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Abstract
The outbreak of a novel coronavirus namely SARS-CoV-2, which first emerged from Wuhan, China, has wreaked havoc not 
only in China but the whole world that now has been engulfed in its wrath. In a short lapse of time, this virus was successful 
in spreading at a blistering pace throughout the globe, hence raising the flag of pandemic status. The mounting number of 
deaths with each elapsing day has summoned researchers from all around the world to play their part in driving this SARS-
CoV-2 pandemic to an end. As of now, multiple research teams are immersed in either scrutinizing various antiviral drugs 
for their efficacy or developing different types of vaccines that will be capable of providing long-term immunity against this 
deadly virus. The mini-review sheds light on the possible approaches that can be undertaken to curb the COVID-19 spread. 
Possible strategies comprise viral vector-based, nucleic acid-based, protein-based, inactivated and weakened virus vaccines; 
COVID-19 vaccine being developed by deploying Hyleukin-7 technology; plant-based chimeric protein and subunit vaccines; 
humanized nano-bodies and human antibodies; intravenous immunoglobulin (IVIG) infusion therapy; inhibitors for ACE-2, 
Angiotensin 1 receptor (AT1R), complement system, viral proteins, host cell protease and endocytosis; shield immunity; 
IL-6R, NKG2A and hACE2-SARS-CoV-2-RBD interaction blocking monoclonal antibodies; SARS-CoV RdRp-based drugs, 
traditional Chinese medicine, repositioned and anti-viral drugs. These vaccines and drugs are currently being screened in 
the clinical trials as several of them have manifested positive results, hence increasing the probability of becoming one of 
the potential treatments for this disease.

Keywords SARS-CoV-2 · COVID-19 · Epidemiology · Vaccines · Combat strategies · Approaches

Introduction

From Wuhan, China, Coronavirus disease 2019 (COVID-19) 
first emerged out which is known to trigger acute respira-
tory diseases like lung failure and pneumonia [1, 2]. The 
causative factor of COVID-19 is identified as a novel coro-
navirus, which is now recognized as severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) [2]. SARS-CoV-2 
has been classified as a betacoronavirus, belonging to the 
Coronaviridae family. Its characteristics include genome size 
of nearly 30 kb, bearing single-stranded, positive-sense RNA 
and an envelope. The entry of SARS-CoV-2 into the cell 
relies on glycoprotein - spike protein (S) which is present in 
each CoV. It is apparent that SARS-CoV-2 gains its access 

inside the cell through an enzyme that is amply expressed 
on the surface of the cell termed as ACE2 (Angiotensin-
converting enzyme 2). Against certain critical organs such 
as lungs, gastrointestinal tract, kidneys and airways, SARS-
CoV-2 exhibits potent tropism [3].

Through a couple of symptoms which varies from show-
ing mild or no manifestations to acute sickness or even 
death, COVID-19 occurrence can be indicated. Its usual 
symptoms comprise dyspnea, fever and cough. Further doc-
umented symptoms include fatigue, pharyngitis, olfactory 
dysfunction, ageusia, pain in muscles and distress of res-
piratory system [4]. Additional significant pathologies were 
noticed, in particular clotting ailment, failure of liver and 
kidney and nervous system disorder. Their criticality and 
implications lately have been started to be apprehended [3].

There is increased probability of SARS-CoV-2 having 
been stemmed from zoonotic coronaviruses, such as SARS-
CoV, which appeared in 2002. Just a couple of months of the 
very first study, SARS-CoV-2 had spread through China and 
across the globe, approaching a pandemic juncture. Because 
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COVID-19 has incurred significant economic damages and 
prodigious human deaths [2] (that are 991, 224 in number 
as of 27 September, 2020) [5], presenting a global peril, 
the assessment of the current scenario and designing strate-
gies to curb the dissemination of the fatal virus is strongly 
obligated [2] as no clinically-proven vaccines and antiviral 
drugs are available against SARS-CoV-2 [6]. This mini-
review outlines the potential approaches to combat noxious 
COVID-19.

Probable strategies

COVID‑19 vaccines

SARS-CoV-2 pandemic has called on research teams from 
all around the world to develop vaccines at a swift pace in 
order to wane off this alarming ordeal. As of now, research 
organizations which are sprawled worldwide are engrossed 
in developing more than 90 vaccines altogether. Cur-
rently, eight different kinds of vaccines are being assessed 
for COVID-19. These include: inactivated and weakened 
virus vaccines on which seven groups are working on; the 
approach of nucleic acid vaccine (either in the DNA or RNA 
form) is being employed by 20 groups at least; 25 research 
teams are concentrated on developing viral vector-based vac-
cines (which can include either replicating or non-replicating 
viral vector) and 33 teams are forming protein-based vac-
cines (which can either be protein subunit vaccine on which 
28 groups are focused on or virus like particles approach 
which is being exploited by 5 teams in particular) [7].

Weakened virus, non‑replicating viral vector 
and protein‑based vaccines

A couple of methodologies are being utilized for SARS-
CoV-2 vaccine development. In an inactivated vaccine, by 
means of heat or chemicals, a virus is made non-contagious. 
Beijing’s Sinovac Biotech has commenced testing this vac-
cine in humans [7]. The vaccine contains an entire particle 
of virus that is inactivated chemically. A booster of immune 
system termed as alum is also being added in this vaccine 
of SARS-CoV-2 [8]. Furthermore, a weakened virus vac-
cine uses a virus that has been weakened conventionally 
via passing it through the cells of humans or animals until 
mutations develop or arise in it, thus lessening its potential 
to induce a disease. In addition, non-replicating viral vector 
vaccine is being developed by Johnson & Johnson, though 
no authorized vaccine available in the market has ever used 
such approach to manufacture one. Another method, virus-
like particles (VLP) deploy vacant shells of virus which are 
intended to simulate the structure of the virus. VLPs are also 
able to elicit robust immune reactions [7].

DNA and viral vector‑based vaccines

Inovio Pharmaceuticals’ DNA vaccine (INO-4800) stimu-
lates T cell activation by introducing plasmid DNA which 
displays the spike of SARS-CoV-2 [2]. This DNA vaccine 
is currently in the phase I of the clinical trial. Moreover, 
CanSino Biologics has developed a viral vector-based vac-
cine known as ‘Adenovirus type 5 vector vaccine’ (Ad5 - 
nCoV) that can express protein S of SARS-CoV-2 [9]. 
Contained in this vaccine is an adenovirus 5 present in non-
replicating form which plays the role of a vector in order 
to transfer the SARS-CoV-2 spike protein’s gene [8]. Pres-
ently, its efficacy is under assessment in the first clinical 
trial. Such viral vector-based vaccines provide an abiding 
stability, great degree of expression of proteins and elicit 
robust immune reactions [9].

COVID‑19 vaccine incorporating Hyleukin‑7 
technology

A COVID-19 vaccine being designed by Genexine Inc. 
employs the technology of the Hyleukin-7 system. Hyleu-
kin-7 System improves immune reactions by combining 
interleukin-7 (IL-7) to hy-Fc, engineered for hybridization 
of IgG4 and IgD in order to achieve prolonged Fc fusion pro-
tein’s effect. A flexible hinge area is possessed by IgD that 
optimizes the Fc-fusion protein’s biological function. IgG4 
contains an unexposed junction area that helps reduce detri-
mental immunogenicity by impeding complement-depend-
ent and antibody-dependent cellular cytotoxicity [2]. Gen-
exine Inc. has documented enhanced vaccine effectiveness 
in the influenza A virus model, exhibiting aggregation of 
lung-resident T cells and a rise in the number of plasmacy-
toid dendritic cells through Fc-coalesced IL-7 therapy [10].

Recombinant subunit vaccine

Clover Biopharmaceuticals has been pre-clinically experi-
menting on a recombinant subunit vaccine which is focused 
on the SARS-CoV-2 trimeric S protein [2]. Protein S com-
prises a trimeric S2 base and three S1 heads [11]. In the 
mammalian cell culture-based expression model, Clover 
Pharmaceuticals verified the formation of an indigenous tri-
meric viral spike and the presence of neutralizing antibodies 
which are specific to the antigen in the completely recuper-
ated patients’ sera. Also, the University of Queensland is 
creating subunit vaccines, utilizing the groundbreaking tech-
niques of the molecular clamp. In this method, the surface 
protein is secured by a polypeptide namely molecular clamp 
which enhances the identification of the appropriate antigen, 
hence resulting in better immune responses [2].
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Protein S‑centered vaccines

Numerous approaches are enacted for designing vaccines for 
CoV as majority of those vaccines focus glycoprotein spike 
(S) (which is exposed on the surface) as the neutralizing 
antibodies’ primary stimulator. A few protein S-centered 
approaches are being undertaken in order to manufacture 
vaccines for CoV, for example, deploying S1-receptor-bind-
ing domain (RBD) or complete-length protein S [12, 13]. 
The two subunits namely S2 and S1 are found within pro-
tein S molecule. RBD is held by subunit S1 as RBD comes 
into contact with angiotensin-converting enzyme 2 (ACE2), 
its host cell receptor, whereas subunit S2 facilitates host-
virus cell membrane fusion for transferring viral RNA to the 
cytoplasm in order to aid the replication process. Therefore, 
protein S-centered vaccines would produce antibodies that 
not only inhibit viral receptor’s attachment but also virus 
genome’s uncoating event [13, 14].

Avian IBV vaccine

The coronavirus that affects chicken is Avian Infectious 
Bronchitis Virus (IBV). It was hypothesized that IBV (strain 
H) live avian virus vaccine could be beneficial for SARS 
[15], provided that immunity generated by strain H is hinged 
on neutralizing antibody formation and various responses of 
immune cells. Therefore, after determining its efficacy, the 
IBV avian vaccine can be regarded as one of the alternatives 
for COVID-19 vaccine [13, 16].

Epitope‑based vaccine

For being used in the vaccine for COVID-19, the immuno-
informatics method may be deployed to recognize epitopes. 
Immuno-informatics has lately been employed to detect 
major B-cell epitopes and cytotoxic T lymphocytes (CTLs) 
in S proteins of SARS-CoV-2. Encounters among these 
epitopes and their respective class I MHC molecules had 
been additionally explored through molecular dynamic 
simulations and discovered that epitopes of CTL attach to 
peptide-binding grooves of MHC class I by numerous con-
tacts, implying their ability to generate immune responses. 
These epitopes have the ideal properties of being included in 
the COVID-19 vaccine [13]. Moreover, E protein’s possible 
B cell epitopes and Nucleocapsid (N) protein of MERS-CoV 
are proposed as potential immuno-protective sites which 
elicit neutralizing antibody reactions, also, responses of 
T-cell [17, 18].

Live‑attenuated virus vaccine

Via removing or lessening alive virus’s virulence, live-atten-
uated vaccines can be developed employing site-directed 

or chemical-led mutagenesis; hence, virus has the ability 
to induce a potent infection, however, ensuing illness can 
either get eliminated or diminished. This vaccine holds 
the potential to generate adaptive and innate immune reac-
tions, thus providing long-lasting protection. In this, reverse 
genetic techniques have been auspiciously deployed to dis-
able the non-structural protein 14 exonuclease consequences 
or remove the SARS envelope protein [19]. In addition, a 
live-attenuated vaccine provides host with numerous anti-
genic constituents and could hence presumably bring about 
various immunological effectors in opposition to pathogens. 
Codagenix Inc. has stated that it is collaborating with India’s 
Serum Institute, Ltd. for producing live-attenuated SARS-
CoV-2 vaccine [20]. Codon deoptimization process on virus 
is carried out or employed to produce a live-attenuated vac-
cine that is “rationally engineered” [20, 21].

Plant‑based chimeric protein and subunit vaccines

Since plant-based biopharmaceuticals offer efficient and 
price-effective approaches to guard against novel conta-
gious illnesses, plant expression systems may be used to 
develop COVID-19 vaccines. Transient expression in plants 
may be tailored for biopharmaceutical protein generation 
as it is required to manufacture ‘fast response vaccines’ 
being capable of producing more protein in a brief period. 
Against COVID-19, biopharmaceutical manufacturing based 
on plants should entail the detection of possible epitopes 
and the generation of complete-length viral surface proteins 
found in the envelope area or the development of chimeric 
proteins or subunit vaccines [22]. Because coronavirus 
employs ACE2 that aids its entry into the cell, monoclonal 
antibodies could be generated in plants which are discovered 
and validated to be efficacious against proteins of SARS or 
ACE-2-specific-proteins and later nCoV efficacy would be 
assessed [22].

mRNA vaccine

The mRNA vaccines are a propitious substitute to existing 
vaccines owing to their increased efficacy, rapid genera-
tion span, inexpensive processing and harmless adminis-
tration. The protocol for the production of mRNA vaccine 
comprises identification of antigens, gene optimization, 
scanning the altered nucleotides, tuning the delivery meth-
ods, assessing immune responses and lastly, testing for 
its safety [23]. In particular, no mRNA vaccine has so far 
reached the market, hence more time may be required for 
the establishment of quality standards and safety assess-
ment. Moderna has developed the SARS-CoV-2 mRNA 
vaccine which contains mRNA-1273 that encodes protein 
S [20]. It makes use of protein S mRNA which is recom-
bined in vitro in accordance with the sequence of the gene. 
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For successful conveyance, this mRNA is encapsulated by 
LNPs (lipid nanoparticle). A myocyte picks up LNP until 
infused into a muscle. Afterwards, for protein S transla-
tion, mRNAs get delivered to cytoplasm. Such internally 
produced protein S would be released which would trigger 
cellular and humoral immune reactions [24]. This vaccine 
has been introduced in animal models and clinical batch 
generation [20].

Antigen‑based vaccine

The S2 subunit’s FP domain is responsible for the virus’s 
membrane fusion, this being a crucial stage in the patho-
genicity of the virus [25]. It can also act as a candidate 
antigen for the vaccine. Currently, RBD-FP fusion protein 
has been developed by Tianjin University. These proteins 
when inoculated in mice have shown to produce a large 
titer of antibodies and now its efficacy is under review 
[20].

SARS-CoV M protein, the amplest protein present on its 
surface, is involved in the assembly of the virus [26]. It has 
been stated that in SARS patients, complete-length M pro-
tein immunization is capable of producing neutralizing anti-
bodies [27]. The structural and immunogenic analysis has 
disclosed that the M-protein transmembrane domain com-
prises a T-cell epitope cluster capable of inducing a potent 
cellular immune response [28]. Between various species, 
M protein is often extremely conserved in evolution [26]. 
Hence, it can become a candidate antigen for the production 
of the SARS-CoV-2 vaccine [20].

Intravenous immunoglobulin (IVIG) infusion 
therapy

IVIG (Intravenous Immunoglobulin) is derived from a sig-
nificant volume of sera which is obtained from convales-
cent individuals with the viral infection. It has been sug-
gested that specific IVIG (sIVIG) can be used from which 
IgG could be obtained and used in minimum quantities. It is 
plausible to purify this IVIG by affinity either on a column 
composed with peptides that form the virus spikes or with 
peptides considered to be virus components. It tends to be a 
possible solution by transmitting the normal innate immune 
system to compromised individuals from healthy ones [29].

ACE‑2 inhibitor

ACE-2 receptor aids the entry of SARS-CoV-2 into the cell, 
thus ACE-2 can be targeted to hamper SARS-CoV-2 repli-
cation, as this strategy brings into play another therapeutic 
alternative against SARS-CoV-2. A new hypothesis has been 

proposed which speaks of ACE inhibitors like enalapril and 
captopril that may prove advantageous for patients suffering 
from SARS-CoV-2-induced-pnemunia. These inhibitors yet 
need to be clinically verified [11].

The reduction of the ACE-2 rates is of immense impor-
tance in the battle against COVID-19. Against COV-stimu-
lated lung damage, ACE-2 may elicit a protective effect by 
promoting the synthesis of vasodilator angiotensin. When 
CoV spike protein binds to the receptor ACE-2, it prompts 
a decline in ACE-2 amounts, which is more likely to cause 
lung damage [30]. As stated by Xu et al., vitamin D might 
be considered as a possible therapeutic option to alleviate 
lipopolysaccharide-provoked severe lung injury through 
regulating the angiotensin-renin mechanism [31]. Hence, 
it could be proposed that vitamin D can restrict the CoV 
spread by inhibiting the receptor ACE-2. Also, the infusion 
of ACE-2 has been recommended to inhibit the contact of 
CoV with non-infected cells and regenerate ACE-2 in the 
infected cells [30].

Angiotensin 1 receptor (AT1R) inhibitor

A neoteric supposition claimed that inhibitors for angio-
tensin 1 receptor (AT1R) may be effective for patients 
diagnosed with COVID-19, suffering pneumonia. It has 
been shown that coronavirus’s spike protein attachment to 
ACE-2 receptor, the cellular site for its binding, contributes 
to ACE-2 being downregulated. As an upshot of this effect, 
increased formation of angiotensin by the associated enzyme 
ACE results, although small amount of ACE-2 can change 
it to the vasodilator angiotensin 1–7 heptapeptide. Its influ-
ence leads to lung damage because angiotensin-stimulated 
AT1R provokes decreased pulmonary vascular permeabil-
ity, facilitating enhanced lung pathology. Thus, elevated 
ACE-2 expression which is followed by chronically medi-
ated SARS-CoV-2 in affected patients with AT1R blockers 
prevents severe lung damage in them instead of placing them 
at a greater risk of infection [32].

The two complementing processes can help explain 
the aforementioned phenomenon: disabling immoder-
ate angiotensin-conciliated AT1R activity that has been 
fueled via virus infection, which is coupled with ACE-2 
upregulation, subsequently decreasing ACE-produced 
angiotensin and enhancing the vasodilator angiotensin 1–7 
development. The interim proposition to use antagonists 
of AT1R like telmisartan and losartan as SARS-CoV-2 
drugs to treat patients subsequent to the severe respiratory 
syndrome onset stands as a possibility till it is tested [32].
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Complement system inhibitors

In a new preprint research, it has been documented that 
biopsy samples of lung tissue taken from severely affected 
COVID-19 patients manifested that there is an extensive 
activation of complement system which is distinguished 
by C3-fragment removal and C3a formation. In addition 
to it, levels of C5a were also elevated in these patients’ 
sera. This activation of complement system is coupled 
with acute respiratory distress syndrome (ARDS) patho-
physiology as its activation might lead to maladjusted 
inflammatory reactions, hence exacerbating the disease. 
In order to repulse complement activation, inhibitors of C3 
can be deployed, in particular, AMY-101. Its effectiveness 
is under inspection in COVID-19 patients. The inhibition 
of C3 can concomitantly impede C5a and C3a synthesis, 
thus improving injury in lungs. Also, C5 inhibitor can be 
exploited as a therapeutic agent against extensive comple-
ment activation [33].

Viral protein and host cell protease inhibitors, 
ribozyme, anti‑sense RNA and siRNA approach

Therapeutic approaches that may be tested and employed 
for COVID-19 comprise inhibitors targeting particular 
enzymes engaged in viral transcription and replication, 
helicase or vital protease inhibitors, inhibitors for host cell 
protease and endocytosis, ribozyme, anti-sense RNA and 
siRNA [34].

Humanized nano‑bodies and human antibodies

For producing humanized-nanobodies such as sdAb (sin-
gle-domain antibodies) and VH/VHH or purely human 
antibodies like Hu-scFvs (human single-chain antibodies), 
technology is present that can help these antibodies or nano-
bodies cross through the virus-infected cell’s membrane. In 
addition to it, they can attach or intervene with the biologi-
cal activity of viral proteins that are being replicated. As a 
result, they can contribute to impeding the viral replication 
[35]. It is, therefore, possible to design human antibodies 
or humanized nano-bodies against intracellular CoV pro-
teins namely cysteine-like protease (3CLpro), papain-like 
protease (PLpro), or other non-structural proteins (nsps) 
which are instrumental for transcription and replication of 
the coronavirus. When aimed at CoV-infected subjects, these 
antibodies or nano-bodies can provide non-immunogenic, 
safe yet highly efficient passive immunization [13].

Drugs

There are a number of anti-CoV candidates, mainly pre-
clinical compounds that still need to be analyzed as potential 
COVID-19 drugs. A few of them have reached phase III 
clinical trials such as ritonavir, cobicistat, lopinavir, daru-
navir, remdesivir, HIV protease inhibitor (ASC09F) and 
oseltamivir [36]. Already available SARS-CoV or MERS 
inhibitors may be checked for effectiveness [13].

SARS‑CoV RdRp‑based drugs

The SARS-CoV-2 sequence of RNA-dependent RNA poly-
merase (RdRp) has displayed 96 percent similarity to the 
SARS-CoV RdRp sequence. It is a crucial discovery because 
drugs formulated for SARS-CoV RdRp may exhibit efficacy 
close to RdRp of SARS-CoV-2 [13, 37].

Repositioned drugs, traditional Chinese medicine 
and other therapeutics

When coupled with ribavirin, the two inhibitors of protease 
namely ritonavir and lopinavir had shown positive clinical 
results in SARS patients, implying their therapeutic poten-
tial [38]. A controlled trial of interferon-α 2b treatment and 
ritonavir-boosted lopinavir for hospitalized patients has been 
reported in China as a preliminary endeavor to test such 
repositioned drugs for COVID-19 [39]. Moreover, inhibitors 
of RNA synthesis like Tenofovir (TDF) and Lamivudine 
(3TC), abidol, neuraminidase inhibitors, anti-inflammatory 
medicines, peptide (EK1), traditional Chinese drugs such as 
Shufeng Jiedu and Lianhua qingwen capsules maybe become 
potential options for COVID-19 treatment [40].

Antiviral drug

It has been reported that carmofur, an antineoplastic medi-
cine which generally treats colorectal cancer, can act as an 
inhibitor of main protease of SARS-CoV-2, therefore, having 
the potential to be added to the list of novel antiviral drugs. 
The virus main protease’s crystal structure bound with car-
mofur, obtained by X-ray crystallography, has unveiled that 
this coupled molecule has the ability to directly alter cata-
lytic Cys145 of main protease of SARS-CoV-2. This modi-
fication in protease can be achieved by carmofur’s carbonyl 
group binding covalently to Cys145. Hence, carmofur can 
play a major role in hindering replication of SARS-CoV-2 
[41].

Endovenous mesenchymal stem cell (MSC) infusion

Dr. Zhao and his fellow workers’ research revealed that 
endovenous mesenchymal stem cell (MSC) infusion can 
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minimize excessive immune system activation and pro-
mote recovery by regulating the lungs’ microenvironment, 
surprisingly in older patients, following the infection by 
SARS-CoV-2. Endovenous MSCs injection usually tends 
to concentrate these stem cells in the lungs where several 
paracrine factors are secreted [42, 43]. These factors are 
likely to have played a crucial part in revitalizing or pro-
tecting epithelial alveolar cells, enhancing lung function 
and mitigating fibrosis. Infusion of MSC will probably 
be advantageous for elderly people, with both and with-
out co-morbidity, who have been afflicted with SARS-
CoV-2, since this demographic becomes more vulner-
able to SARS-CoV-2-caused pneumonia, thus leading to 
immunosenescene-induced death and serious respiratory 
failure [43–47].

Improved activity following MSC infusions in various 
conditions of the disease has primarily been imputed to 
immunomodulatory impacts, since these cells secrete a 
number of paracrine factors that interfere with immune 
cells, causing immunomodulation. In COVID-19 patients, 
the processes fundamental to the ameliorations follow-
ing MSC infusion also turned out to be the strong anti-
inflammatory action of MSCs [43]. These mechanisms 
were apparent from various favorable outcomes, including 
a decrease in C-reactive protein, a rise in the number of 
peripheral lymphocytes, and a reduction in over activated 
cytokine secreting immune cells such as CXCR3 + NK 
cells, CXCR3 + CD8 + T cells and CXCR3 + CD4 + T 
cells. When observed in circulating blood, this outcome 
manifested within 3–6 days [43, 48].

Shield immunity

For newly arising SARS-CoV-2 infections, public health 
sector has employed two strategies for controlling its spread: 
suppression and mitigation [49]. Both approaches concen-
trate on curtailing recent infections via restricting interac-
tions between humans. A strategy which has been proposed 
to reduce COVID-19 spread speaks of a model of epide-
miological intervention that requires serological testing to 
pinpoint individuals who have recovered from SARS-CoV-2 
infection, possessing antibodies against this virus. Through 
interaction substitution, the recuperated subjects can play a 
pivotal role in facilitating and maintaining un harmful inter-
actions, hence aiding introduction of ‘shield immunity’ at 
the level of community. Its aim is to increase the number of 
interactions of recuperated subjects with infected and vul-
nerable subjects, essentially, exchanging interactions with 
vulnerable and infected subjects for interaction with conva-
lesce subjects, supposing that convalesce subjects are able 
to interact safely with both the subjects. This approach can 
potentially curb the transmission of COVID-19 [50].

Monoclonal antibodies

hACE2‑SARS‑CoV‑2‑RBD interaction blocking monoclonal 
antibodies

By isolating memory B cells from COVID-19 recovered 
patients, with B cells being specific to RBD of SARS-
CoV-2, two blocking, human mAbs have been cloned suc-
cessfully. Both the mAbs could particularly attach to RBD 
of SARS-CoV-2, hence obstructing the contact between 
receptor hACE2 and RBD of SARS-CoV-2 and effectuating 
‘neutralizing effect’ on protein S of SARS-CoV-2 pseudo-
typed viral infection. These human mAbs, with capacity to 
block hACE2-SARS-CoV-2-RBD interaction, are reported 
for the first time, holding massive potential to be included in 
the list of therapeutic options against SARS-CoV-2 ongoing 
pandemic [51].

IL‑6R blocking monoclonal antibody

When epithelial alveolar cells get infected with SARS-
CoV-2, this virus provokes either the innate and adaptive 
immune system, inducing massive cytokine release or pro-
moting cytokine release syndrome (CRS) with IL-6 being 
the key cytokine. IL-6 can bind to IL-6 receptor which exists 
in both transmembrane and soluble form, thus initiating 
intracellular signaling cascade such as JAK/STAT pathway 
[52]. As observed in SARS patients, inflammatory cytokine, 
IL-6, is produced in excessive quantities by macrophages 
and plasmocytoid dendritic cells. Because IL-6 triggers 
the severity of the disease, its extensive signaling can pave 
way towards multiple effects that leads to the damage of 
the organ. The effects include reduction in contractility of 
myocardium, vascular endothelial growth factor (VEGF) 
expression observed in epithelial cells, maturation of effec-
tor T cells from naïve T cells and an increase in permeabil-
ity of vessel [53] which causes the alveoli to be filled with 
blood cells and fluid, hence kindling dyspnea. The human-
ized recombinant monoclonal antibody namely Tocilizumab, 
antagonist of IL-6R, can attach to both the forms of IL-6R, 
inhibiting the intracellular signaling pathway that leads to 
CRS. So, Tocilizumab can help dampen CRS caused by 
SARS-CoV-2 in severely affected patients [52]. Its clinical 
trials are ongoing to analyze the merits of IL-6R antagonist, 
Tocilizumab [1].

CD94/NK group 2 member A (NKG2A) blocking monoclonal 
antibody

In severe COVID-19 patients, populations of CD8 + T and 
natural killer (NK) cells are reported to be lower when 
compared with those having mild infection. These immune 
cells are mostly associated with antiviral response to 
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SARS-CoV-2. But the SARS-CoV-2 infection elicits func-
tionally exhausted NK and CD8 + T cells in which recep-
tor CD94/NK group 2 member A (NKG2A) expression has 
been surged [54]. Hence, NKG2A expression can prompt 
weakened antiviral superintendence as hypothesized by the 
researchers. Because of inhibitory activity of NKG2A, it 
quells the immune cells’ cytotoxic functionality, thus fos-
tering the spread of viral infection. Due to scant NKG2A 
expression in neutrophils whereas increased in lymphocytes 
(NK and CD8 + T cells), NKG2A restricts the proliferation 
of lymphocytes but does not affect that of neutrophil’s, thus 
disrupting the normal ratio of neutrophil to lymphocyte. 
Additionally, inflated IL-10 and IL-6 release as observed in 
COVID-19 patients can aggravate the disproportionality of 
immune cells with NKG2A expression being up-regulated, 
ensuing NKG2A’s inhibitory activity on the lymphocyte 
population. To counter this, monoclonal antibody against 
NKG2A namely monalizumab is presently being experi-
mented in clinical trials [55]. Table 1 summarizes the key 
probable strategies against COVID-19.

Future prospects

There is a mutual consent that the abiding resolution for 
infections caused by viruses is an efficacious vaccine. Prob-
ability is present that approaches exceeding one in number 
might be auspicious, few approaches may suit to a particu-
lar class of patients and the evolution of virus nature may 
impede efforts poured in for development of vaccine. Moreo-
ver, possibility stands that lasting immunization may not 
entirely develop in few people. RNAi therapy can act as 
a substitute when an unintended vaccination consequence 
arises [3].

For RNAi-provoked silencing, few of the accessory pro-
teins (such as non-structural protein 15 (nsp15) that displays 
anti-apoptotic role through inhibition of apoptosis induced 
by MAVS [3, 56]; ORF-3a, ORF-4a that might play a role 
of ion channel which might trigger release of virus [3, 57] 
and ORF-9b that is involved in manipulation of mitochon-
dria which resists responses of IFN [3, 58]) encoded by 
SARS-CoV can function as targets. The significance of the 
aforementioned potential targets still needs to be probed. In 
the epithelium of air passage, miR-1246 (non-coding micro-
RNA) has been lately related to ACE-2 expression modu-
lation. A few miRs are projected to attach to the genome 
of SARS-CoV-2. These miRs might behave as targets for 
RNAi. They could be directly employed (whether as anti-
miRs or mimics of miR), or indirectly in consequence to 
pharmacological entity regulation [3].

Recently, a strategy based on CRISPR-Cas13d system 
namely PAC-MAN (prophylactic antiviral CRISPR in 
human cells) has been developed that has the potential to 

degrade highly conserved RNA sequences of SARS-CoV-2 
in an effective manner. In this approach, crRNAs (CRISPR-
associated RNAs) are employed by Cas13d system. This 
system can be directed to specified molecules of RNA by 
crRNA spacer sequence (a configurable 22 nucleotide long 
sequence) for degradation of selected RNA [59].

In order to target viral conserved parts and identify func-
tioning crRNAs that target SARS-CoV-2, crRNAs were 
developed and examined. Its bioinformatic scan revealed 
that greater than ninety percent of entire family of corona-
viruses can be targeted by a set comprising six crRNAs only. 
PAC-MAN bears the ability to act as a significant inhibi-
tion tool for all coronaviruses as soon as effective and safe 
delivery method for respiratory system develops. Before 
PAC-MAN could be clinically tested in trials for potentially 
treating COVID-19, numerous mandatory measures need to 
be taken, for instance authenticating crRNAs selectivity and 
efficacy for hampering alive SARS-CoV-2 from infecting 
cells of respiratory system [59].

Conclusions

In this mini-review, we outlined the approaches that can 
potentially curb the spread of deadly COVID-19. In a battle 
against time where SARS-CoV-2 outbreak has played havoc 
with human lives, different research teams from all around 
the globe are immersed in finding the ultimate solution for 
COVID-19 pandemic by developing various vaccines with 
a major focus on spike protein of SARS-CoV-2, repurposing 
already approved drugs, employing inhibitors such as enal-
april and captopril for human receptor ACE-2 which aids 
SARS-CoV-2 entry into the cell and utilizing humanized 
nano-bodies and human antibodies that intervene with the 
biological activity of viral proteins e.g. 3CLpro, PLpro and 
Nsps which ultimately impede viral replication.

The efficacy of probable vaccine or drug candidates 
against COVID-19 is presently being analyzed in the clinical 
trials. Even with all these endeavors being put into practice, 
there is currently no authorized vaccine or drug available 
for combatting against this fatal disease, though a few of 
the vaccines and antiviral agents have manifested positive 
results in the clinical trials, indicating that an approved 
COVID-19 therapy might be available soon. The already 
performed COVID-19 researches might unveil potential 
therapeutics against forthcoming pandemics as its merits and 
demerits will already be assessed in the clinical trials set 
against COVID-19. This will help bring forth a therapeutic 
candidate capable of eliciting positive response in a timely 
manner, well before the pandemic encapsulates the humans 
in a disastrous matrix of death.
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Table 1  Probable strategies against COVID-19

No. Probable strategy against COVID-19 Mechanism of action of potential strategy References

1 DNA vaccine (INO-4800) Stimulates T cell activation by introducing plasmid DNA 
which displays the spike of SARS-CoV-2

[2]

2 Hyleukin-7 Technology-based COVID-19 Immune reactions are improved by combining interleukin-7 
(IL-7) to hy-Fc, hybridizing IgG4 and IgD where unexposed 
junction area of IgG4 helps reduce detrimental immuno-
genicity

[2]

3 Recombinant subunit vaccine An indigenous trimeric viral spike to which the presence of 
antigen-specific neutralizing antibodies was validated

[2]

4 Protein subunit vaccine A molecular clamp secures a surface protein, enhancing the 
identification of an appropriate antigen which results in bet-
ter immune responses

[2]

5 Inactivated SARS-CoV-2 vaccine Containing an entire particle of virus that is inactivated 
chemically with the addition of immune system booster 
termed as alum into this vaccine

[8]

6 Viral vector-based vaccine -Adenovirus type 5 vector vaccine 
(Ad5- nCoV)

Contained in this vaccine is an adenovirus 5 present in non-
replicating form which plays the role of a vector in order to 
transfer the SARS-CoV-2 spike protein’s gene

[8, 9]

7 ACE-2 inhibitor Enalapril and captopril may inhibit SARS-CoV-2 entry in 
patients suffering from SARS-CoV-2-induced-pnemunia

[11]

8 Protein S-centered vaccines Protein S-centered vaccines based on S1-RBD or complete-
length protein S would produce antibodies that inhibit viral 
receptor’s attachment and its genome’s uncoating event

[12–14]

9 Epitope-based vaccine Epitopes of CTL (cytotoxic T lymphocytes) can attach to 
peptide-binding grooves of MHC class I, implying their 
ability to generate immune responses

[13]

10 Humanized nano-bodies and human antibodies Attach to or intervene with the biological activity of viral 
proteins e.g. 3CLpro (cysteine-like protease), PLpro 
(papain-like protease) and Nsps (non-structural proteins) 
that are being replicated, hence impeding viral replication 
and transcription

[13, 35]

11 Epitope-based vaccine E protein’s possible B cell epitopes and Nucleocapsid (N) 
protein of MERS-CoV can elicit neutralizing antibody reac-
tions and responses of T-cell

[17, 18]

12 Live-attenuated vaccine Deploying reverse genetic techniques to disable the non-
structural protein 14 exonuclease consequences or remove 
the SARS envelope protein

[19]

13 Antigen-based vaccine RBD-FP fusion protein has been developed that has shown to 
produce a large titer of antibodies in mice

[20]

14 Live-attenuated vaccine Codon deoptimization process on virus is carried out 
or employed to produce a live-attenuated SARS-CoV-2 
vaccine

[20, 21]

15 mRNA vaccine
(mRNA-1273)

LNP-enclosed protein S mRNA gets delivered into cytoplasm 
where protein S translation occurs, thus triggering cellular 
and humoral immune reactions

[20, 24]

16 Plant-based chimeric protein and subunit vaccines Using plants to generate complete-length viral surface pro-
teins found in the envelope area, chimeric proteins or subu-
nit vaccines and monoclonal antibodies against ACE2 at a 
faster pace

[22]

17 Antigen-based vaccine M-protein transmembrane domain comprises a T-cell epitope 
cluster capable of inducing a potent cellular immune 
response

[28]

18 Intravenous immunoglobulin
(IVIG) infusion therapy

From sera of convalescent individuals with the viral infection, 
IVIG could be derived from which IgG could be obtained, 
transmitting normal innate immune system to compromised 
individuals

[29]



9947Molecular Biology Reports (2020) 47:9939–9949 

1 3

Acknowledgements The authors are grateful to the National University 
of Sciences and Technology (NUST), not only for funding but also pro-
viding the lab facility for the timely completion of this research project.

Author contributions ZS helped in writing the manuscript; TA con-
ceived the idea, helped in designing the study and SK edited the 
manuscript.

Funding We are grateful to Higher Education Commission and 
National University of Sciences and Technology, Islamabad for pro-
viding funds and laboratory facilities for carrying out all research work.

Compliance with ethical standards 

Conflict of interest It is declared that there is no conflict of interest as 
all authors contributed equally.

Research involving human and animal rights No human testing has 
been involved.

References

 1 Merad M, Martin JC (2020) Pathological inflammation in patients 
with COVID-19: a key role for monocytes and macrophages. Nat 
Rev Immunol. https ://doi.org/10.1038/s4157 7-020-0331-4

 2 Ahn D-G, Shin H-J, Kim M-H et al (2020) Current status of epi-
demiology, diagnosis, therapeutics, and vaccines for novel 
coronavirus disease 2019 (COVID-19). J Microbiol Biotechnol 
30:313–324. https ://doi.org/10.4014/jmb.2003.03011 

 3 Uludağ H, Parent K, Aliabadi HM, Haddadi A (2020) Prospects for 
RNAi therapy of COVID-19. Front Bioeng Biotechnol 8:1–15. 
https ://doi.org/10.3389/fbioe .2020.00916 

 4. Esakandari H, Nabi-Afjadi M, Fakkari-Afjadi J et al (2020) A 
comprehensive review of COVID-19 characteristics. Biol Pro-
ced Online 22:1–10. https ://doi.org/10.1186/s1257 5-020-00128 
-2

 5. World Health Organization (2020) Coronavirus Disease 
(COVID-19) Weekly Operational Update. https ://www.who.
int/docs/defau lt-sourc e/coron aviru se/situa tion-repor ts/20200 
928-weekl y-epi-updat e.pdf?sfvrs n=9e354 665_6. Accessed 3 
Oct 2020

 6 Gordon DE, Jang GM, Bouhaddou M et al (2020) A SARS-CoV-2 
protein interaction map reveals targets for drug repurposing. 

Table 1  (continued)

No. Probable strategy against COVID-19 Mechanism of action of potential strategy References

19 Vitamin D Vitamin D might restrict the CoV spread by inhibiting the 
receptor ACE-2 through regulation of angiotensin-renin 
mechanism which might alleviate lipopolysaccharide-pro-
voked severe lung injury

[30, 31]

20 Angiotensin 1 receptor (AT1R) inhibitor Using antagonists of AT1R like telmisartan and losartan to 
disable immoderate angiotensin-conciliated AT1R activity 
that has been fueled via virus infection

[32]

21 Complement system inhibitors For repulsing complement activation, inhibitors of C3 can be 
deployed which can concomitantly impede C5a and C3a 
synthesis, thus improving injury in lungs

[33]

22 Carmofur
Antiviral drug

SARS-CoV-2 main protease when bound with carmofur has 
the ability to directly alter catalytic Cys145 of main protease 
of SARS-CoV-2, thus inhibiting its main protease and 
hindering its replication

[41]

23 Endovenous mesenchymal stem cell (MSC) infusion MSC infusion can minimize excessive immune system activa-
tion and promote recovery by regulating the lungs microen-
vironment

[42, 43]

24 Shield immunity Through interaction substitution, the recuperated subjects who 
possess antibodies should interact with infected and vulner-
able subjects, aiding to introduce ‘shield immunity’ at the 
level of community

[50]

25 hACE2-SARS-CoV-2-RBD interaction blocking monoclonal 
antibody

Two blocking, human mAbs have been cloned which could 
attach to RBD of SARS-CoV-2, hence obstructing the con-
tact between receptor hACE2 and RBD of SARS-CoV-2

[51]

26 IL-6R blocking monoclonal antibody Tocilizumab, antagonist of IL-6R, can attach to transmem-
brane and soluble forms of IL-6R, inhibiting the intracel-
lular signaling pathway that leads to CRS (Cytokine Release 
Syndrome) which is caused by SARS-CoV-2 in severely 
affected patients

[52]

27 CD94/NK group 2 member A (NKG2A) blocking monoclonal 
antibody

To counter inhibitory activity of NKG2A which quells the 
immune cell’s cytotoxic functionality, monoclonal antibody 
against NKG2A namely monalizumab is being experi-
mented

[55]

https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.4014/jmb.2003.03011
https://doi.org/10.3389/fbioe.2020.00916
https://doi.org/10.1186/s12575-020-00128-2
https://doi.org/10.1186/s12575-020-00128-2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6


9948 Molecular Biology Reports (2020) 47:9939–9949

1 3

Nature 583(7816):459–468. https ://doi.org/10.1038/s4158 
6-020-2286-9

 7 Callaway E (2020) The race for coronavirus vaccines: a graphical 
guide. Nature 580:576–577

 8. Cohen J (2020) Vaccine designers take first shots at COVID-19. 
Science 368:14–17. https ://doi.org/10.1126/scien ce.368.6486.14

 9. Thanh Le T, Andreadakis Z, Kumar A et al (2020) The COVID-19 
vaccine development landscape. Nat Rev Drug Discov 19:305–
306. https ://doi.org/10.1038/d4157 3-020-00073 -5

 10. Kang MC, Park HW, Choi DH et al (2017) Plasmacytoid dendritic 
cells contribute to the protective immunity induced by intranasal 
treatment with fc-fused interleukin-7 against lethal influenza virus 
infection. Immune Netw 17:343–351. https ://doi.org/10.4110/
in.2017.17.5.343

 11 Zhou H, Fang Y, Xu T et al (2020) Potential therapeutic targets 
and promising drugs for combating SARS-CoV-2. Br J Pharmacol 
177(14):3147–3161. https ://doi.org/10.1111/bph.15092 

 12 Shibo Jiang Y, He and SL, (2005) SARS vaccine development. 
Emerg Infect Dis 11(7):1016–1020. https ://doi.org/10.1017/
CBO97 81107 41532 4.004

 13. Dhama K, Sharun K, Tiwari R et al (2020) COVID-19, an emerg-
ing coronavirus infection: advances and prospects in designing 
and developing vaccines, immunotherapeutics, and therapeutics. 
Hum Vaccines Immunother 00:1–7. https ://doi.org/10.1080/21645 
515.2020.17352 27

 14 Du L, He Y, Zhou Y et al (2009) The spike protein of SARS-
CoV—a target for vaccine and therapeutic development. Nat Rev 
Microbiol 7:226–236. https ://doi.org/10.1038/nrmic ro209 0

 15 Panhotra BR, Bahrani A, Joshi CS, ul Hassan Z (2005) Occult 
hepatitis B virus infection among anti-HBc positive blood donors: 
necessitates substitution of screening by HBV NAT. J Infect 
51:263. https ://doi.org/10.1016/j.jinf.2005.07.023

 16 Zhang L, Liu Y (2020) Potential interventions for novel coronavi-
rus in China: a systematic review. J Med Virol 92:479–490. https 
://doi.org/10.1002/jmv.25707 

 17 Shi J, Zhang J, Li S et al (2015) Epitope-based vaccine target 
screening against highly pathogenic MERS-CoV: an in silico 
approach applied to emerging infectious diseases. PLoS ONE 
10:1–16. https ://doi.org/10.1371/journ al.pone.01444 75

 18 Xie Q, He X, Yang F et al (2018) Analysis of the genome sequence 
and prediction of B-Cell epitopes of the envelope protein of mid-
dle east respiratory syndrome-coronavirus. IEEE/ACM Trans 
Comput Biol Bioinform 15:1344–1350. https ://doi.org/10.1109/
TCBB.2017.27025 88

 19 Graham RL, Donaldson EF, Baric RS (2013) A decade after 
SARS: strategies for controlling emerging coronaviruses. Nat Rev 
Microbiol 11:836–848. https ://doi.org/10.1038/nrmic ro314 3

 20 Zhang J, Zeng H, Gu J et al (2020) Progress and prospects on vac-
cine development against SARS-CoV-2. Vaccines 8:153. https ://
doi.org/10.3390/VACCI NES80 20153 

 21 Saha RP, Sharma AR, Singh MK et  al (2020) Repurposing 
drugs, ongoing vaccine, and new therapeutic development initia-
tives against COVID-19. Front Pharmacol 11:1–33. https ://doi.
org/10.3389/fphar .2020.01258 

 22 Shanmugaraj B, Malla A, Phoolcharoen W (2020) Emergence of 
novel coronavirus 2019-nCoV: need for rapid vaccine and biolog-
ics development. Pathogens 9:1–10. https ://doi.org/10.3390/patho 
gens9 02014 8

 23. Jahanafrooz Z, Baradaran B, Mosafer J, Hashemzaei M, Rezaei 
T, Mokhtarzadeh AHM (2019) Comparison of DNA and 
mRNA vaccines against cancer. Drug Discov Today. https ://doi.
org/10.1016/j.drudi s.2019.12.003

 24. Wang F, Kream RM, Stefano GB (2020) An evidence based per-
spective on mRNA-SARScov-2 vaccine development. Med Sci 
Monit 26:1–8. https ://doi.org/10.12659 /MSM.92470 0

 25 Alsaadi EAJ, Neuman BW, Jones IM (2019) A fusion peptide in 
the spike protein of MERS coronavirus. Viruses 11(9):825. https 
://doi.org/10.3390/v1109 0825

 26. Neuman BW, Kiss G, Kunding AH et al (2010) A structural analy-
sis of M protein in coronavirus assembly and morphology. J Struct 
Biol 174:11–22. https ://doi.org/10.1016/j.jsb.2010.11.021

 27 Pang H, Liu Y, Han X et al (2004) Protective humoral responses to 
severe acute respiratory syndrome-associated coronavirus: impli-
cations for the design of an effective protein-based vaccine. J Gen 
Virol 85(Pt 10):3109–3113. https ://doi.org/10.1099/vir.0.80111 -0

 28 Liu J, Sun Y, Qi J et al (2010) The Membrane protein of severe 
acute respiratory syndrome coronavirus acts as a dominant immu-
nogen revealed by a clustering region of novel functionally and 
structurally defined cytotoxic T-lymphocyte epitopes. J Infect Dis 
202:1171–1180. https ://doi.org/10.1086/65631 5

 29 Shoenfeld Y (2020) Corona (COVID-19) time musings: our 
involvement in COVID-19 pathogenesis, diagnosis, treatment and 
vaccine planning. Autoimmun Rev. https ://doi.org/10.1016/j.autre 
v.2020.10253 8

 30. Hasan A, Paray BA, Hussain A et al (2020) A review on the cleav-
age priming of the spike protein on coronavirus by angiotensin-
converting enzyme-2 and furin. J Biomol Struct Dyn 0:1–13. https 
://doi.org/10.1080/07391 102.2020.17542 93

 31. Xu J, Yang J, Chen J et al (2017) Vitamin D alleviates lipopoly-
saccharide-induced acute lung injury via regulation of the renin-
angiotensin system. Mol Med Rep 16:7432–7438. https ://doi.
org/10.3892/mmr.2017.7546

 32 Gurwitz D (2020) Angiotensin receptor blockers as tentative 
SARS-CoV-2 therapeutics. Drug Dev Res 81(5):537–540. https 
://doi.org/10.1002/ddr.21656 

 33 Risitano AM, Mastellos DC, Huber-Lang M et al (2020) Comple-
ment as a target in COVID-19? Nat Rev Immunol 20(6):343–344. 
https ://doi.org/10.1038/s4157 7-020-0320-7

 34 Kumar V, Jung YS, Liang PH (2013) Anti-SARS coronavirus 
agents: a patent review (2008–present). Expert Opin Ther Pat 
23:1337–1348. https ://doi.org/10.1517/13543 776.2013.82315 9

 35 Seesuay W, Jittavisutthikul S, Sae-Lim N et al (2018) Human 
transbodies that interfere with the functions of Ebola virus 
VP35 protein in genome replication and transcription and innate 
immune antagonism article. Emerg Microbes Infect 7(1):41. https 
://doi.org/10.1038/s4142 6-018-0031-3

 36. Li G, De Clercq E (2020) Therapeutic options for the 2019 novel 
coronavirus (2019-nCoV). Nat Rev Drug Discov 19:149–150. 
https ://doi.org/10.1038/d4157 3-020-00016 -0

 37 Morse JS, Lalonde T, Xu S, Liu WR (2020) Learning from the 
past: possible urgent prevention and treatment options for severe 
acute respiratory infections caused by 2019-nCoV. ChemBio-
Chem 21:730–738. https ://doi.org/10.1002/cbic.20200 0047

 38 Chu CM, Cheng VCC, Hung IFN et al (2004) Role of lopinavir/
ritonavir in the treatment of SARS: initial virological and clini-
cal findings. Thorax 59:252–256. https ://doi.org/10.1136/thora 
x.2003.01265 8

 39. Wang C, Horby PW, Hayden FG, Gao GF (2020) A novel coro-
navirus outbreak of global health concern. Lancet 395:470–473. 
https ://doi.org/10.1016/S0140 -6736(20)30185 -9

 40 Lu H (2020) Drug treatment options for the 2019-new coronavirus 
(2019-nCoV). Biosci Trends 14:69–71. https ://doi.org/10.1002/
jmv.25678 .4

 41. Jin Z, Zhao Y, Sun Y et al (2020) Structural basis for the inhibition 
of SARS-CoV-2 main protease by antineoplastic drug Carmofur. 
Nat Struct Mol Biol. https ://doi.org/10.1038/s4159 4-020-0440-6

 42 Lee RH, Pulin AA, Seo MJ et al (2009) Intravenous hMSCs 
Improve myocardial infarction in mice because cells embo-
lized in lung are activated to secrete the anti-inflammatory 

https://doi.org/10.1038/s41586-020-2286-9
https://doi.org/10.1038/s41586-020-2286-9
https://doi.org/10.1126/science.368.6486.14
https://doi.org/10.1038/d41573-020-00073-5
https://doi.org/10.4110/in.2017.17.5.343
https://doi.org/10.4110/in.2017.17.5.343
https://doi.org/10.1111/bph.15092
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1080/21645515.2020.1735227
https://doi.org/10.1080/21645515.2020.1735227
https://doi.org/10.1038/nrmicro2090
https://doi.org/10.1016/j.jinf.2005.07.023
https://doi.org/10.1002/jmv.25707
https://doi.org/10.1002/jmv.25707
https://doi.org/10.1371/journal.pone.0144475
https://doi.org/10.1109/TCBB.2017.2702588
https://doi.org/10.1109/TCBB.2017.2702588
https://doi.org/10.1038/nrmicro3143
https://doi.org/10.3390/VACCINES8020153
https://doi.org/10.3390/VACCINES8020153
https://doi.org/10.3389/fphar.2020.01258
https://doi.org/10.3389/fphar.2020.01258
https://doi.org/10.3390/pathogens9020148
https://doi.org/10.3390/pathogens9020148
https://doi.org/10.1016/j.drudis.2019.12.003
https://doi.org/10.1016/j.drudis.2019.12.003
https://doi.org/10.12659/MSM.924700
https://doi.org/10.3390/v11090825
https://doi.org/10.3390/v11090825
https://doi.org/10.1016/j.jsb.2010.11.021
https://doi.org/10.1099/vir.0.80111-0
https://doi.org/10.1086/656315
https://doi.org/10.1016/j.autrev.2020.102538
https://doi.org/10.1016/j.autrev.2020.102538
https://doi.org/10.1080/07391102.2020.1754293
https://doi.org/10.1080/07391102.2020.1754293
https://doi.org/10.3892/mmr.2017.7546
https://doi.org/10.3892/mmr.2017.7546
https://doi.org/10.1002/ddr.21656
https://doi.org/10.1002/ddr.21656
https://doi.org/10.1038/s41577-020-0320-7
https://doi.org/10.1517/13543776.2013.823159
https://doi.org/10.1038/s41426-018-0031-3
https://doi.org/10.1038/s41426-018-0031-3
https://doi.org/10.1038/d41573-020-00016-0
https://doi.org/10.1002/cbic.202000047
https://doi.org/10.1136/thorax.2003.012658
https://doi.org/10.1136/thorax.2003.012658
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1002/jmv.25678.4
https://doi.org/10.1002/jmv.25678.4
https://doi.org/10.1038/s41594-020-0440-6


9949Molecular Biology Reports (2020) 47:9939–9949 

1 3

protein TSG-6. Cell Stem Cell 5:54–63. https ://doi.org/10.1016/j.
stem.2009.05.003

 43 Shetty AK (2020) Mesenchymal stem cell infusion shows prom-
ise for combating coronavirus (COVID-19)- induced pneumonia. 
Aging Dis 11:462. https ://doi.org/10.14336 /ad.2020.0301

 44 Shetty AK, Upadhya R, Madhu LN, Kodali M (2019) Novel 
insights on systemic and brain aging, stroke, amyotrophic lateral 
sclerosis, and Alzheimer’s disease. Aging Dis 10:470–482. https 
://doi.org/10.14336 /AD.2019.0330

 45 Shetty AK, Kodali M, Upadhya R, Madhu LN (2018) Emerg-
ing anti-aging strategies—scientific basis and efficacy. Aging Dis 
9:1165–1184. https ://doi.org/10.14336 /AD.2018.1026

 46 Thomas R, Wang W, Su D (2020) Contributions of age-related 
thymic involution to immunosenescence and inflammaging. 
Immun Ageing. https ://doi.org/10.1186/s1297 9-020-0173-8

 47 Oh S, Lee JK, Shin OS (2019) Aging and the immune system: the 
impact of immunosenescence on viral infection, immunity and 
vaccine immunogenicity. Immune Netw. https ://doi.org/10.4110/
in.2019.19.e37

 48 Leng Z, Zhu R, Hou W et al (2020) Transplantation of ACE2—
mesenchymal stem cells improves the outcome of patients with 
COVID-19 pneumonia. Aging Dis 11:216–228. https ://doi.
org/10.14336 /AD.2020.0228

 49. Neil M, Ferguson, Daniel Laydon GN-G et al (2020) Report 9: 
Impact of non-pharmaceutical interventions (NPIs) to reduce 
COVID-19 mortality and healthcare demand. https ://www.imper 
ial.ac.uk/media /imper ial-colle ge/medic ine/sph/ide/gida-fello 
wship s/Imper ial-Colle ge-COVID 19-NPI-model ling-16-03-2020.
pdf. Accessed 14 May 2020

 50. Weitz JS, Beckett SJ, Coenen AR et al (2020) Modeling shield 
immunity to reduce COVID-19 epidemic spread. Nat Med. https 
://doi.org/10.1038/s4159 1-020-0895-3

 51. Chen X, Li R, Pan Z et al (2020) Human monoclonal antibodies 
block the binding of SARS-CoV-2 spike protein to angiotensin 
converting enzyme 2 receptor. Cell Mol Immunol. https ://doi.
org/10.1038/s4142 3-020-0426-7

 52. Chi Zhang MD, Zhao Wu PhD, Jia-Wen Li MD, Hong Zhao PhD 
G-QWM (2020) The cytokine release syndrome (CRS) of severe 
COVID-19 and Interleukin-6 receptor (IL-6R) antagonist Tocili-
zumab may be the key to reduce the mortality. Int J Antimicrob 
Agents. https ://doi.org/10.1016/j.ijant imica g.2020.10595 4

 53 Liu B, Li M, Zhou Z et al (2020) Can we use interleukin-6 (IL-
6) blockade for coronavirus disease 2019 (COVID-19)-induced 
cytokine release syndrome (CRS)? J Autoimmun 6:102452. https 
://doi.org/10.1016/j.jaut.2020.10245 2

 54 Zheng M, Gao Y, Wang G et al (2020) Functional exhaustion of 
antiviral lymphocytes in COVID-19 patients. Cell Mol Immunol. 
https ://doi.org/10.1038/s4142 3-020-0402-2

 55 Antonioli L, Fornai M (2020) NKG2A and COVID-19: another 
brick in the wall. Cell Mol Immunol. https ://doi.org/10.1038/
s4142 3-020-0450-7

 56 Lei Y, Moore CB, Liesman RM et al (2009) MAVS-mediated 
apoptosis and its inhibition by viral proteins. PLoS ONE. https ://
doi.org/10.1371/journ al.pone.00054 66

 57. Zhang R, Wang K, Lv W et al (2014) The ORF4a protein of 
human coronavirus 229E functions as a viroporin that regulates 
viral production. Biochim Biophys Acta - Biomembr 1838:1088–
1095. https ://doi.org/10.1016/j.bbame m.2013.07.025

 58 Shi C, Qi H, Boularan C et al (2014) SARS-coronavirus open 
reading frame-9b suppresses innate immunity by targeting mito-
chondria and the MAVS/TRAF3/TRAF6 signalosome. J Immunol. 
https ://doi.org/10.4049/jimmu nol.13031 96

 59. Abbott TR, Dhamdhere G, Liu Y et  al (2020) Development 
of CRISPR as an antiviral strategy to combat SARS-CoV-2 
and influenza. Cell 181:865–876. https ://doi.org/10.1016/j.
cell.2020.04.020

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.stem.2009.05.003
https://doi.org/10.1016/j.stem.2009.05.003
https://doi.org/10.14336/ad.2020.0301
https://doi.org/10.14336/AD.2019.0330
https://doi.org/10.14336/AD.2019.0330
https://doi.org/10.14336/AD.2018.1026
https://doi.org/10.1186/s12979-020-0173-8
https://doi.org/10.4110/in.2019.19.e37
https://doi.org/10.4110/in.2019.19.e37
https://doi.org/10.14336/AD.2020.0228
https://doi.org/10.14336/AD.2020.0228
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf
https://doi.org/10.1038/s41591-020-0895-3
https://doi.org/10.1038/s41591-020-0895-3
https://doi.org/10.1038/s41423-020-0426-7
https://doi.org/10.1038/s41423-020-0426-7
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1038/s41423-020-0402-2
https://doi.org/10.1038/s41423-020-0450-7
https://doi.org/10.1038/s41423-020-0450-7
https://doi.org/10.1371/journal.pone.0005466
https://doi.org/10.1371/journal.pone.0005466
https://doi.org/10.1016/j.bbamem.2013.07.025
https://doi.org/10.4049/jimmunol.1303196
https://doi.org/10.1016/j.cell.2020.04.020
https://doi.org/10.1016/j.cell.2020.04.020

	Potential approaches to combat COVID-19: a mini-review
	Abstract
	Introduction
	Probable strategies
	COVID-19 vaccines
	Weakened virus, non-replicating viral vector and protein-based vaccines
	DNA and viral vector-based vaccines
	COVID-19 vaccine incorporating Hyleukin-7 technology
	Recombinant subunit vaccine
	Protein S-centered vaccines
	Avian IBV vaccine
	Epitope-based vaccine
	Live-attenuated virus vaccine
	Plant-based chimeric protein and subunit vaccines
	mRNA vaccine
	Antigen-based vaccine
	Intravenous immunoglobulin (IVIG) infusion therapy
	ACE-2 inhibitor
	Angiotensin 1 receptor (AT1R) inhibitor
	Complement system inhibitors
	Viral protein and host cell protease inhibitors, ribozyme, anti-sense RNA and siRNA approach
	Humanized nano-bodies and human antibodies
	Drugs
	SARS-CoV RdRp-based drugs
	Repositioned drugs, traditional Chinese medicine and other therapeutics
	Antiviral drug
	Endovenous mesenchymal stem cell (MSC) infusion
	Shield immunity
	Monoclonal antibodies
	hACE2-SARS-CoV-2-RBD interaction blocking monoclonal antibodies
	IL-6R blocking monoclonal antibody
	CD94NK group 2 member A (NKG2A) blocking monoclonal antibody

	Future prospects

	Conclusions
	Acknowledgements 
	References




