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he world is currently in a race to create
a safe and effective vaccine to control
and reduce the spread of the Severe Acute
Respiratory Syndrome coronavirus 2
(SARS-CoV-2), the virus that causes the
COVID-19 disease. Today they are more
than 167 COVID-19 vaccine candidates in
development, approximately 138 in pre-
clinical evaluation, and 29 in human clinical
trials."* However, the vaccines engineered
employing traditional approaches such as
inactivated and live-attenuated strains of
the virus itself are associated with many
downsides, including lengthy time to
manufacture, high toxicity, and infective-
ness. Therefore, there is an urgent need to
develop new types of vaccine to address
these issues.* Nanotechnology has paved
new pathways and provided a new avenue
in vaccine development for infectious dis-
eases, such as COVID-19, at an unprec-
edented speed.>®
Nanovaccines use nanoparticles as
adjuvants or carriers of biological moi-
eties such as DNA, RNA, and recombinant
proteins to the antigen-presenting cell.® In
addition, nanovaccines can boost vaccine
effectiveness by inducing both humoral
immunity (antibody-mediated immunity)

and cell-mediated immune responses.’
Nanoparticles based on cationic lipids and
synthetic and natural polymer nanoma-
terials are being explored to enhance the
delivery of the active biological moieties
in the next generation of vaccine formula-
tions.'° These novel nanotechnologies have
enabled the next generation of vaccine can-
didates to enter into human clinical trials.

The impact of nanotechnology in the
COVID-19 crisis is seen in the design of
effective nanotech-based antiviral disinfec-
tants; the new generation of facemasks that
could kill the virus immediately; masks
that are washable, reusable, recyclable,
and self-sterilized; and rapid COVID-19
diagnostics kits.

Nucleic acid-based vaccines

Nucleic acid-based vaccines, such as DNA
plasmid and messenger RNA (mRNA)
vaccines, are among the newest vaccination
technologies currently undergoing testing
for the fight against COVID-19. DNA plas-
mid vaccines are based on genetically engi-
neered DNA plasmid containing the DNA
sequence encoding the antigen. Messenger
RNA vaccines, on the other hand, are
made up of mRNA sequence codes for
antigen proteins that are
identical to or resembling
those of the pathogen.! !

Nucleic acid vaccines have
many advantages. They are
simpler to produce and easy
to scale up to large volumes
compared to traditional
vaccines. DNA and RNA
vaccines using synthetic
processes require no culture
compared to traditional vac-
cine approaches that require
cultures or fermentation
processes, which are time-
consuming and expensive.

Nanotechnology shows promise for next-generation
vaccines in the fight against COVID-19

However, naked DNA plasmid and
mRNA-based vaccines are easily elimi-
nated by nucleases through the reticu-
loendothelial system (RES), which
makes it difficult to deliver them into
host cells in targeted tissues.'* The use
of nanoparticles as the vehicle makes
it easy to deliver plasmid DNA into the
nucleus for the production of encoded
antigens or mRNA into the cytoplasm of
the targeted host cell to tissues to build
immunity against the coronavirus.® The
produced virus-like particles can bind
to the same receptors as SARS-CoV-2,
limiting possible sites for transmission.
In addition, it can stimulate the body’s
adaptive immune system to produce neu-
tralizing antibodies and T cells against
coronaviruses.

RNA nanotech COVID-19 vaccine

RNA nanotech COVID-19 vaccine can-
didates use mRNA encoding of the full-
length spike protein of the SARS-CoV-2
to produce a strong immune response
against the coronavirus. Lipid nanopar-
ticle (LNP)-encapsulated modified
mRNA-based vaccine or mRNA-1273
(currently in a Phase 3 clinical trial) is
one of the first RNA nanotech COVID-19
vaccines to reach human trials.'* Moderna,
Inc., in partnership with the US National
Institute of Allergy and Infectious
Diseases, developed the mRNA-1273
vaccine. Both preclinical and clinical trial
studies are confirming the vaccine to be
safe and capable of building immunity
against coronaviruses. Other examples
of RNA nanotech COVID-19 vaccines
include 3LNP-mRNAs BNT162 (Phase 3,
BioNTech SE, Fosun Pharma, and
Pfizer Inc.), LNP-nCoVsaRNA (Phase
1, Imperial College London), and LNP-
CureVac - CVnCoV (Phase 2, CureVac
Inc., Germany).'?
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DNA nanotech COVID-19 vaccine

DNA nanotech COVID-19 vaccine
candidates use a small piece of bacte-
rial DNA plasmid that encode the spike
protein of SARS-CoV-2 to evoke protec-
tive immunity against the coronavirus.>!
Cationic polymeric and LNPs are used
to encapsulate plasmid DNA (which has
a negative charge) and deliver it into the
nucleus of the host cells in targeted tissues
(e.g., lung tissues), where it stimulates a
specific immune response in the body.
The INO-4800 DNA plasmid vaccine
(Phase 1/2, DNA coated-PLGA nanopar-
ticles, Inovio Pharmaceuticals, Inc. and
the International Vaccine Institute) is an
example of a DNA nanotech COVID-19
vaccine that is currently in human clini-
cal trials.” Covigenix is another DNA
nanotech vaccine example that is about
to enter Phase 1/2 human clinical trials
(a DNA vaccine employed using the
Fusogenix nanomedicine platform, Entos
Pharmaceuticals Inc.).'®

Recombinant protein nanotech
COVID-19 vaccines

Recombinant protein nanotech COVID-19
vaccine candidates are capable of the
delivery of recombinant protein through
nanoparticles to the cytoplasm of the tar-
geted host cells. NVX-CoV2373 is an
example of a recombinant protein nano-
tech vaccine to enter into human clini-
cal trials."!'” It was constructed from the
full length of the wild-type (naturally
occurring, nonmutated strain of a virus)
SARS-CoV-2 spike glycoprotein, and
the Novavax Inc. recombinant nanopar-
ticle technology was patented with adju-
vant Matrix M, a saponin-based adjuvant
matrix particle formed by formulating
purified saponin from Quillaja saponaria
Molina with cholesterol and phospho-
lipid to enhance the immune response.
Novavax recombinant nanoparticle tech-
nology generated an antigen derived
from SARS-CoV-2 spike glycoprotein,
which mediates a viral attachment to the
human angiotensin-converting enzyme 2
(hACE2) receptors of the host cells for cell
entry, which then stimulates the immune
system to produce neutralizing antibodies
or vaccines. Both preclinical and clinical
trials confirmed that NVX-CoV2373, with

or without the saponin-based Matrix-M1
adjuvant, is capable of eliciting robust
immune responses, an immunoglobu-
lin G (IgG) anti-spike protein, and high
levels of neutralizing antibodies. In addi-
tion, the neutralizing antibody responses
were found to be four times higher than
responses in convalescent serum in
patients with COVID-19 who had clini-
cally significant illness. A high level of
neutralizing antibodies confirms that the
recombinant protein nanotech vaccine may
confer protection against the SARS-CoV-2
virus. The human clinical trials also con-
firmed that NVX-CoV2373 is safe, with
mild to moderate side effects and systemic
reactogenicity.

Summary

COVID-19 is possibly a game changer
for nanotechnology. There are currently no
licensed DNA and mRNA vaccines; there-
fore, if any of the COVID-19 candidates
are successful, this might be the push nano-
technology needs for vaccine development.
DNA, mRNA, and recombinant protein
delivered into the targeted host cells to build
immunity against the coronavirus would
not have been feasible without nanopar-
ticles as a delivery vehicle. Nanoparticles
provide the solutions to address the unmet
delivery challenges associated with the
use of naked DNA plasmids or mRNA
for vaccine development. Such solutions
provide the ability to deliver DNA plas-
mids or mRNA vaccine in areas previously
unreachable. In addition, nanotechnology-
based vaccines are easy to design, synthe-
size, or scale up in larger volume compared
to the traditional vaccine approaches
(e.g., inactivated and live-attenuated
strains). Nanotechnology thus has great
potential to be a vital tool for tackling the
COVID-19 outbreak and may be a crucial
technology to prevent future infectious dis-
ease outbreaks.
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