatins serves to pack the DNA into a much denser structure 
and control its function, including gene expression and other 
cellular processes [18]. However, they must be accessible to the 
RNA polymerase and other transcribing factors for genes to get 
expressed. The condensed state of the chromatin confines its 
access to the transcribing machinery, thereby restricting the gene 
expression. Hence, the phenomenon of the unravelling of chromatin 
structure into an exposed state is called chromatin remodelling. It is 
now clear that interaction between chromatin and the transcriptional 
factors act as a transcriptional regulator. Histone modifications are 
responsible for triggering the chromatin for further modifications. 
Post-translational modifications are made to the amino-terminal 
tails of histone proteins, resulting in a dynamic interplay between 
histone and DNA modifications, as well as the combination 
possibilities for gene regulation. The process leading to structural 
changes in chromatin can be interpreted into two parts. The first is 
the breaking of interactions between nucleosomes, second, where 
various protein factors are recruited to unravel the nucleosome [19]. 
Moreover, multiple histone-modifying enzymes are also involved with 
the process, namely, serine/threonine kinases, methyltransferase, 
acetyltransferases, proline isomerases and ubiquitin ligases [19]. 
Such enzymes are responsible for chromatin modifications. 

These major epigenetic machineries not only control the host immune 
response but can also ensure their operational control. SARS-CoV 
virus has shown a strong association with RNA modifications like 
N6-methyladenosine (m6A) and N6,2′-O-dimethyladenosine (m6Am) 
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epIgenetIc AppRoAcheS to coVId-19 
MAnAgeMent
As DNA methylation and histone modification governs ACE2 
regulation, the epigenetic enzymes that control these processes, 
they become the potential targets for modulating the host immune 
system. These enzymes include DNA methyltransferase 1, histone 

acetyltransferase 1 (HAT1), histone deacetylase 2 (HDAC2), and 
lysine demethylase 5B (KDM5B). Inhibitors of these enzymes can 
therefore be re-purposed to treat coronaviruses infection. DNMT1 
inhibitors, e.g., Azacitidine, HAT1 inhibitors, such as anacardic acid, 
and HDAC2 inhibitors, such as valproic acid, can be the potential 
therapeutic chemicals for this approach [11]. 

name of 
vaccine Manufacturer

Country 
name

Type of 
vaccine efficacy

Shelf life 
(Storage) Route

 number 
of 

doses Schedule

adverse 
effect  following 
immunisation

any other 
 instruction Reference

ChAdOx1 
nCoV-19, 
COVISHIELD

Astra Zeneca
United 
Kingdom

Viral vector 
encoding a 
spike protein

81% 
symptomatic

6 months 
stored in a 
refrigerator 
between 2 
to 8°C

Intramuscular 
injectable

2
12-16 
weeks 
apart

Injection site 
tenderness/pain, 
headache, fatigue, 
myalgia, arthralgia, 
malaise, pyrexia, 
chills, nausea/vomiting

After first opening, 
use the vial within 
6 hours when 
stored at room 
temperature.

35
Serum Institute 
of India

India

COVAXIN Bharat Biotech India
Whole-virion 
inactivated

81% 
symptomatic

24 months 
stored in a 
refrigerator 
between 2 
to 8°C

Intramuscular 
injectable

2
4 weeks 
apart

Injection site 
tenderness/pain, 
headache, fatigue, 
myalgia, arthralgia, 
malaise, pyrexia, 
chills, nausea/
vomiting

Use of 
Chloroquine and 
Corticosteroids 
may impair 
antibody response

36

SPUTNIK- V

Gamaleya Russia
Viral vector 
encoding a 
spike protein 

91% 
symptomatic

2 months 
stored in a 
refrigerator 
between 2 
to 8°C

Intramuscular 
injectable

2
3 weeks 
apart

Pain and swelling 
at the injection site, 
flu like illness, fever, 
fatigue, body aches, 
headache

Shake well, before 
use

37
Dr Reddy’s India

Spikevax, 
mRNA-
1273, CX-
024414

Moderna TX, 
Inc.

United 
States

Recombinant 
mRNA 
encoding a 
spike protein

94.1% 
symptomatic

7 months 
stored in 
a freezer 
at -25°C 
to -15°C

Intramuscular 
injection

2
4 weeks 
apart

Pain, Redness, 
Swelling, Tiredness, 
Headache, Muscle 
pain Chills, Fever, 
Nausea

Thawed prior to 
administration.
Vaccine in 
the dosing 
syringe prior to 
administration. 
The white to off-
white suspension 
may contain white 
or translucent 
product related 
particulates.

38

mRNA-
BNT162b2

BioNTech and 
Pfizer

Germany 
and 
United 
States

Recombinant 
mRNA 
encoding a 
spike protein

95% 
symptomatic

9 months 
stored in 
a freezer 
at -80°C 
to -60°C

Intramuscular 
injection

2
3 week 
apart

Soreness, fatigue, 
myalgia, headache, 
chills, fever, joint 
pain, nausea, muscle 
spasm, sweating, 
dizziness, flushing, 
feelings of relief, 
brain fogging, 
anorexia, localised 
swelling, decreased 
sleep quality, itching, 
tingling, diarrhoea, 
nasal stuffiness and 
palpitations

Prior to dilution 
and after thawing, 
gently invert the 
vial 10 times to 
mix; do not shake

39

JNJ-
78436735

Johnson & 
Johnson

United 
States

Viral vector 
encoding a 
spike protein 

66% 
symptomatic

4.5 
months 
stored in a 
refrigerator 
between 2 
to 8°C

Intramuscular 
injection

1 -

Risk of a rare 
adverse event called 
Thrombosis with 
Thrombocytopenia 
Syndrome (TTS)

There should 
be a minimum 
interval of 14 
days between the 
administration of 
this vaccine and 
any other vaccine 
against other 
health conditions

40

Sinopharm 
BBIBP-CorV

China National 
Pharmaceutical 
Group Co., Ltd.

China
Whole-virion 
inactivated

79% 
symptomatic

24 months 
stored in a 
refrigerator 
between 2 
to 8°C

Intramuscular 
injection 

2
21-28 
days 
apart

Dizziness, fatigue, 
headache, nausea, 
vomiting, fever and 
allergic dermatitis

The first dose 
and second dose 
should be the same 
vaccine. However, 
if severe allergic 
reactions develop 
after the first dose, 
other alternative 
vaccines might be 
considered. Once 
administrative 
guideline 
for vaccine 
interchangeability 
becomes 
conclusive, the 
recommendations 
might be changed 
in accordance 
with standard 
guidelines.

41
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However, the drug dosages for treating COVID-19 may exhibit 
severe side-effects like, mild tubular and interstitial haemorrhages 
and disruption of capillaries, accumulation of mucoproteins in 
renal tubules, inhibition of gene transcription and enhanced 
proinflammatory transcription leading to cell death and apoptosis 
[27,53,54]. Epigenetic drugs based on their anti-inflammatory action 
for treatment of cancer, by moderating host cellular epigenetic 
machinery can be a promising antiviral therapy, since the virus 
multiplication and persistence relies on the same machinery [55,56].

Recent studies also reveal that the primary cause of death in 
SARS-CoV-2 infection was the uncontrolled production of soluble 
markers of inflammation, referred to as cytokine storm. Decitabine, 
a nucleoside-based DNMT inhibitor, which is found to reduce 
inflammation and IFN response in macrophages by inhibiting DNA 
methylation, could be a promising therapy to prevent complication 
and mortality in COVID-19 patients [Table/Fig-2] [31,57]. It has been 
recently included in a therapeutic trial for COVID-19 pneumonia-
Acute Respiratory Distress Syndrome (ARDS) [58].

Natural killer cells and lung innate lymphoid cell group 2 govern the 
long-term strengthening of the innate immune response through 
epigenetic processes, according to a study on innate immune 
cells [59,60]. Upon exposure to viral infection, these cells undergo 
metabolic, mitochondrial and epigenetic reprogramming. As a 
result, the improved immune response to secondary heterologous 

infection develops the memory phenotype [61]. The research also 
points to the role of β-glucan in immunological dysregulation and 
cytokine storm in COVID-19 afflicted people. Their studies observed 
that β-glucan-driven memory-based immunity also determines 
some epigenetic changes and that it could represent a valuable 
target for COVID-19 treatment [61].

In addition, a few studies suggest that COVID-19 patients should 
consume vitamins and other natural products to boost their immunity 
and minimise any inflammatory response [62-64]. Vitamin D and 
quercetin may reduce COVID-19 disease severity by decreasing 
the expression of ACE2 and its possible function in regulating the 
cytokine storm linked to COVID-19 patients mortality [63,65]. 

It’s worth noting that the Polycomb Repressive Complex 2 (PRC2), 
which controls transcription suppression via H3K27me3 enrichment 
at particular IFN-stimulated genes, might potentially be another target 
for research. PRC2 inhibitors are presently being tested for cancer 
treatment and thus, can be repurposed for the use against COVID-
19 infection [66]. Despite the fact that no epigenetic medications are 
currently available, various methods are being investigated which may 
have a better outcome, few of those strategies are discussed below.

1. SaRS-CoV-2 treatment with drugs using histone modification: 
A recent study [58] on immune epigenetics has concluded that 
coronaviruses have a persistent need to modify histone protein 

CoronaVac
Sinovac 
Biotech Ltd.

China
Whole-virion 
inactivated 

66.6% 
against 
symptomatic

24 months 
stored in a 
refrigerator 
between 2 
to 8°C

Intramuscular 
injection

2
4 weeks 
apart

Injection site 
reactions fatigue, 
diarrhoea, and 
muscle pain

Avoid exposing 
CoronaVac to the 
disinfectant during 
use.
Do not freeze.
It should be 
administered 
immediately after 
opening the vial. If 
the second dose 
is administered 
less than 2 weeks 
after the first, 
the dose does 
not need to be 
repeated.

42,43

ZyCoV-D
Cadila 
Healthcare 
Limited

India Plasmid DNA
67% 
against 
symptomatic

3 months 
stored in a 
refrigerator 
between 2 
to 8°C

Intradermal 
pharmajet

3
28 days 
apart

Fever, headache

Three doses of the 
ZyCoV-D vaccine 
will be administered 
on day 0, day 28 
and day 56. Each 
of the three doses 
will be given in two 
shots on each arm, 
right and left; for 
an individual to be 
fully vaccinated 
by ZyCoV-D, one 
would have to 
be injected with 
six shots of the 
vaccine.

44,45

INO-4800
Inovio 
Pharmaceuticals

United 
States

DNA encoding 
spike protein

91% 
symptomatic

>3 
months 
at 8°C ; 
five-year 
projected 
shelf 
life in a 
refrigerator 
between 2 
to 8°C

Intradermal 
injection

2
28 days 
apart 

Fatigue, headache, 
and muscle pain.

Delivered 
intradermally 
followed by 
electroporation

46,47

Nuvaxovid, 
Covovax, 
NVX-
CoV2373

Novavax, Inc
United 
States

Recombinant 
nanoparticle 
vaccine (protein 
subunit vaccine 
and a virus-
like particle 
vaccine)

80% 
symptomatic

Storage 
at 2°C to 
8°C

Intramuscular 
injection

2 21 days
Fatigue, headache, 
and muscle pain.

Each injection 
includes many 
spike nanoparticles, 
along with a 
compound 
extracted from the 
soapbark .

48,49,50

CoviVac
Chumakov 
centre 

Russia
Whole-virion 
inactivated

80% 
symptomatic

Storage 
at 2°C to 
8°C

Intranasal 2
14 days 
apart 

Fatigue, headache, 
and muscle pain

Vaccine 
administered to 
a person via the 
nose and does not 
require a needle.

51,52

[table/Fig-1]: Overview of the COVID-19 vaccines based on manufacturer, country of origin, type of vaccine, its doses and adverse effects etc [35-52].
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to improve its establishment. The strategy the virus engages in 
overpowering the human epigenetic machinery is histone mimicry. 
This is done by replacing a part of the host’s epigenetic machinery 
with a viral protein, thereby causing gene silencing and enhanced 
inflammatory response [67]. Hence, these foreign proteins can be 
a potential target for decreasing the viral load and decreasing the 
burden on the host’s immune system. Since the histone mimicry 
approach is still left to be uncovered for most viruses, the possibility 
of a generalised epigenetic drug remains untouched [68].

2. awakening innate immunity sensors to fight virus: Even though 
the development of vaccines against the SARS-CoV-2 has dramatically 
reduced the necessity of finding any other preventive strategy but 
their efficacy against the developing mutant variants is falling with the 
emergence of new variants, which is of concern today in the fight 
against the COVID-19. The vaccines usually trigger only the adaptive 
immune system to fight against the COVID-19 virus. Still, the possibility 
of improving vaccine adjuvants that acts as immune potentiators by 
modifying the body’s innate immune system can help complement the 
actions of vaccine [69].

To treat SARS-CoV-2, immunomodulation by Toll-Like Receptor 
5 (TLR5) activation, which is essential in innate immune sensing, 
might be a novel strategy. In motile gram positive and gram negative 
bacteria, these TLR recognise the structural protein of the flagellum 
[70]. Therefore, it can be hypothesised that flagellin, which is a 
disguise of SARS-CoV-2, may signal similar to a bacterial infection 
but instead triggers an innate antiviral immune response [34]. Similar 
approaches are being trialled for influenza viruses [71]. Recent 
research [72] on m6A methylation conducted in light of this notion 
is an effective strategy that might lead to the first epigenetic based 
drugs and vaccines that targets both innate and adaptive immune 

responses [72]. There are other potential areas still left to explore for 
the development of any other preventive mechanism as in future, 
other options may be considered as well.

otheR noVeL AppRoAcheS to coVId-19 
MAnAgeMent

probiotics as Immunostimulants
Researches suggests that the human microbiome is linked with both 
innate and adaptive immunity. The human pharyngeal microbiome, 
which thrives at the nexus of the digestive and respiratory systems, is 
critical in avoiding respiratory infections in normal physiology. Since 
respiratory inflammation or ARDS is one of the hallmarks of COVID-
19 disease, the pharyngeal microbiome may interact effectively 
with the local epithelial and immune cells, forming a unique micro-
ecological system capable of eliciting host immunological responses 
to neutralise invading viruses [67]. 

Previously, many studies [73,74] were conducted on the microbiome-
manipulation or probiotic activity in gastrointestinal diseases. 
Microbiomes with similar activity in the respiratory region of the body 
may play a fundamental role in the treatment of COVID-19 disease. 
There is evidence that the microbiome community of the nose and 
throat is associated with influenza susceptibility [75], and identifying 
stable microbiomes in these regions may protect us against SARS-
CoV-2 infection, decreasing the need for a strain-specific vaccine. 
Knowledge of microbiomes in numerous parts of the body might 
lead to the development of alternative therapies that can be tailored 
to treat SARS-CoV-2 and other similar infections. [76].

Probiotic nasal spray in an animal study was found to decrease 
symptoms of illness and viral titres in mouse models, improving their 

[table/Fig-2]: Interaction between host epigenetic machinery and epigenetic modulators during a viral infection.
(+): Host machinery action; (-): Viral effect
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survival [62]. Recently studies [77,78] have focused on the effects of 
various Lactobacillus strains on viral infections. These nasal probiotics 
have proven to induce the expression of viral defence genes such as 
IFN-beta, Interleukin (IL)-12, and IL-10. They have also been reported 
to inhibit respiratory tract influenza infection via regulating the 
microbiota-controlled Toll like Receptors-7 (TLR) signalling pathway 
[79]. The mechanism behind protection from disease in these mouse 
models might be due to the direct probiotic viral interaction or by 
immunomodulation through these probiotics. Evidence from in-
vitro models supports this concept, Lactobacilli binds and inhibits 
Vesicular Stomatitis Virus (VSV) strains in a cell culture model [67]. 
With the promising results obtained from these studies, performing 
similar tests against the COVID-19 virus might prove beneficial. 

Probiotics present us with other advantages as well; they secrete a 
range of antiviral metabolites, like violacein, that can kill viruses or 
inhibit replication. Additionally, other members of the microbiome 
family can also reduce initial viral titres in the airways and, therefore, 
can lead to a milder infection [80]. These advantages project us 
with a prevention strategy against the cytokine storm, one of the 
hallmarks of COVID-19. 

nano-medicine
Another potential field to approach for COVID-19 management 
is using aerosol inhalation of therapeutic nano-medicine agents. 
Studies are focusing on the use of Mesenchymal Stem Cell (MSC)-
derived exosome and interferon-beta inhalators as therapeutics. 
Results from clinical trials in this field could provide more insights 
into this approach [81]. 

host-dependent RnA editing of SARS-coV-2 genome
RNA editing by host deaminases is an innate restriction process to 
counter viral infection [82]. However, RNA editing directly affects the 
genetic information of the viral genome; therefore, it may demise or 
fuel the virus evolution. The human Adenosine Deaminase Acting 
on RNA1 (ADAR1) is an RNA-binding protein, which functions 
through post-transcriptional modification of mRNA transcripts and 
is considered as a master regulator of cytoplasmic innate immunity. 
ADAR1 catalyses the deamination of adenosine to inosine in 
double-stranded RNA. It can exert either antiviral or pro-viral effects 
depending upon the infecting virus. For example, hyper editing of 
HCV and Lymphocytic Choriomeningitis Virus (LCMV) viral genomes 
lead to antiviral effects, while ADAR1 editing of influenza A RNA 
enhances viral protein expression [83]. In the case of COVID-19, 
ADAR contributes to the evasion of type-I-interferon responses [84]. 
Inhibitors of ADAR1 leads to viral inhibition by enhanced interferon 
stimulation in primary macrophages [85]. Therefore, this can be 
another strategy to boost antiviral response in viruses that trigger 
suboptimal interferon responses, as seen during SARS-CoV-2 
infection. However, mutational analysis of genomes from different 
viral and human transcripts reveals mutational patterns with reduced 
ADAR signatures [86]. In contrast, after 24 hours post-infection of 
SARS-CoV-2, higher levels of A-to-I editing were recorded, although 
accounting for <1% of sites.

dIScuSSIon
The epigenetic process occurs throughout the life and is essential 
for altering positive and negative regulatory signals, which affects 
the functionality of any cell [3]. SARS-CoV-2 outbreak has been 
one of the deadliest threats to human health across the globe. 
One of the leading causes of death among COVID-19 patients 
is the development of cytokine storms leading to tissue damage 
and multiorgan failure, thus death. Studies have revealed that 
COVID-19 virus modulates the host epigenetic machinery to 
regulate the expression of many proinflammatory cytokines, 
including TNF-α, and to maintain its virulence by evading the 
immunity. Dysregulation of the epigenetic machinery of the host 
by methylation and post-translational histone modification by the 

COVID-19 virus might be responsible for a diverse spectrum of 
diseases and their severity. [8,11].

Response of host immune cells against infection is mediated by 
activation of antiviral genes. As the virus hinders the host immune 
response by DNA methylation (switch OFF) of these genes at 
multiple host gene locations [14], the first strategy could be the 
unmethylation of genes in the affected cell, which may allow the 
gene transcription in the cell to perform their programmed function.
[12]. Epigenetic enzyme activity and chromatin remodelling by 
histone-modifying enzymes and ATP dependent restructuring of 
nucleosome [16] are moderated by the virus [11]. Preventing the 
unravelling of chromatic structure by the virus can be yet another 
strategy to prevent infection. Since epigenetic modulating the 
DNA methylation and histone modification by using the regulatory 
enzymes by the virus is the potential targets for modulation host 
immune response, inhibitors of these enzymes can therefore be re-
purposed to treat coronaviruses infection. Also, epigenetic drugs for 
the treatment of cancer can also be a good candidate as a broad-
spectrum viral action and inflammatory function [54]. 

Based on the fact that natural killer cells and lymphoid cells 
strengthened by epigenetic process on viral interaction can give 
insight to β-glucan-driven memory-based immunity that it could 
represent a valuable target for COVID-19 treatment [60]. PRC2, 
which controls transcription suppression via H3K27me3 enrichment 
at particular IFN-stimulated genes, might potentially be another 
target for research. The persistence of the virus based on histone 
protein mimicry by the virus by developing viral proteins can be a 
potential target for decreasing the viral load and decreasing the 
burden on the host’s immune system [58].

The development of drugs and vaccines requires knowledge of viral 
genome mapping from a global perspective so that the function of 
epigenetics in the viral infection can be further investigated using 
this genomic information of methylation and chromatin structure. 
Investigations concerning the epigenetic causes of disease severity 
might present us with new strategies against this virus. Redesigning 
antiviral drugs that target specific epigenetic modulators and new 
chromatin-based therapies against viruses like SARS-CoV-2 may 
decrease the disease severity [87]. 

At the same time, it is equally important to develop strategies for 
prevention against the infection by making the innate immune 
response more stronger by identifying protein-protein interaction to 
map host-virus interactions and using small RNA molecules that 
enable long-term epi-antiviral control. The unique microecological 
system of the body may be investigated as a promising therapy for 
enhancing and eliciting host immunological responses to neutralise 
the invading viruses by immunomodulation [33]. In this regard, it 
has been remarkable to see all the scientific communities worldwide 
collaborating to expedite the newer strategies in vaccine and antiviral 
drug development. Tracking these epigenetic modulations might 
present to us with novel therapies to develop strategies to regulate 
host immune response against the virus [9].

concLuSIon(S)
Epigenetics has a significant role in the persistence and progression of 
COVID-19 disease. Epigenetic modulators and epigenetic medications, 
including transcription suppressors, nucleoside inhibitors, can be one 
of the strategies which may have a better outcome. Therapeutic use of 
MSc-derived exosome and interferon as nanoparticles via aerosol is a 
promising approach. Host-dependent RNA editing of the SARS-CoV-2 
genome and regulating the cytoplasmic innate immunity may be yet 
another approach to decease infectivity and severity of COVID -19. 
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