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Abstract The current Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) outbreak, the cause of
coronavirus disease (COVID-19), has influenced health
globally. So far, there are no established management
options and prophylaxis for those who have been exposed
to SARS-CoV-2, and those who develop COVID-19.
Documented scientific evidences in similar viral outbreaks
in past suggested few therapy regimens. These rather have
not shown promising results in management of current
pandemic. So, in the current review, we are exploring
novel treatment strategies and therapies that are being
explored and are in clinical and preclinical stages of
research. To explore more about the same, we directed our
search towards stem cell based, DNA based, or RNA based
vaccines against COVID-19 under development by various
universities, institutes or pharmaceutical companies. The
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current scientific literature and database search were per-
formed by exploring various Trials registry (NIH: https://
clinicaltrials.gov/ and https://www.coronavirus.gov) and
Chinese clinical trial registry http://www.chictr.org.cn/)
and for preclinical trials various University, Institutions,
Pharmaceutical companies websites and news bulletins
along with google search were checked routinely from 3rd
March 2020 to 16 May 2020. The term “Stem Cell therapy
and COVID-19”, “Mesenchymal stem cell and corona
2019 virus”, “DNA Vaccines and COVID-19, RNA Vac-
cines and COVID-19” and “Cell-based therapy with
SARS-CoV-2, University/Institutions and COVID-19
research” were used. The vaccine trials (Stem Cells/DNA/
RNA) which were cancelled were not included in this
review. Similarly, few others like repurposing of drugs,
Nano Vaccines, other miscellaneous trials of Herbs, Music
therapy etc., were also excluded. In the present review, we
have included the various novel therapies like stem cell
therapy, DNA or RNA vaccines which are under devel-
opment and if proven successful may have a lasting impact
on the health industry.

Keywords Stem cell based vaccine - DNA vaccine - RNA
vaccine - Nucleic acid based vaccines - Viral disease -
COVID-19

Introduction

Current, Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) pandemic, caused by the novel Coron-
avirus is one of the deadliest virus outbursts of a century.
COVID-19 is clinically characterized by difficulty in
breathing, fever, and low blood oxygen level.
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The chronology of COVID-19 infection starts when the
initial case series was reported in December 2019 [1]. From
18 December 2019, through December 29, 2019, five
patients were hospitalized in hospitals of Hubei Province,
China with symptoms of atypical pneumonia and acute
respiratory distress syndrome caused by unidentified
infectious agent. One of these patients succumbed to the
disease [2]. Given the rapidity of its spread and atypical
symptoms, an outbreak was suspected and contact tracing
was done which led the epidemiologists to a wholesale
market of seafood and wild animals in Wuhan District of
the province. At that point of time it was assumed to be due
to any infective agents (virus) which was later identified as
a new strain of coronavirus. This new strain was named as
2019-novel coronavirus (2019-nCoV) on 12 January 2020
by the World Health Organization (WHO). WHO officially
named the disease caused by this novel virus as Coron-
avirus Disease 2019 (COVID-19).

The current outbreak of the COVID-19 virus has caused
more than 5598 deaths in India (MoHFW, India) and more
than 1,931,076 and 6,057,853 peoples have suffered from
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) in India and worldwide respectively till 2nd June
2020 [3, 4]. So far, there is no established treatment option or
prophylaxis for those who have been exposed to SARS-CoV-
2, and those who develop COVID-19. Reviewing the docu-
mented scientific evidence of past similar viral outbreaks in
various parts of the world helped in trying few therapy reg-
imens initially but were not found effective in managing the
present pandemic perfectly given that the present virus
seems diverse in structure and characteristics [5].

Clinical presentation of the persons infected with novel
coronavirus ranges from asymptomatic subclinical infec-
tion to mild pharyngitis to severe lower respiratory tract
illness. Fever, cough, shortness of breath or difficulty
breathing, chills, repeated shivering with chills, muscle
pain, headache, and sore throat, loss of taste or smell are
the few known symptoms [4]. These symptoms may appear
2-14 days after exposure to the virus. Despite advance-
ments in science, technology and relentless research by
scientific communities all over the world, a comprehensive
and compelling management of COVID-19 is still lacking.

As the uncertainties in management of COVID-19 are
growing we started our search on what are novel strategies
being explored in management of the COVID-19 outbreak?
Thus, we have noticed a plethora of case series, clinical
trials, preclinical trials and lab researches. Aiming to know
the new modes of treatment we restricted our search only to
studies on Stem Cell Biology based and Nucleic Acid
based vaccines. Thus we explored various Trials registry
(NIH:  https://clinicaltrials.gov/ and https://www.cor
onavirus.gov) and Chinese clinical trial registry http://
www.chictr.org.cn/) and for preclinical trials various
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University, Institutions, Pharmaceutical company’s web-
sites and news bulletins portals were checked routinely
from 3rd March 2020 to 21st May 2020. The proper phrase
with Boolean operator “and” were used for searching in
scientific database, like “Stem Cell therapy and COVID-
19”, “Mesenchymal stem cell and corona 2019 virus”,
“DNA Vaccines and COVID-19”, “RNA Vaccines and
COVID-19” cell-based therapy with SARS-CoV-2, and
University/Institutions were used. The trials on above Stem
Cells and DNA/RNA vaccines which were cancelled
(ChiCTR2000030329, ChiCTR2000030300,
ChiCTR2000030224, ChiCTR2000029816, and
ChiCTR2000029812), and others like repurposing of
drugs, Nano Vaccines, Viral vectors based vaccines, other
miscellaneous trials of Herbs, Music therapy etc., were
excluded from the review list. The limitations are not so
significant as few registered clinical trials have not men-
tioned their stage of clinical trials as I, II, and III, and all
trials have variable no. of subjects. In this review, we are
discussing and exploring the novel strategies [6, 7], spe-
cially focussing on Stem Cell based therapy (with and
without immune cells), RNA, and DNA (Nucleic Acid)
based vaccine trials so far used, or in process of imple-
mentations against COVID-19 pandemic.

Key Novel Strategies During the Outbreak
of COVID-19 Viral Disease

This situation is like a new puzzle out in the open for all to
solve. Since the first reported case of COVID-19 several
anti-viral and antiparasite drugs were used but the efficacy
of all such trials are questioned statistically. Hence we
postulate and simultaneously hope for new modalities to
have potential to manage this new viral pandemic and in
our review this seems quite plausible in the near future.

Stem Cell Therapy: Significance in Viral Disease
(COVID-19)

In recent years stem cell therapy has become one of the
emerging therapeutic strategies in the treatment of many
intractable diseases including viral infections. Although the
development and progression in these cell-based therapies,
especially pluripotent stem cells, are quite slow due to
limited sources of its isolation and associated ethical con-
straints. The common cells of choice are mesenchymal
stem cells (MSCs), may be due to source prospective or
availability, a high multiplying rate, low invasive proce-
dure, and relative less of ethical constraints [8, 9].
Advantages of mesenchymal stem cell-based therapy
include (1) easy accessibility and isolation from bone
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marrow (BM, most preferred site), peripheral blood (PB)
and adipose tissues (abdominal fat, infrapatellar fat pad,
and buccal fat pad). These cells can also be isolated easily
from neonatal birth-associated tissues including placenta
(PL), umbilical cord (UC), Warton jelly (WJ), amniotic
fluid (AF), and cord blood (CB). These cells once isolated
can then be stored for future possible applications; (2) the
cells are multipotent stem cells, can self-renew by dividing
and has ability to differentiate into multiple specialized
cells; (3) MSCs can easily expand to required clinical and
scientific volume in relatively shorter time period; (4)
MSCs can be deposited for repetitive therapeutic applica-
tions; (5) clinical trials of MSCs until now have not
revealed any severe adverse body reactions to allogeneic
MSC; (6) safety of MSCs have been reported in many
clinical trials [8].

Besides the availability, storage and safety, the efficacy
of MSCs in viral diseases is also to be well explained
theoretically. It is well established that during viral infec-
tions of high replicative and virulence, the innate and
adaptive immunity defense get impaired. Orchestrated
immune players especially APCs (Antigen Presenting Cell:
Dendritic cells, Macrophages, etc.) fail to engulf, process,
and present antigens to adaptive immune players (T cells
and B cells). The above failure in innate and ultimately in
the adaptive immune system provides green signals to
proliferate viruses and aggravate their infections, conse-
quently the inflammation due to imbalance in cytokine
milieu occurs like other infective diseases and cancer etc.,
[10-13].

Studies have shown that COVID-19 triggers mounting
of aggravated cytokine storms, which is mainly projected
due to a large number of inflammatory factors-interleukins
and immune cells [13, 14]. The cytokine storm generated
ultimately impairs the APCs and adaptive immune cells.
Thus nowadays, the researchers as shown in Table 1 are in
a way to develop MSCs therapy with either natural APCs
or with artificial APCs to mount an appropriate immune
response.

As per previous studies on other viral diseases and few
also on COVID-19, it has been shown that MSCs retains
immune-regulatory potential by modifying immune
responses with the help of proliferation and function of
numerous immune cells, like, inhibiting differentiation of
monocytes into dendritic cells (DCs), changing the cyto-
kine profiles of DCs with upregulation of regulatory
cytokines and suppression of inflammatory cytokines.
MSCs are also known to induce tolerant phenotypes of
naive and effector T cells, constraining antibody produc-
tion by B cells, and suppressing NK cell proliferation and
NK  cell-mediated  cytotoxicity = [15-19].  These
immunomodulatory activities are mediated by both cell-
cell communications and secreted cytokines, including

interferon-(IFN-) v, indoleamine 2,3-dioxygenase (IDO),
transforming growth factor-(TGF-) B, interleukin (IL-) 6,
IL-10, and prostaglandin E2 [19-23]. With these suggested
advantages and in hope of successful management of this
pandemic several trials are underway on MSCs by the
United States, China, Israel, Iran, Italy, and Iraq, etc., to
combat the outbreak of COVID-19 as shown in Table 1.

In a case report of a 65-year-old female patient diag-
nosed with COVID-19, hospitalised in critical condition
had a neutrophilia (increase of 87%) and an associated
lymphocytopenia (decrease of 9.8%), was treated with
antiviral drugs such as lopinavir/ritonavir, IFN-o, and
oseltamivir but the vital signs kept on worsening. As a trial
of treatment patient was started on umbilical cord mes-
enchymal stem cells (UC-MSCs) with ol thymosin
5 x 107 cells three times each, and close monitoring of
vitals done. Serum parameters revealed that after the sec-
ond injection, serum albumin, CRP, and ALT/AST grad-
ually reduced, along with improvement in vital signs.
Thereafter, the patient was weaned off gradually from life
supporting devices. On investigations the number of total
white blood cells and neutrophils returned back to a normal
level, while the number of lymphocytes increased to their
normal level. Further assessment revealed a significant
increase in numbers of CD3+ T cell, CD4+ T cell, and
CDS8+ T cell. Radiological evidence of improvement was
noted after a third dose of cord stem cells. Ultimately the
patient was discharged from the ICU ward. This case report
strongly recommended that umbilical cord mesenchymal
stem cells alone or in combination with other immune
modulators should be explored as a treatment option for
acute COVID-19 patients [24].

Recently researchers from China (Beijing, Shanghai,
and Hubei) completed a study in which they successfully
transplanted human MSCs (Trial depicted in Table 1). The
study showed improvement in the outcome of 7 recruited
and treated patients with COVID-19 pneumonia in Beijing
YouAn Hospital, China, from Jan 23, 2020, to Feb 16,
2020. The clinical results, as well as alterations of
inflammatory expressions, immune function levels, and
adverse effects of 7 registered patients were evaluated for
14 days after MSC injection. MSCs transplant significantly
improved the symptoms and signs of all seven patients
without any adverse effects. The pulmonary function tests
of these patients were significantly better 2 days post MSC
transplantation. After the transplant, the increase in
peripheral lymphocytes counts was noticed and the C-re-
active protein (infection and inflammatory marker)
decreased. Additionally, exaggerated levels of cytokine
secreting immune cells CXCR3+4 CD4+4+ T cells,
CXCR3+ CD8+ T cells, and CXCR3 + NK cells seen
initially vanished in 3—-6 days post treatment. Further, a
group of CDI44, CDllc+, CDI1 and regulatory
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dendritic cells population was also increased. Along with
these the level of pro-inflammatory TNF-o was seen to be
decreased and anti-inflammatory IL-10 levels were
increased significantly in MSC based treated group com-
pared to the control placebo group. Thus, this very first
study of intravenous transplantation of MSCs has opened a
new vista as it was reported safe and effective for treatment
in patients with COVID-19 pneumonia [25].

Further, one more trial of MSCs in March—April 2020 is
reported by Pluristem Therapeutics Inc. (Nasdaq: PSTI)
(TASE: PSTI) HAIFA, Israel. A leading regenerative
medicine company has claimed successful treatment of
patients suffering from COVID-19 complications in the
United States. The treatment was as per the U.S. Food and
Drug Administration’s (FDA) Single Patient Expanded
Access Program, also called a compassionate use program,
which is part of the U.S. Coronavirus Treatment Acceler-
ation Program (CTAP), an emergency program for that
allows quick trials of all possible, promising and available
modalities in effective management of the pandemic.
Before treatment with PLX, the patient was reported as
critically ill with respiratory failure due to acute respiratory
distress syndrome (ARDS) and was on life support facili-
ties for 3 weeks. As per company news bulletin, PLX cells
are allogeneic mesenchymal-like cells that possess
immunomodulatory properties and are able to induce the
immune system’s natural regulatory T cells and M2 mac-
rophages and thus may check or reverse the hazardous
aggravation of the immune system. So, PLX cells may
potentially reduce the incidence and\or severity of COVID-
19 pneumonia and pneumonitis leading hopefully to a
better prognosis for the patients. Now, the company is
planning to work with the BIH Center for Regenerative
Therapy (BCRT) and the Berlin Center for Advanced
Therapies (BeCAT) at Charite’ University of Medicine
Berlin to explore PLX cell products candidates for Covid-
19.

As per the report on 8th May 2020, the company reg-
istered a Phase II trial after getting clearance from FDA
titled “A Randomized, Double-Blind, Placebo-Controlled,
Multicentre, Parallel-Group Phase II Study to Evaluate the
Efficacy and Safety of Intramuscular Injections of PLX-
PAD for the Treatment of severe COVID-19”. They pro-
posed to treat 140 adult patients that are intubated and
mechanically ventilated and are suffering from respiratory
failure and ARDS due to COVID-19. The primary efficacy
endpoint of the study is the number of ventilator-free days
during the 28 days from day 1 through day 28 of the study
[26].

The initial result of the above phase of trial was made
available on May 14, 2020 in which the company claimed
87.5% survival rate of patients who were admitted with
invasive mechanical ventilation. Out of these 75% of

patients no longer require any mechanical ventilation.
Further, 62.5% of the patients were discharged from the
hospital.

In conclusion, the above trials of MSCs-based therapy in
COVID-19 patients suggest that this is worth exploring
option for treatment of novel coronavirus or any other
similar outbreaks in the future.

Synthetic Nano Stem Cells Based Therapy

It has been reported that during viral infections including
COVID-109, the dysregulated cytokine storm with enhanced
expression of pro-inflammatory and downgraded expres-
sion of anti-inflammatory is a common phenomenon. In an
animal-based study it is documented that leukaemia inhi-
bitory factor (LIF) plays an essential role in neutralizing
the cytokine storm in the lungs during viral pneumonia
[27]. MSCs are known to release LIF, as per requirements
but the cost burden of processing and maintaining it is on a
higher side for the general patients. Answer to this comes
with the invention of “LIFNano” which is a result of
application of nanotechnology principles on generation of
synthetic stem cells that has shown a thousand times more
potency than soluble LIF [28, 29].

Although only a single finding of “LIFINano” i.e.
Nanotechnology-based synthetic stem cells against exper-
imental allergic encephalomyelitis (EAE) a preclinical
model of multiple sclerosis has been claimed, where
treatment with LIFNano reversed paralysis within 4 days, a
timeline in accord with that reported for beneficial effects
in COVID-19 pneumonia using MSC therapy. This study
has shown that LIF is particularly important for the acti-
vation of epithelial STAT3 which is required for proper
functioning of lung alveoli, and the treatment with
exogenous LIF or LIF over-expression can limit pulmonary
inflammation in response to LPS or hypoxia [29]. Thus,
LIFNano has a cutting edge technology and it could be
utilized as an alternative to cell-based therapy, to cater the
need for a high volume and off-the-shelf therapeutic
agents. Thus, this therapy may be able to rejuvenate injured
tissues and suppress the cytokine storm in atypical pneu-
monia of COVID 19 patients.

DNA/RNA Vaccines and COVID-19

In the last 3 decades, an innovative approach of vaccina-
tion has been developed, which involves the direct intro-
duction of a plasmid encompassing the DNA sequence
encoding the antigen(s) into appropriate tissues in which an
immune response is required. This method provides several
prospective benefits over conventional approaches, such as
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the stimulation of both B- and T-cell responses, enhanced
vaccine stability, the absence of any infectious entity, and
the feasibility of large-scale production.

As evidence of the principle of DNA vaccination,
immune reactions in animals have been assessed using
genes from a diverse class of infectious agents, including
influenza virus, hepatitis B virus, human immunodeficiency
virus, rabies virus, lymphocytic choriomeningitis virus,
malarial parasites, and mycoplasmas. In a few studies,
protection from disease in animals has also been achieved.
Though the worth and benefits of DNA vaccines must be
evaluated on a case-by-case basis and their relevance will
be determined by the nature of the agent being immunized
against, the nature of the antigen, and the type of immune
response required for protection.

The arena of DNA vaccination is evolving rapidly.
Vaccines presently being developed utilizes not only DNA,
but also encompasses an accessory segment that supports
DNA to enter precisely into targeted cells, or that may
work as adjuvants in exciting or directing the immune
response. The earliest DNA vaccines approved for mar-
keting are likely to use plasmid DNA derived from bac-
terial cells. There are many gene-based vaccines permitted
for use in veterinary practice for targeting canine mela-
noma (Merial), West Nile virus (Wyeth), fish hematopoi-
etic necrosis virus (Novartis), and swine growth hormone-
releasing hormone (Inovio). Now, diverse strategies are in
process to execute with RNAs as well as with complexes of
nucleic acid molecules and other entities [30].

It is recognized that the development and application of
nucleic acid vaccines are evolving rapidly. Currently,
during the COVID-19 outbreak, several DNA and RNA
vaccines trials as depicted in Tables 2 and 3 are also in
progress, few are in clinical phase I and II trials while
others are in the pre-clinical validation stage by various
institutions and pharmaceutical companies. Like initial
initiative in Feb 2020 as DNA vaccine was taken by
Applied DNA Sciences USA, subsidiary LineaRx and
Takis Biotech Italy, by establishing a joint venture to
develop a linear DNA vaccine as a treatment for coron-
avirus. The vaccine development utilizes Polymerase
Chain Reaction (PCR)-based DNA manufacturing tech-
nology to develop the vaccine.

Another clinical trial of DNA Vaccines has been initi-
ated by Inovio Pharmaceuticals, USA in collaboration with
Coalition for Epidemic Preparedness Innovations (CEPI),
Norway. The current open-label phase I trial has been
initiated in 40 participants to evaluate the safety, tolera-
bility, and immunological profile of INO-4800 adminis-
tered by intradermal (ID) injection followed by
electroporation (EP) using the CELLECTRA® 2000 device
in healthy adult volunteers.

@ Springer

Similarly, a RNA based vaccine’s phase I trial is in the
process by the National Institute of Allergy and Infectious
Diseases (NIAID) United States, registered trial as Safety
and Immunogenicity Study of 2019-nCoV Vaccine
(mRNA-1273) for Prophylaxis of SARS-CoV-2 Infection
(COVID-19) on 105 participants. Recently, Entos Phar-
maceuticals USA, is developing Fusogenix DNA vaccine
by using the Fusogenix drug delivery platform to prevent
COVID-19 infections. Fusogenix drug delivery platform is
a proteo-lipid vehicle that introduces genetic payload
directly into the cells. Entos is working on developing an
optimized payload containing multiple protein epitopes
derived from SARS-COV-2 proteins, which will stimulate
an immune response in the body to prevent COVID-19
infection. Similarly, Zydus Cadila India, declared the pre-
clinical trial to develop a vaccine for COVID-19 using two
novel approaches. The first approach includes the devel-
opment of a DNA vaccine against the viral membrane
protein of the virus, while a live attenuated recombinant
measles virus (rtMV) vectored vaccine will be developed in
the other. Further, several preclinical trials on DNA/RNA
based vaccines have been started globally by reputed
institute/University like Karolinska Institute Sweden,
Waterloo University Canada, Fudan University China,
Shanghai JiaoTong University China to pharmaceutical
company like Zydus cadila India, BioNet Asia Immunomic
Therapeutics Thai-French privately-held biotech company
etc., and many more as shown in Tables 2 and 3. These
institutions/Universities and Pharmaceutical industries are
in the process of developing suitable DNA/RNA based
vaccines against the COVID-19 virus at the earliest [31].

Conclusion

The results of these on-going clinical trials on new thera-
peutic options have brought in hope in controlling the
spread of novel coronavirus and sufferings of patients with
COVID-19. Not only this, the success of such trials may
prove the best utilization of the technological advances and
their integration with health sciences. RNA and DNA
vaccines offer us the potential for more rapid vaccine
development because synthetic RNA and DNA are easier
to construct and are relatively purified from contaminants
(improving safety) with immense potential of scaling up
the volume of production in comparison to the traditional
vaccines. As mentioned in text, the Phase I and Phase 11
clinical trials of Pluristem Therapeutics Inc. (Nasdaq:
PSTI) (TASE: PSTI) HAIFA, Israel, working on mes-
enchymal stem cells for treating COVID-19 patients has
shown higher recovery rate and less mortality paving the
way to explore this treatment strategy for the large number
of patients affected with severe forms of COVID-19 all
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Table 3 Pre-clinical trial* on DNA/RNA vaccines against Covid-19

S. Platform Candidate vaccine Developer Target Current
no. diseases stage of
clinical
evaluation
1. DNA DNA Takis Italy/Applied DNA Sciences USA/Evvivax, Czech COVID-19 Pre-clinical
Republic
2. DNA Plasmid DNA, needle-free delivery Immunomic Therapeutics Inc./EpiVax, Inc./Pharmalet, COVID-19 Pre-clinical
Inc.USA

3. DNA DNA plasmid vaccine Zydus Cadila, India COVID-19 Pre-clinical

4. DNA DNA vaccine BioNet Asia, Thai-French biotech company COVID-19 Pre-clinical

5. DNA DNA vaccine University of Waterloo COVID-19 Pre-clinical

6. RNA LNP-encapsulated mRNA cocktail Fudan University/Shanghai JiaoTong University/ COVID-19  Pre-clinical
encoding VLP RNACure Biopharma, China

7. RNA LNP-encapsulated mRNA encoding  Fudan University/Shanghai JiaoTong University/ COVID-19  Pre-clinical
RBD RNACure Biopharma, China

8. RNA Replicating defective SARS-CoV-2  Centro Nacional Biotecnologia (CNB-CSIC), Spain COVID-19  Pre-clinical
derived RNAs

9. RNA LNP-encapsulated mRNA University of Tokyo/Daiichi-Sankyo, Japan COVID-19 Pre-clinical

10. RNA Liposome-encapsulated mRNA BIOCAD, Russia COVID-19 Pre-clinical

11.  RNA mRNA China CDC/Tongji University/Stermina, China COVID-19 Pre-clinical

12.  RNA mRNA Arcturus/Duke-NUS, Singapore COVID-19  Pre-clinical

13.  RNA mRNA BioNTech Germany/Fosun Pharma China/Pfizer USA COVID-19  Pre-clinical

14. RNA siRNA Imperial College London, UK COVID-19  Pre-clinical

15. RNA mRNA Curevac, Germany COVID-19 Pre-clinical

"Data obtained from institutions/University’s website and Pharmaceutical Company’s website and https://www.who.int/blueprint/priority-dis

eases/key-action/novel-coronavirus-landscape-ncov.pdf

over the world. MSCs are well known in downgrading the
inflammation and activation of Antigen Presenting Cells,
but there is no evidence of their role in the activation of B
cells and T cells; which is well-known role of DNA and
RNA based vaccines, so both MSCs and Nucleic acid
based vaccines in a synergistic way or with immune-
engineered modification, may produce better results in
combating with this virus [32, 33]. Thus utilization of such
novel vaccines might be a better way for mitigation of the
current COVID-19 pandemic. The finding that mesenchy-
mal stem cells and DNA/RNA vaccines are safe and can
reverse severe critical disease with high potency is a key
breakthrough representing an entirely new biological
approach to treatment of such deadly viral diseases. Given
the pressing needs to keep mortality as low as possi-
ble, such treatments need to be researched and developed
promptly.

Future Prospective
Remarkably, after 3 decades of discovery of DNA vacci-

nes, and after few unsatisfactory human clinical trials of
first-generation vaccines, DNA vaccines are now

@ Springer

undergoing advancement with the introduction of more
competent designs, isolations of bio-molecules, character-
izations and better delivery technologies including elec-
troporation. Like, the past of monoclonal antibody vaccines
development programme, initially went through a highly
negative phase but now has emerged as pharmaceutical
blockbusters, this also has scalable potential over the oth-
ers. Now it is believed that DNA vaccines have passed
their darkest phase and thereby will soon be ready to
emerge as commercially viable products, most likely in the
area of antiviral vaccines. Similarly, the MSC platform has
the potential to express hundreds of peptides, thereby
generating a broad array of epitopes with precise post-
translational processing, mimicking natural infection.
Thus, by inducing immunity to a combination of epitopes
and complimentary determining regions (CDRs), it may be
possible to develop prophylactic and even therapeutic
vaccines against current pandemic disease COVID-19,
where traditional vaccination approaches have failed to
solve the puzzle. We hope that these innovative vaccine
strategies may open new vistas in the management of
COVID-19 and soon whole humanity would be free from
the current COVID-19 viral outbreak.


https://www.who.int/blueprint/priority-diseases/key-action/novel-coronavirus-landscape-ncov.pdf
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