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ABSTRACT
  

The Corona virus disease 2019 (COVID-19) has discovered its underlying foundations from Wuhan (China). Coronavirus 
is brought about by a novel COVID SARS-CoV2, recently named as 2019-nCoV. Coronavirus has spread across the globe 
and pronounced as pandemic by World Health Organization (WHO) 0n the 11th March, 2020 as of now, there is no standard 
medication or vaccine accessible for the treatment, so repurposing of existing medication is the solitary arrangement. vaccine 
are the arrangements given to patients to summon invulnerable reactions prompting the creation of antibodies (humoral) 
or cell-interceded reactions that will battle irresistible specialists or non-irresistible conditions, for example, malignancies. 
Disturbing safety profile of live vaccines, weak immunogenicity of sub-unit vaccines and immunization, failure due to poor 
patient compliance to booster doses which should potentiate prime doses are rarestoutexplanations, which required the progress 
of novelgroup of preventive and therapeutic vaccines to encourage effective vaccination. Endeavors are being made to convey 
immunizations through transporters as they control the spatial and worldly introduction of antigens to invulnerable framework 
consequently prompting their supported delivery and focusing on. Henceforth, lower dosages of frail immunogens can be 
successfully coordinated to invigorate safe reactions and kill the requirement for the organization of prime and supporter 
portions as a section vaccine regimen. Novel Drug Delivery System (NDDS) will be soon for resting of medications. The 
part of different NDDS in resting of existing medications for treatment of different viral disease, and their importance in 
COVID-19 has talked about in this paper. It focuses on the currently ongoing research in the implementation and clinical trials 
on vaccine in the usage of NDDS in COVID-19. In addition, it portrays the part of Liposomes, Virosomes and DNA based 
vaccine drug delivery advancement for COVID-19. 
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INTRODUCTION 

Covid -19

On December 31,2019, The CHINA Health Authority 
alerted the World Health   Organization (WHO) to severe 
case of pneumonia of unknown aetiology in Wuhan city 
in Hubei Province in central china.The cases had been 
accounted for since December 8, 2019, and numerous 
patients worked at or lived around the neighborhood 
Huanan Seafood Wholesale Market albeit other early 
cases had no openness to this market.This pathogen 
was later renamed as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) by the coronavirus study 
group.The illness was named Covid sickness 2019 
(COVID-19) by the WHO. As of January 30, 7736 
confirmed and 12,167 suspected cases has been reported 
in China and 82 confirmed cases had been detected in 18 
other countries. In the exact day, WHO proclaimed the 
SARS-CoV-2 episode as a Public Health Emergency of 
International Concern (PHEIC).

Severe Acute Respiratory Syndrome Coronavirus 2

SARS-CoV-2 is a novel contamination disease. An 

individual from SARS-CoV-2 a family coronaviridae 
and request Nidovirales. The family comprise of two 
subfamilies, coronavirinae and Torovirinae. SARS-
Cov-2 which is an or more abandoned RNA infection 
with an around 30-kb long genome encoding replicase 
quality items and underlying protein containing spike (S), 
envelop (E), membrane (M), nucleocapsid(N). Up to this 
point, the viral genome has been sequenced
(Harapan,2020)

Vaccine Drug Delivery System 

Conveyance of antigen from oil-based adjuvant, for 
example, Freunds] adjuvant led to a decrease in the quantity 
of dose of antibody to be regulated yet to harmfulness 
concern like enlistment of granulomas at the infusion site, 
such adjuvant is not generally utilized. FDA endorsed 
adjuvant for human utilized are aluminium hydroxide 
and aluminum phosphate as alum. Subsequently, look 
for more secure and powerful adjuvants brought about 
the detailing of into conveyance framework that control 
antigen in particulate structure instead of arrangement 
structure.
(Elgert,2009)
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Different reasons driving the improvement of 
immunization as controlled medication conveyance 
framework are as per the following: 

1. Immunization disappointment with show inoculation 
routine including prime portion and supporter portion, as 
patients disregard the letter 

Vaccine conveyance framework then again: 

1. Allows for the consolidation of portion of antigen with 
the goal that supporter portion is not

2. Control the spatial and tempol introduction of antigens 
to the resistant framework there by elevating their focusing 
on directly to the safe cells. 

Vaccine drug delivery system can be classified as 
follows:

A] Solid Particulates

B] Novel antibody conveyance framework 

A] Solid Particulates:

Strong particulates framework, for example, microspheres 
and lipospheres are being abused for antibody conveyance 
dependent on the way that digestive tract is a defective 
obstruction to little particulates. Antigens captured in such 
particulates when taken up by M-cells can invulnerability. 
Strategies, for example, light microscopy, confocal 
microscopy, electron microscopy, extraction of polymer 
from tissue followed by evaluation by gel saturation 
chromatography, stream cytometry demonstrated that 
miniature particulates of <10 micron in measurement can 
enter gut related lymphoid tissue (GALT) inside 1 h of oral 
organization and can be utilized as antigen transporter for 
controlled delivery antibody applications.
(Carino,1999)

Molecule size is a significant thought while defining 
microparticulate framework as it impacts their take-
up and discharge and subsequently insusceptible 
reaction. (<10 micron) microspheres because of their 
huge surface to mass proportion, are equipped for 
encouraging extracellular conveyance of antigen to the 
phagocytic accessor cells prompting quicker delivery and 
expanded antigen handling. Bigger particles couldn’t be 
phagocytosed by macrophages until they have broken 
down into more modest flotsam and jetsam. A mix of 
bigger and more modest molecule may create a pulsatile 
for antigen discharge hence emulating an inoculation cycle 
including prime and promoter shots.(Oyewumi,2010)

B] Novel Drug Delivery System:

1 Liposomal delivery system

2 Virosomal delivery system

3 DNA vaccine delivery system

4 Polymeric nanoparticles delivery system

5 Micellar delivery system

6 Dendrimers based delivery system

7 Edible vaccine delivery system

8 Immunostimulatory complex (ISCOMS)

B.1 Liposomal Drug Delivery System 

Liposomes and their subsidiaries “ lipoplexes” are hallow 
round develops phospholipid bilayers equipped for 
catch hydrophilic moieties in the fluid compartment and 
hydrophobic moieties in the lipid bilayers with cholesterol 
bestowing inflexibility to the bilayer. Nonetheless, 
lipoplexes will in general collect during because of 
balance of positive charge on liposome by negative 
charge on DNA. This downside is overwhelmed by 
defining liposomes/protamine/DNA (LPD). Protamine is 
an arginine rich peptide. It consolidates with DNA before 
DNA can complex with positive lipid there by counselling 
security to the readiness. 

Infections, protein, glycoproteins, nucleic corrosive, 
starches, lipid can be captured and focused at cell and 
subcellular level for summoning invulnerable reactions. 
[Table 2]

Oral liposomes embodied with recombinant H. pylori heat 
stun protein 60 (rHsp60) immunization was readied and 
their movement against H. pylori contamination in mice 
was explored. Result with rHsp60 in addition to Cholera 
Toxin, liposome-exemplified rHsp60, liposome typified 
rHsp60 Cholera Toxin demonstrated 73.3%, 66.7% and 
86.7%, separately, insusceptible reactions against H. 
pylori disease. Liposomal immunization dependent on 
viral layer proteins (virosomes) have been endorsed as 
product in Europe for hepatitis An and influenza.
(Sijun,2009)

Efficacy and Safety of Liposomal Lactoferrin in 
COVID-19 patient with Minor-to-ModerateVirus and 
in COVID 19 Asymptomatic Patient 

Covid-19 is viewed as a progressing worldwide medical 
issue which previously caused 12 million affirmed cases 
no particular viable therapy has been recognized up until 
now, and accessible steady treatments are expected simply 
serious patient. Asymptomatic and mildy suggestive 
patient remain a transmission store, with conceivable 
development to the most serious sickness structure, 
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without an unmistakable therapy sign. 

Liposomal Lactoferrin (LF) is a multifunction 
glycoprotein having a place with transferrin family, 
emitted by exocrine organs and neutrophils and present 
in all human emission. The pleiotropic movement of LS 
is fundamentally founded on its four distinctive capacity 
chelate two ferric iron for every atom, communicate with 
anionic particles, enter inside core adjust iron homeostasis. 
The capacity to chelate two ferric iron for every atom is 
related to the restraint of responsive species arrangement 
just as this sequestration of iron, essential for bacterial and 
viral replication, is at the premise of its antibacterial and 
antiviral action.Their outcome uncovers than LF had the 
option to hinder the official of the spike protein to have 
cells, The current acknowledged model proposes that 
LF could impede viral passage by communicating with 
heparan sulfate proteoglycans (HSPGs), which interceded 
the vehice of extracellular infection molecule from the 
low partiality mooring locales to the high liking explicit 
section as ACE-2. 

We played out an imminent, interventional pilot study 
to evaluate the viability of liposomal lactoferrin in 
COVID-19 patients with Mild-to-direct infection and 
COVID - 19 asymptomatic patient. Optional target 
assessed the security and decency of liposomal lactoferrin 
for and intra-nasal use. (Table.1)
(Clinical Trials.gov,2020)

B.2 Virosomes Drud Delivery System 

Virosomal are little circular unilamellar liquid membranes 
vesicles (150nm) inserted with viral layer protein, for 

example, hemagglutin and neuraminidase of influenza 
virus however without of nucleocapsid including the 
hereditary substance of the cause infection. These proteins 
empower the virosome layers to intertwine consolidate 
with cells of the insusceptible framework and in this 
manner convey their substance. The particular antigens 
– straightforwardly to their objective cell,inspiring a 
particular safe reaction even with frail immunogenic 
antigens. Whenever they have conveyed the antigens, 
the virosomes are totally corrupted inside the cell. A 
viral protein intercalated into the phospholipid bilayer 
not just presents structure strength and homogeneity to 
virosomal definition, however it fundamentally adds 
to the immunological properties of virosomal, which 
are unmistakably particular from other liposomal and 
proteoliposomal transporter framework. It has been 
indicated that an actual relationship between the virosome 
and the antigen of interest is an essential for the full 
adjuvant impact of virosomes. Consequently, virosomes 
speak to vesicular framework into which antigens can be 
stacked into the virosomal surface through hydrophobic 
interactions.

Advantages of virosomal drug delivery:

1. Enable prescription transport into the cytoplasm of 
target cell 

2. Protect medications against defilement 

3. Targeted-explicit  conveyance of antigen and enhancement 
of the safe reaction 

4. Virosome permits quiet explicit modulator immunization 

NAME OF SPON-
SOR

CONDITION OR 
DESEASE

INTERVETION/TREATMENT COUNTRY PHASE

University of Rome 
Tor Vergata COVID-19 Drug: Liposomal Lactoferrin Italy

Phase 1
Phase 2

Table no.1: Current clinical trials on liposomal vaccine delivery system

Table no.2: Current research in liposomal as vaccine delivery system

Antigen Result

BSA as a model as antigen Increased IgG and sIgA after nasal administration of liposomes 
in mice.

Diphtheria, HAV, HBA Influenza Show good immunogenicity and tolerance in humans.

Hepatitis-A virus, formalin inactivated Protective antibody level in clinical trials: currently marketed 
in Europe

HIV-1 Subunit from gp-120 Induces humoral and cellular immunity after both oral and IM 
administration. 
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routine 

5. Up scaling as per standard system 

6. Release of dynamic substance in cytosol of particular 
cell 

7. Virosome can be directed by infusion or nasally. 

Disadvantages of virosomal drugdelivery:

1.  Non accessibility of information identified with persistent 
utilization of virosomes 

2. Rapid crumbling in the blood compartment is potential 
issue associated with virosomes 

3. They may instigate invulnerable reaction since they regularly 
have viral glycoprotein on a superficial level

4. Short time span of usability 

5. Poor nature of crude material.
 (Kalra,2013), (Gaurav,2014)

Virosome Immunopotentiation Mechanism:

The idea of the got safe reaction to virosome plans is 
subject to whether the epitopes of the antigen are situated 
on the outside of the virosome (PeviPROTM)[9] or inside 
the virosome (Pevi TERTM) .PeviPROtm gets a humoral 
insusceptible reaction.The antigen is degraded in endosome 
of the cell and therefore, generates predominantly an MHC 
II antigen presentation. PeviTERtm formulated antigens 
generate in vivo not only a CD4 +and CD8 + positive 
response but are also able to induce a strong cytotoxic 
T-cell response (CTL). Virosomal encapsulation ensure a 
proper presentation of the antigens through the MHC I 
pathway because the antigen is delivered in a natural way 
into the cytosol of the antigen presenting cell.
Registered vaccine against hepatitis A (Epaxal®) and 
influenza (Inflexal®) have validated the excellent 
characterization of virosomes as an adjuvant and carrier 
system. Together, these two antibodies are endorsed in 
more than 45 nations, and in excess of 10 million patients 
have been inoculated to date.
This new age of immunization offers extra advantages 
on the grounds that the antibody compelling even in 
invulnerable stifled patient and in newborn children. 
Besides, they have a high security profile as implanted 
infection don’t repeat. (Moser,2007)

Application of virosome:

1. Gene therapy

2. Cancer treatment

3. Malarial therapy

4. Immune stimulation

5. RNA/DNA Delivery- Genetic

Current used virosomal drug delivery system in 
CODIV-19:

Target delivery of CRISPR/Cas13 as a promising 
beneficialmethod to treat SARS-CoV-2 

In the worldwide measure, the outburst of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2)has 
led to wide-rangingharm to the health system as well 
as the global economy.Heretofore, there has been no 
endorsed medication or antibody for this illness. Therefor 
the use of general antiviral drug is at the first line of 
treatment, through complicated with limited effectiveness 
and systemic side effect. Given the pathophysiology of 
the disease, researchers have proposed various strategies 
not only to find a more specific therapeutic way but also 
to reduce the side effect. One strategy to accomplished 
this goal is to use CRISPR/Cas13 system.As of late, a 
gathering of researchers has utilized the CRISPR/Cas13 
framework, which is profoundly compelling to dispose 
of the genome of RNA infections.Due to RNA nature of 
the coronavirus genome, it seems that this system can 
be effective against the disease.The primary test with 
respect to the use of this framework is to convey it to the 
objective cells productively. To resolve this task, it seems 
that using virosome with protein S on their casingexternal 
can be cooperative.Studies have indicated that protein S 
collaborates with its particular receptor in objective cells 
named as angiotensin-changing over chemical 2 (ACE2). 
Here, we propose if CRISPR/Cas13 quality develop 
arrive at the tainted cells effectively utilizing a virosomal 
conveyance framework, the infection genome will be 
divided and inactivated. Considering the pathophysiology 
of the illness, a significant advance to actualize this 
speculation is to implant protein S on the layer surface 
of virosomes to encourage the conveyance of quality 
developed to the objective cell.
(Goudarzi,2020)
(Moser,2017)

B.3: DNA Vaccine Delivery System 

DNA immunization comprise of bacterial plasmid into 
which explicit arrangement are fused. Quality articulation 
is advanced by the cytomegalovirus advertiser and its 
adjuvant intron. A grouping (guarantee high record 
effectiveness) and components like a record end signal 
and a prokaryotic anti-infection obstruction quality. 

DNA embedded in the plasmid animated resistance by 
going about as a microorganism related atomic example 
(PAMP) which has high proclivity for TOLL-Like receptor 
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Molecules Development or Research Indication

Mumps F / HN DNA plasmid Research

PTH-r DNA plasmid Research

CEA and CD40L DNA plasmid Research

Plasmodium falciparum SP-F66 peptide Research

Plasmodium falciparum AMA-1 peptide Phase 1 clinical trial (PEVION)

Table no. 3: Application of virosomes of different molecules 

Table no. 4: First generation Virosomes

Table no. 5: Second generation Virosomes

Table no. 6: Marketed Product of Virosomal drug delivery 

Products          Indication   Vaccine composition

Epaxal ®   Hepatitis A adult A(H1N1) Virosome and inactivated Hepatitis 
A virus

Epaxal ® Junior Hepatis A child A (H1N1) Virosome and inactivated Hepati-
tis A virus

Invivac ® Seasonal Influenza Virosomal from 3 Influenza strains 
A(H1N1,A (H3N2)B

Disease, Target, Effector  Antigen Configuration  Administration Rout
HIV
Gp4 1
Antibody

1.Peptide membrane anchored
Intramuscular prime and intranasal 

boost

Breast cancer Her 2 / neu        Antibody 2.Peptide membrane anchored
  
Intramuscular

Sr.no.
 

                 Virosomal Preparations  Application

  A.    Virosomes antigen-based product

  1  1HepatitisAvirus enveloped proteins (EpaxalW) Hepatitis A

  2   Influenza virus (InflexalW V) Influenza

 B.   Virosomal antigen preparations under pri- clinical trials

  1  Doxorubicin Cancer

  2  Doxorubicin Ovarian carcinoma

  3  DNA-encoded TAA Prostate Carcinoma

  4  DNA- encoded mumps antigen Mumps
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(TLR). TLRs “Example acknowledgment receptor” with 
a capacity to recognize the preserved sub-atomic example 
of the DNA related with microbe. One such grouping 
that is basic in microbe’s DNA however uncommon in 
mammalian DNA is the hypomethylated CpG dinucleotide 
that chiefly tie to TLR-9. Animated of a scope of TLR-
9 Expressing cells, including B cells and dendritic cells 
(DC) prompts course of initiation, multiplication and 
separation of regular executioner cells. White blood cells 
and monocytes/macrophages. Endeavor are currently 
being made by the business to utilize manufactured CpG 
phosphorothioate oligonucleotides as adjuvants for a 
scope of various antibody. Notwithstanding, one purpose 
behind which DNA immunizations may not be viable 
for human application is that, TLR9 isn’t communicated 
by the myeloid dendritic cells yet just on plasmacytoid 
dendritic cells of the warm-blooded animals. Curiously, 
it was discovered that DNA immunization performed 
well in TLr9-/ - mice, which demonstrates that there are 
substitute pathways separated from TLR-9 incitement for 
including resistant reactions. 

A DNA combination immunization intended to enact 
resistance against B-cell Lymphoma:

Qualities encoding for variable locales (Vh, V1) of tumor 
explicit antigen (Idiotypic determinants) communicated 
by B-cell lymphoma were gathered as single chain Fv 
(scFv).But this section is pitifully immunogenic. The 
combination of 3’ position of scFv with a quality encoding 
the section C segment of lockjaw poisonous gave a DNA 
combination immunization and lead to the intensification 
of the insusceptible reaction and concealment of lymphoma 
development. Polyclonal and monoclonal enemy of Id 
antibodies indicated clinical impact however raising 
patient-explicit antibodies as basically troublesome. DNA 
immunization dodge this issue as Id determinants can be 
communicated by utilizing the variable locale qualities, 
either as entire or as single chain Fv (scFv) combined with 
an arrangement got from lockjaw poison (section C (FrC) 
to the scFv. 

DNA Vaccine Delivery Stratergies:

A. Physical technique: 

Strategies, for example, tattooning, quality firearm, 
electroporation, ultrasound, and laser give energy 
(electrical, ultrasonic, laser bar) that achieves a transient 
change in porousness of cell film in this way advancing 
the section of immunogenic DNA into the cells. The cell 
penetrability is re-established on the evacuation of the 
applied energy a little while later period.(Rice,2008)

1. Tattooning

It’s an actual strategy for infusing DNA into skin cells. 
The impact of two adjuvant, cardiotoxin and plasmid 

DNA conveying the mouse granulocytes macrophage 
state animating component (GM-CSF) when given by 
tattooing and intermuscular infusions have been resolved. 
Model antigen utilized in the investigation was quality 
encoding the capsid protein of the human papillomavirus 
type 16 (HPV 16). From the outcome, its incorporated that 
the conveyance of the HPV16 L1 DNA alone utilizing 
a tattoo gadget evoked a more grounded and quicker 
humoral and cell resistant reactions than intramuscular 
needle conveyance along with sub-atomic adjuvants.
(Pokorna,2008)

2. Gene Gun: 

Quality gum is a biolistic gadget that empower the DNA 
to straightforwardly go into the cell following siege of 
target DNA in the quality gum chamber kept against the 
objective site. 
In an examination did by Jane Mc Allister and Davis 
Proll, four gathering of mice galactosidase. 3 gatherings 
of mice got shots of 1g of DNA covered onto gold were 
inoculated with plasmid DNA containing the LacZ 
quality encoding B-through quality gum intradermally 
(II) infusion. Antigen-explicit IgG titres were discovered 
to be higher in mice getting intradermal immunization 
than IM inoculated mice. From this it is presumed that 
quality weapon vaccination is more powerful over IM 
infusion as DNA from previous is straightforwardly shot 
in to the objective cells while DNA from the last should 
enter the cell before protein (antigen) union. Therefore, 
however the portion of DNA controlled through quality 
firearm is just 1/100% of the portion infused microcarriers 
intramuscularly, a more noteworthy corresponding of the 
regulated DNA is utilized for antigen amalgamation.
(McAllister,2004)

3. Electroporation

This strategy includes utilization of electrical heartbeats 
to the skin along these lines making pores transient pores 
in the skin advancing the passage of DNA into the cell. On 
expulsion of electrical energy, skin recapture its structure 
holding the captured immunogenic specialist because of 
conclusion of pores. 

Chron Vac-C, a remedial DNA immunization provides 
for patients previously contaminated with the infection 
all together clear the disease by boosting safe reaction, 
indicated acknowledged securely when conveyed by 
electroporation in stage I/II clinical investigation at 
Karolinska University Hospital. This clinical examination 
was done at the Infection Disease Clinical and Center for 
Gastroenterology at the Karolinska University Hospital 
in Sweden. This was among the main contamination 
illness DNA antibody to be conveyed in people utilizing 
electroporation – based DNA conveyance. 

Also, DNA immunization conveyance by electroporation 
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is being examined in numerous malignant growths, for 
example, prostate disease, metastatic melanoma and is 
under clinical preliminaries. 

4. Ultrasound 

In this ultrasonic is utilized to upset the cell film 
incidentally. In a stage II investigation, rehashed intranodal 
infusion of adenovirus CD 154 (Ad-ISF35) are being 
given by ultrasound, in subject with constant lymphocytic 
leukemia/little lymphocytic lymphoma. Ultrasound and 
laser are arising strategies for the conveyance of DNA 
immunization. 

Viral and non-viral strategies for DNA immunization 
conveyance: 

Viral vector, for example, retrovirus, adeno infection, herpes 
simplex infection, immunization infection is proficient 
in DNA move due to their nanoscale measurements, 
all around portrayed surface properties permitting the 
joining of immunogenic part (e.g.,Virosomes). Yet, 
disadvantages, for example, restricted DNA conveying 
limit, harmfulness, immunogenicity, the chance of 
insertional in host DNA significant expense warrants their 
utilization.Non-viral transporter association microsphere, 
nanospheres, liposomes as talked about in the above 
part find likely application as transporters for DNA 
immunization.(Bolhassani,2011)

Immunogenicity of a DNA immunization contender 
for COVID-19

The COVID relative, SARS-CoV-2 has been distinguished 
as the causal specialist for the pandemic viral pneumonia 
infection, COVID19. Right now, no immunization is 
accessible to control further dispersal of the sickness. 
We have recently designed and engineered DNA 
`immunization focusing on the MERS COVID-19 Spike 
(s) protein, the significant surface antigen of COVID, 
which is as of now in clinical investigation. Here we 
expand on this related knowledge to create a combination 
DNA-based antibody up-and-comer focusing on SARS-
CoV-19 protein. The designed build, INO-4800, bring 
about vigorous articulation of the S protein in vitro. 
Following inoculation of mice and guinea pigs with 
INO-4800 we measure antigen-explicit T cell reactions, 
practical antibodies which kill the SARS-CoV-2 disease 
and square spike protein official to the ACE2 receptor, and 
biodistribution of SARS-CoV-2 focusing on antibodies to 
the lungs. This primer dataset INO-4800 as a potential 
COVID-19 antibody up-and-comer, supporting further 
translational examination
(Smith,2020)

B.4 Polymeric Nanoparticle Delivery System 

Polymeric nanoparticles in light of their size are specially 

taken up the mucosa related lymphoid tissue. They 
are widely surveyed for nasal and oral conveyance of 
antibodies. Restricted dosages of antigen are adequate 
to instigate powerful inoculation. Consequently, the 
utilization of nanoparticles for oral conveyance of antigen 
is reasonable as a result of their capacity to deliver 
proteins and to shield them from enzymatic debasement 
in the GIT. 

Biodegradable PACA nanoparticles have been appeared to 
improve the secretory invulnerable reaction after their oral 
organization in relationship with ovalbumin in rodents. 
PMMA nanoparticles being gradually degradable (30%-
40% every year) seem, by all accounts, to be especially 
reasonable for antibody reason in light of the fact that 
drawn out contact among antigen and immunocompetent 
cells favors tireless insusceptibility. Nanoparticles 
named with Mab explicit to M-Cells increment the 
degree of retention of nanoparticulate immunization and 
subsequently resistant reaction. 
(De Jaeghere,1999)

Metal chelating polymer, for example, polyaminocarboxylic 
acids, for example, EDTA (ethylenediamine tetra-acidic 
corrosive), DTPA (diethylenetriamine - pentaacetic 
corrosive) structure non-covalent[23] complex with 
antigenic epitopes and are helpful in their controlled 
conveyance in vivo. The exitance of in any event one 
Histidine build-up at the amino-or carboxyl-end of a 
biologic particle (for example protein, peptidic, antigen, 
or combination develop with His tag) is a significant 
factor adding to official of the polymer as it brings about 
improved explicitness of authoritative of the biologic 
atoms to the metal particle in the metal fondness complex.  
(Turnell,2009)

A successful  prophylactic mucosal quality articulation 
antibody (GXV) is made up in any event four diverse 
plasmid DNAs encoding comparing RSV antigen, 
coacervated with chitosan to planned nanospheres. At the 
point when given by intranasal course in a murine model 
of RSV contamination, nanospheres came about is critical 
acceptance of RSV-explicit antibodies, and nasal IgA 
antibodies, cytotoxic T lymphocytes, and IFN-gamma 
creation in the lung and splenocytes bringing about the 
decrease of viral titres. Other nanocarrier type that have 
been utilized as multivalent antibody builds incorporate 
metallic oxide particles, polysaccharide-based spermine, 
alginate cases (which are characteristic polymer) and 
manufactured biocompatible and biodegradable poly (D, 
L-Lactide-co-glycolide) copolymer.
(Mohapatra,2003)

B.5 Micellar Delivery System

Micellar have been will explored as potential antigen 
transporters. Micellar are self-collected bunches of 
amphiphilic surfactant atoms. Surfactant above basic 
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AIM COVID -19 VAC-
CINE DEVELOPER

COUNTRY TREATMENT TYPE OF 
CANDIDATE 

VACCINE

PHASE

Safety,
tolerability,
Immunogenicity of 
INO-4800 in Healthy 
volunteers. 

(Clinical trial Gov.
https://clinicaltri-
als.gov/ct2/show/
NCT04447781)

Inovio
Pharmaceuticals

/International Vaccine 
Institute

American Drug: INO-4800
Device:

CELLECTRA ®
2000

DNA plasmid 
vaccine with 

electroporation
Phase1
Phase2

Study  of COVID-19 
DNA Vaccine (AG0302-
COVID-19 )

(Clinical Trial Gov 
https://clinicaltri-
als.gov/ct2/show/
NCT04463472)

AnGes, Inc / Takara 
Bio / Osaka Univer-

sity

Japan
Biological: AG0302-

COVID-19
DNA plasmid 

vaccine + Adju-
vant

Phase 1
Phase 2

Novelcorona virus-
2019-nCov vaccine by 
Intradermal route in 
healthy subject

(Clinical trial gov,http://
ctri.nic.in/Clinicaltrials/
pdf_generate.php?trial-
id=45306&EncHid=&-
modid=&com-
pid=%27,%-
2745306det%27)

Cadila
Healthcare

India
ZyCov-D

DNA Plasmid 
vaccine

Phase1 
Phase 2

Safety Immunogenic-
ity study of GX-19, a 
COVID-19 Preventive 
DNA in healthy adult

(Clinical trials gov-
https://clinicaltri-
als.gov/ct2/show/
NCT04445389)

Genexine, Inc
Hong Kong Drug: GX-19

Drug: Sline
DNA Vaccine 

(GX-19)
Phase 1
Phase 2

Evaluating the  safety, 
Tolerability and Immu-
nogenicity of bac TRL-
Spike Vaccine for Pre-
vention of COVID-19

(Clinical trials gov-
,https://clinicaltri-
als.gov/ct2/show/
NCT04334980)

Symvivo Corporation Canada
Biological: bac TRL- 

Spike
BacTRL- Spike Phase 1

 

Table no.7:  DNA Vaccine based on COVID-19 Clinical Trials
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micellar fixation situate themselves into micellar structures 
to dodge contact with incongruent external stage and can 
encase lipophilic pit or hydrophilic hole (switch micellar)
in this way advancing entanglement of antigens for them 
into the body. 

The innovation by Moyer portrayed strategies and 
framework for producing a safe viable antibody for people 
utilizing a hereditarily imperfect of the immunization. 
The immunization innovation can be conveyed as a live 
infection with the capacity to communicate viral protein 
yet incapable to accomplish total lytic infection replication, 
or be conveyed as viral antigens. Under the guaranteed 
techniques, micelles, miniature starch particles, omega-3 
unsaturated fats, and other nanoparticles and invulnerable 
potentiators are strategies for setting up the immunization 
for use.
(Moyer,2003)

Quay depicts system in which naturally dynamic specialist 
(hereditarily blemished strain of vaccinia antibody) 
and permeabilizing peptide are controlled in mix with 
at least one mucosal conveyance improving specialist, 
for example, blended micelle as transporter prompting 
expanded bioavailability and creation of resistance 
following oral organization.
(Shahiwala,2007)

Berzofsky et al., detailed a strategy in which a mucosal 
tissue of the subject is reached with a planning including 
a decontaminated solvent antigen (cytokine) and adjuvant 
like cholera poison (C.T), freak cholera poison (MLT) for 
actuating a defensive mucosal cytotoxic T-lymphocytes 
reaction in the human subject. The assimilation advancing 
specialist is chosen from a surfactant, blended micelle, 
cyclodextrin or beta-cyclodextrin subordinate. 
Definition and strategy for transmucosal conveyance 
of a useful specialist utilize a mix of a pH-responsive 
compound and a temperature-responsive compound. The 
temperature – responsive compound is an alkylene oxide 
copolymer fit for shaping micelles in watery arrangement. 
These definitions were found to have bio-glue properties 
and henceforth, are reasonable for conveying wide 
assortment of useful specialist.
( Belyakov,2000)

B.6. Dendrimer-Based Delivery System

Dendrimers are expanded, engineered polymer with 
layered structures. By consolidating the multifunctional 
polymeric material with a naturally dynamic substance 
in a fluid stacking climate, the transporter framework 
can be directed as a medication conveyance vehicle to 
a human subject. Radially layered poly (amidoamine-
organosilicon) dendrimer (PAMAMOS) are unimolecular 
micelles that comprise of hydrophilic organosilicon 
(OS) outsides. PAMAM or PPI [ poly (propyleneimine)] 
dendrimers, accessible under the brand name of “ 

Starburst “ fill in as non-viral quality exchange specialist, 
improving the transfection of DNA by endocytosis and, 
eventually, into the cell core. A transfection reagent in 
particular SuperFectTM comprising of enacted dendrimer 
is accessible for business reason. 
(Heegaard,2010)

Development byWright includes an Influenza antigen 
and dendrimer in a physiologically viable conveys. The 
utilization of the dendrimer makes it conceivable to 
adjuvant flu without delivering a harmful complex since 
in modest quantity of dendrimer go about as a powerful 
adjuvant. As result the portion of flu antigen important 
to yield a viable antigenic reaction is considerably 
diminished contrasted with portion of antigen given 
without given dendrimer. 
(Gómez,2009)

A tale approachfor the therapy of renal cell carcinomas 
utilize an illusory particle including a granulocytes 
macrophage province animating variable (GM-CSF) 
joins to a G250 kidney disease explicit antigen which 
is transfected in to the dangerous cell by the utilization 
of dendrimer, thereby giving an exceptionally viable “ 
Vaccine “ that raises an invulnerable reaction coordinated 
against renal cell malignancies. A dendritic structure 
comprising of a poly (N-isopropylacrylamide) fragment, 
a poly (L-lysine) portion and a poly (lactic corrosive) 
section or their individual subsidiaries has been unveiled. 

B.7. Edible Vaccines 

Subunit immunization contain explicit macromolecules, 
i.e., one explicit epitope from numerous presents on the 
antigen. Subunits immunization are accordingly more 
secure over traditional antibody as they dispense with 
the utilization of liver infections or microorganisms 
to invigorate insusceptibility. In any case, subunit 
immunization includes costly assembling strategies and 
are thermo labile requiring cold chain stockpiling from 
purpose of assembling until inoculation which bothers the 
costs in giving costlier offices like refrigeration to deliver 
dependability to the arrangement. 

Production of vaccine in “ plans” offers appealing and beat 
a considerable lot of the previously mentioned constraint.
 
• Plant Vaccine cut off as a reasonable mean of preparing 

and communicating protein that can be very mind 
boggling to deal with as plants require just daylight, 
water, and mineral to do the cycle. 

• Avoidance of tainting with creature microorganisms, 
improved solidness of hear labile antibody segment 
and oral conveyance of coming about immunization 
are not many of numerous points of interest acquired 
of coming about antibody are not many of numerous 
favourable circumstances got when plants are utilized 
for articulation of vaccine. 
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• Both mucosal and efficient resistant reaction can 
be delivered by the mucosal organization of a plant 
inferred.

(Schmidt,2008)

Production of edible vaccine

Palatable vaccine is delivered by incorporating quality 
cloning, tissue culture and plant change strategies. 
The initial phase in the process making a consumable 
antibody is the choice of a reasonable immunogen. 
The quality encoding the immunogen is cloned into an 
articulation vector that containing plant administrative 
grouping fit for driving quality articulation and showing 
the quality’s end. This vector is then utilized in plant data..
For example,Agrobacterium is at Plant microbe which 
during the way toward contaminating plants, moves a part 
of its DNA (t-DNA) into plants genome by a cycle like 
formation. . (Walmsley,2000).

Researchers have abused this property of agrobacterium 
to move wanted succession through into plant genome 
Plant tissue are refined and changed cells are emphatically 
chosen and created into transgenic plants. It around 
requires a month and a half to year and a half to delivered 
a transgenic plant and relies upon the kind of species. 
The declaration of the Streptococcus freak surface protein 
antigen A (SpaA) in tobacco has been shown by Curtiss 
and Cardineau subsequent to consolidating transgenic 
tobacco tissues into the eating regimen of mice.
(Dong-Ji Z,2000)

CONCLUSION 

Vaccine drug delivery systems are gaining acceptance 
these days due to the proceeds they proposal. Vaccine 
drug conveyance frameworks are presently being 
affirmed to show restraint inviting as they maintain a 
strategic distance from the need to manage supporter 
portions and give a drawn out treatment in little dosages. 
Eatable vaccines on the other arrowexposed an attractive 
boulevard for the oral delivery of vaccines. The part of 
different NDDS in resting of existing medications for 
treatment of different viral disease, and their importance 
in COVID-19. Different types of novel vaccine delivery 
system like liposomal, Virosomal, DNA based systems 
can be used for administration of COVID19 vaccines.

REFERNCES   

Bolhassani A, Safaiyan S, Rafati S.(2011) Improvement 
of different vaccine delivery systems for cancer 
therapy. Mol Cancer. [PMC Free article]. doi: 
10.1186/1476-4598-10-3, PMID 21211062, 

Belyakov IM, Ahlers JD, Clements JD, Strober W, Berzofsky 
JA.(2000) Interplay of cytokines and adjuvants in 
the regulation of mucosal and systemic HIV-specific 
CTL. J Immunol. 165(11):6454-62. doi: 10.4049/

jimmunol.165.11.6454, PMID 11086085

Carino GP. Vaccine delivery. In: Mathiowitz E, 
editor. Encyclopedia of controlled drug delivery. Vol. 
2. United States: Wiley Interscience; 1999. p. 
996.   [Google Scholar]

Clinical Trials.gov [cited on January 2021]  Efficacy and Safety 
of Liposomal Lactoferrin in COVID-19 Patients 
With Mild-to-Moderate Disease and in COVID-19 
Asymptomatic PatientsAvailable from: https://www.
clinicaltrials.gov/ct2/show/NCT04475120. 

Clinical Trials.gov, Safety, Tolarability, Immunogenicity of 
INO-4800 Followed by Electroporation in Healthy 
volunteers for COVID-19. Available form: : https://
clinicaltrials.gov/ct2/show/NCT04447781

Clinical Trials.gov, Study of covid-19 DNA Vaccine (AG0301-
COVID19). Available form: https://clinicaltrials.gov/
ct2/show/NCT04463472

Clinical Trials.gov, CTRI. Available form: http://ctri.
nic . in/Clinical t r ials /pdf_generate.php?tr ial-
id=45306&EncHid=&modid=&compid=%27,%-
2745306det%27

Clinical Trials.gov, Safety and Immunogenicity Study of GX-
19, a COVID-19 Preventive DNA Vaccine in Healthy 
Adult. Available form: https://clinicaltrials.gov/ct2/
show/NCT04445389

Clinical Trials.gov, Evaluating the Safety, Tolerability and 
Immunogenicity of bacTRL-Spike Vaccine for 
Prevention of COVID-19. Available form: https://
clinicaltrials.gov/ct2/show/NCT04334980

De Jaeghere F, Doeker E, Gurny R. (1999)Nanoparticles. In: 
Mathiowitz E, editor. Encyclopedia of controlled drug 
delivery. Vol. 2. United States: Wiley Interscience; p. 
660. 

Dong-Ji Z, Yang X, Shen C, Lu H, Murdin A, Brunham RC. 
(2000)Priming with Chlamydia trachomatis major 
outer membrane protein (MOMP) DNA followed by 
MOMP ISCOM boosting enhances protection and is 
associated with increased immunoglobulin A and Th1 
cellular immune responses. Infect Immun. (6):3074-
8. [PMC Free article]. doi: 10.1128/iai.68.6.3074-
3078.2000, PMID 10816446,

Elgert KD.(2009) Immunology: understanding the immune 
system. 2nd ed. United States: Wiley, Blackwell; p. 
629. [Google Scholar]

Gaurav B, Manisha K, (2014)Virosome VK – drug and vaccine 
delivery system. World J Pharm Pharm Sci. (10):437-
47.

Goudarzi KA, Nematollahi MH, Khanbabaei H, Nave HH, 
Mirzaei HR, Pourghadamyari H, Sahebkar A. (2020)
Targeted delivery of CRISPR/Cas13 as a promising 
therapeutic approach to treat SARS-CoV-2. Curr 
Pharm Biotechnol. oct 9;10:2174. doi: 10.2174/1389



1299

An overview of clinical trials on vaccine of Covid-19 under novel drug delivery system

201021666201009154517, PMID 33038909

Gómez E, Zoth SC, Berinstein A.(2009) Plant-based vaccines 
for potential human application: a review. Hum 
Vaccin. (11):738-44. doi: 10.4161/hv.5.11.9879, 
PMID 19829054

 Harapan H, Itoh N, Yufika A, Winardi W, Keam S, Te H, 
Megawati D, Hayati Z, Wagner AL, Mudatsir M.(2020)
Coronavirus disease 2019 (COVID-19): A literature 
review. Journal of Infection and Public Health. 
13(5):667-73. doi: 10.1016/j.jiph.2020.03.019.

Heegaard PM, Boas U, Sorensen NS.(2010) Dendrimers for 
vaccine and immunostimulatory uses. A review. 
Bioconjug Chem. 21(3):405-18. doi: 10.1021/
bc900290d, PMID 19886668

Kalra N, Dhanya V, Saini V, Jeyabalan G. Virosomes:(2013) as 
a drug delivery carrier. Am J Adv Drug Deliv.(1):29-
35.

Moser C, Amacker M, Kammer AR, Rasi S, Westerfeld 
N, Zurbriggen R.(2007) Influenza virosomes as a 
combined vaccine carrier and adjuvant system for 
prophylactic and therapeutic immunizations. Expert 
Rev Vaccines. 711-21. doi: 10.1586/14760584.6.5.711, 
PMID 17931152, 

Moser C.(2017) Influenza virosomes applied in current and 
future vaccines. Virus Like Part Vaccines. 2017:1-24.

McAllister J, Proll D.(2004) Comparison of DNA vaccine 
delivery systems: intramuscular injection versus 
gene gun administration. DSTO Platforms Sciences 
Laboratory, Australia: CBRN Defense Centre;  [cited 
Dec 27 2010]. Available from: http://www.hdl.handle.
net/1947/3727

Mohapatra SS.(2003) Mucosal gene expression vaccine: A 
novel strategy for respiratory syncytial virus. Pediatr 
Infect Dis J. );Suppl:S100-3; discussion S103. 
doi: 10.1097/01.inf.0000053894.31944.26, PMID 
12671460, 

Moyer MP.(2003) Oral smallpox vaccine production and 
methods to evaluate safety, efficacy, and potency of 
orally delivered vaccine. Google Pat. 

Oyewumi MO, Kumar A, Cui Z.(2010) Nano-microparticles 
as immune adjuvants: correlating particle sizes and 
the resultant immune responses. Expert Rev vaccines.  
1095-107. [PMC Free article]. doi: 10.1586/erv.10.89, 
PMID 20822351, 

Pokorna D, Rubio I, Müller M(2008). DNA-Vaccination 
via tattooing induces stronger humoral and cellular 
immune responses than intramuscular delivery 
supported by molecular adjuvants. Genet Vaccines 
Ther. [PMC Free article]. doi: 10.1186/1479-0556-6-
4, PMID 18257910,

Rice J, Ottensmeier CH, Stevenson FK.(2008) DNA vaccines: 
precision tools for activating effective immunity 
against cancer. Nat Rev Cancer. 108-20. doi: 10.1038/
nrc2326, PMID 18219306, 

Sijun H, Yong X.(2009) Helicobacter pylori vaccine: mucosal 
adjuvant and delivery systems. Indian J Med Res. 115-
24. PMID 19797807, [PubMed] [Google Scholar]

Smith TRF, Patel A, Ramos S, Elwood D, Zhu X, Yan J, Gary 
EN, Walker SN, Schultheis K, Purwar M, Xu Z, 
Walters J, Bhojnagarwala P, Yang M, Chokkalingam 
N, Pezzoli P, Parzych E, Reuschel EL, Doan A, Tursi 
N, Vasquez M, Choi J, Tello-Ruiz E, Maricic I, Bah 
MA, Wu Y, Amante D, Park DH, Dia Y, Ali AR, Zaidi 
FI, Generotti A, Kim KY, Herring TA, Reeder S, 
Andrade VM, Buttigieg K, Zhao G, Wu JM, Li D, Bao 
L, Liu J, Deng W, Qin C, Brown AS, Khoshnejad M, 
Wang N, Chu J, Wrapp D, McLellan JS, Muthumani 
K, Wang B, Carroll MW, Kim JJ, Boyer J, Kulp 
DW,(2020) Humeau LMPF, Weiner DB, Broderick 
KE. Immunogenicitu of a DNA vaccine candidate for 
COVID-19. Nat Commun. doi: 10.1038/s41467-020-
16505-0, PMID 32433465.

Shahiwala A, Vyas TK, Amiji MM.(2007) Nanocarriers 
for systemic and mucosal vaccine delivery. 
Recent Pat Drug Deliv Formula. 1-9. doi: 
10.2174/187221107779814140, PMID 19075870,

Schmidt G, Gadermaier G, Pertl H, Siegert M, Oksman-
Caldentey KM, Ritala A, Himly M, Obermeyer G, 
Ferreira F. Production of recombinant allergens in 
plants. Phytochem Rev. 2008;7(3):539-52. [PMC 
Free article]. doi: 10.1007/s11101-008-9099-z, PMID 
21258627,

Turnell W, Gomurashvill Z, Parcher B, Hughes J, Anderl 
J. Biodegradable metal-chelating polymers and 
vaccines. Google Patents; . Patent application number. 
201000043902010. Available from: http://www.faqs.
org/patents/app/20100004390#ixzz0y6Sf8jdT

Walmsley AM, Arntzen CJ.(2000) Plants for delivery of edible 
vaccines. Curr Opin Biotechnol. . doi: 10.1016/s0958-
1669(0)00070-7, PMID 10753769, 


