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Abstract: Several lines of treatment for COVID-19 are being used worldwide, 
but to date, the perfect line of therapy is not available. Nanomedicines received 
success rates in past in treating various viral complications like HCV, HSV1, 
IAV, HuNoV, IBV, EBOV and HIV1, which could be a game-changer for 
COVID-19. Various manufacturing units are looking towards nanotechnology 
and evaluating different nanomedicines and vaccines for treating corona 
infection. Recently Pfizer achieved great success in developing liposome-based 
messenger ribonucleic acid vaccine called BNT162b. There are few 
nanoparticles (NPs) under clinical trials capable of neutralising SARS-CoV-2 
in outer surrounding, e.g., GDs-NPs (Gold nanoparticles), Ag-NPs (Silver 
nanoparticles), CuO-NPs (Copper oxide nanoparticles). The mutation of virus 
is challenging for treating COVID-19 and intense discovery in field of 
nanoscience and clinical manifestation of COVID-19 is required. Authors 
described the significant role of lipid nanoparticles (LNPs) in different vaccine 
formulations and their utility in nanomedicines for management of COVID-19. 
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1 Introduction 

Nanomedicines, an exceptionally incredible system having the possibility of alleviating 
the load of illness, is a nanoparticles-based carrier system now employed for 
immunisation purposes (Vu et al., 2021). It is well documented that  
nanotechnology-based devices have been viable in preclinical examinations for 
classifying microorganisms, including respiratory infections, herpes infections, human 
papillomavirus, and HIV (Kaittanis et al., 2010; Pan et al., 2021). Amid these corona 
circumstances, nanotechnology attracted the concentration of scientists to develop 
effective drug delivery systems to help out against COVID-19 (Vahedifard and 
Chakravarthy, 2021). The nanotechnology-based systems for COVID-19 treatment 
incorporate modern and improved testing devices for an expeditious, precise, and direct 
determination of the virus, creating powerful sanitisers, delivering the mRNA vaccine 
into human cells, and transportation of antiviral vehicles into the desired site 
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(Rashidzadeh et al., 2021; Weiss et al., 2020). Nanomaterials are smaller (10–100 nm) 
particulate materials, somewhat equivalent to the size of the virus. This smaller nano size 
is responsible for better penetration into the virus cell (Cavalcanti and Nogueira, 2020). 
The smaller size delivers a high surface-to-volume proportion and enhanced nanomaterial 
with excellent load-carrying moieties, improving drug transportation, targeting, and 
interaction among analyte and sensor (allowing fast and accurate virus detection) 
(Milovanovic et al., 2017; Singh et al., 2017; Ivanov et al., 2018). Due to nanoparticles’ 
special physical and compound properties, they play a crucial role in treating COVID-19 
(Dheyab et al., 2021; Chowdhury et al., 2021). 

1.1 Significance of nanoparticles for the detection of SARS-CoV-2 

Metal associated with nanoparticles is generally proposed for diagnostic purposes instead 
of the treatment of COVID-19 because of their toxicity (Vahedifard and Chakravarthy, 
2021). Researchers prepared a diagnostic kit containing the gold nanoparticles coated 
with antisense oligonucleotides; when this interacted with viral ribonucleic acid, some 
changes could visually identify the presence of the COVID-19 virus. This kit can analyse 
and recognise the quantity of COVID-19 virus without having any highly equipped  
tools and techniques (Moitra et al., 2020; Alafeef et al., 2020). Recently, a  
metal-oxide-semiconductor has been developed with a silicon-on-insulator nanowire 
detector that helps to detect COVID-19 antibodies in a short time (Wasfi et al., 2022). 
The sensor has graphene capping, which detects SARS-CoV-2 in biological samples. It 
also has a transistor that produces the field-effect towards a specific antibody in 
anticipation of COVID spike protein, PBS 100 fg/ml is used as a biological transporter 
medium that can evaluate the COVID-19 spike protein at 1 fg/ml concentration (Seo  
et al., 2020). Another later flow-based testing tool using nanoparticles is also prepared, 
where a glyconanoparticle scaffold is used to identify the COVID-19 S protein, the 
glyconanoparticle scaffold forms a bond with spike protein in place of sialic acid; 
therefore, no antibodies are required for diagnosis. That phenomenon is also used in 
detecting SARS-CoV-2 due to its cost-effectiveness and less time-consuming properties 
(Baker et al., 2020). 

1.2 Significance of nanoparticles in the treatment of Covid-19 

The nano-techniques involved in COVID-19 treatment, consisting of polymer-coated 
nanoparticles, exhibit a high mucus penetration rate (Prasher et al., 2022). Formulations 
containing biodegradable, safe, and stable nano molecules are widely used in pulmonary 
disease with fewer complications (Mangal et al., 2017). The toxic effects of treatments 
can be minimised by changing the surface of nanoparticles with the help of conjugated 
polyethylene glycol and other capping substances (Emami et al., 2019; Suk et al., 2016). 
The use of nanoparticles (NPs) has arisen as momentous in the clinical field and permits 
exact conclusions and expedient treatment of a few illnesses (Rezaei et al., 2019). Due to 
their dimensions, less noxiousness, and surface charge properties, they could be used in 
several kinds of manifestations with diverse routes of application. The SARS-CoV-2 
virus penetrates the host body by the fusion of S protein to the host cell membrane, and 
the NPS binds to the targeted cells and downregulation of S protein (He et al., 2021). 
Lipid-based nanoparticles or liposomes have great utility in nanoscience because of their 
biocompatibility and lipidic nature. Generally, liposomes are found in a globular shape 
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(Bozzuto and Molinari, 2015). They contain a hydrophilic layer enclosed in a 
phospholipid bilayer and can be administered satisfactorily through the intranasal route 
(Hong et al., 2019). The advantages and disadvantages of nanoparticles are summarised 
in Table 1. 
Table 1 Advantages and disadvantages of nanoparticles for the management of COVID-19 

Nanoparticles Advantages Disadvantages 
Cell-derived vesicles 
(Veerman et al., 2019; 
Hazrati et al., 2022; 
Snell et al., 2019) 

Low immune rejection 
Low inherent toxicity 
Low apparent risk of 
aneuploidy 

Contribution to tumour cell 
survival 
Promoting metastasis formation 
in tumour cell 

Liposomes  
(Alyane et al., 2016; 
Bozzuto and Molinari, 
2015; Leitgeb et al., 
2020) 

Improved pharmacokinetics and 
pharmacodynamics 
Enhancement of drug activity 
against pathogens 
Selective target specificity 
Reduced toxicity 

Rate of removal from the 
bloodstream 
Short shelf life due to instability 
The difficulty of sterilisation 
Low drug entrapment 

Dendrimer nanoparticles 
(Abbasi et al., 2014; Lee 
et al., 2005; Singh et al., 
2008; Chauhan, 2015; 
Tomalia et al., 2007) 

Controllable synthesis and 
degradation 
High miscibility and solubility 
High structural homogeneity 
High cell penetration 

High production cost 
The need for quality 
management improvement 
The difficulty of clinical 
application in research 

Polymer nanoparticles 
(Ahmad et al., 2014; Qi 
et al., 2019) 

Controllable synthesis and 
degradation 
High cell penetration 
High miscibility and solubility 
High structural homogeneity 

The need for quality 
management improvement 
The difficulty of clinical 
application in research 
High production cost 

Gold nanoparticles  
(Yeh et al., 2012; Bansal 
et al., 2020) 

High biocompatibility 
The convenience of synthesis 
and conjugation of various 
bioactive agents 

High cost of large-scale 
production 
Impossible biodegradation 
Nanoparticle aggregation 

Virus-like particles 
(Bundy and Swartz, 
2011; Lu et al., 2015; 
Bundy et al., 2008) 

Functionalisation of antibody 
fragment display for specific 
cell targeting 
Produced by cell-free protein 
synthesis 
Stabilisation by disulfide bonds 
Small molecule nucleic acid and 
protein loading capacity 

Extravasate from the blood 
vessel 
Low stability 
Phagocytes avoidance 

2 Antiviral drugs and their target site 

Antiviral drugs and their target site of action have been illustrated in Figure 1 and how 
SARS-CoV-2 infects the lungs and heart is illustrated in Figure 2. 
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Figure 1 Antiviral drugs and their potential target site of action in SARS-CoV-2 virus (see online 
version for colours) 

 

 

Note: Endocytosis is a process by which the SARS-CoV-2 penetrates the host cell ACE 2 
target and interacts with S protein. RTC – replication transcription complex,  
ER – endoplasmic reticulum, ERGIC – endoplasmic reticulum-Golgi intermediate 
cavity. Antiviral drugs – chloroquine (CQ), hydroxychloroquine (HCQ), 
lopinavir/ritonavir (LPV/r), and remdesivir, S protein and ACE2 interaction 
inhibitors; EK1 peptide, neutralising antibodies: 47D11. Immunotherapy  
[anti-interleukin (IL)-6 Drugs]: tocilizumab and sarilumab and convalescent 
plasma therapy: convalescent plasma (CP). 

Source: Yang (2021) 

Table 2 Nanomedicine and its mechanism of action (MOA) for the treatment of viruses 

Viruses Characteristics of 
viruses Disease Nanomedicine and their MOA 

HBV (De Clercq et al., 
2010; Woo et al., 2017; 
Kim et al., 2010) 

No subjective 
symptoms 

Hepatitis B Tenofovir (Viread)-reverse 
transcriptase inhibitor of HBV 
Interferon (INF)-α-inhibit 
HBV replication 
Adefovir (Hepsera)-blocking 
reverse transcriptase 
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Table 2 Nanomedicine and its mechanism of action (MOA) for the treatment of viruses 
(continued) 

Viruses Characteristics of 
viruses Disease Nanomedicine and their MOA 

IBV and IAV (Barik, 
2012; Levina et al., 2016; 
Hendricks et al., 2013) 

Antigenic drift 
Muscle pain 
Headache 
High fever 

Influenza STP702 (Fluquit)-RNA 
interference 

TiO2 nanoparticles-Photolytic 
inactivation of the virus 

Oseltamivir modified silver 
nanoparticles-signalling 

pathway inhibitor 
HSV2 and HSV1 
(https://starpharma.com/ 
news/story/spl7013-
shows-significant-
activity-against-sars-cov-
2-coronavirus; Hassan  
et al., 2020) 

Herpes simplex Herpes Viva Gel- blocked the 
interaction between viral spike 

protein and the human cell 
proteins 

Acyclovir loaded 
nanoparticles-enhance drug 

distribution 
EBOV (Dunning et al., 
2016) 

A lethal viral 
hemorrhagic fever 

Ebola 
hemorrhagic 

fever 

TKM-130803-RNA 
interference 

HIV2 and H1V2 (Pereira 
de Oliveira et al., 2005; 
Rodriguez et al., 2013; 
Orkin et al., 2019; Price 
et al., 2011) 

Targeting  
CD4-positive  

T-cells to attack 
the immune 

system resulting 
in AIDS 

AIDS Indinavir nano  
capsules-enhancing drug 

distribution 
Doravirine (MK-1439)- 
non-nucleoside reverse 
transcriptase inhibitors 
Viva gel-blocking the 

interaction 
SARS-Cov-2 (Lammers 
et al., 2020) 

Breathing 
difficulty 

Cough and fever 

COVID-19 Nano-formulating 
dexamethasone-anti-oedema 

activity and anti-fibrotic 
effects 

3 Nanotechnology in vaccine formulation 

Several types of vaccines have been formulated for combating COVID-19, based on the 
phenomenon of non-technological sciences. Some of the vaccines are described in brief 
below. 
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Figure 2 SARS-CoV 2 caused infection and injury in the lungs and heart (see online version  
for colours) 

 

 

3.1 Subunit vaccines 

Nano vaccines have been formulated with the help of nanocarriers and delivered the 
attenuated antigens to the host body. Nano vaccines have the potential to target both the 
innate (neutrophils, macrophages and monocytes) and adaptive (B cells and T cells) types 
of the body’s defence system. Nanoparticles (NPs) are an inseparable adjuvant that can 
deliver antibodies into the host system (Zhang et al., 2020; Pati et al., 2018). Moderna 
and Pfizer-BioNTech developed mRNA-based vaccines for the SARS-CoV-2, which 
contained cationic lipid nanoparticles (LNPs) and were not affected by the RNase 
enzymes and could be injected through a different route of administration. Subunit 
vaccines have the potency to empower immunity by generating immune retaliations 
(Mascellino et al., 2021; Tenchov et al., 2021; Ewert et al., 2021; Palgen et al., 2021). 
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The S protein of the virus-cell has a special receptor-interacting and membrane 
attachment site. Therefore, it is important to formulate a vaccine with high binding 
efficiency toward the S protein of SARS-CoV-2 and prevent its attachment with the 
membrane by stimulating antibody formation (Jiang et al., 2012). Novavax developed a 
nanoparticles (NPs) vaccine that interferes with the S protein of SARS-CoV-2 (Australia, 
2022). Queensland University in Australia has also developed a COVID-19 vaccine 
through the molecular clamp technique, which inhibits the S protein’s attachment during 
the infection’s starting phase. Few vaccines, like protein NPs and vaccines containing 
NPs are also in the clinical phases (The University of Queensland, 2022). The receptor 
binding domain (RBD) spike protein has a high affinity towards the ACE2 in COVID-19. 
For that reason, the SARS-CoV-2 vaccine could be helpful in the treatment of COVID-19 
infection (Tai et al., 2020). 

3.2 Nucleic acid vaccines 

When any person gets infected, in that person, the antigen activates the nucleic acid for 
protein synthesis; as a result of this, the cell-mediated response along with antibody 
formation takes place (Marshall et al., 2018). These nucleic acid phenomena can be 
utilised in developing the vaccine; the vaccine contains synthetic nucleic acid that 
activates the desirable immune response similar to the live or attenuated vaccine. The 
messenger RNA is also now an integral part of vaccine development, and the mRNA 
enhances the immunogenic responses (Pardi et al., 2018; Zeng et al., 2020). Combining 
various mRNAs into one vaccine is required to achieve the maximum therapeutic effect. 
The mRNA-1273 vaccine is still in phase-1 trial for the SARS-CoV-2 manufactured by 
the US-based Cambridge, Moderna that contains a synthetic messenger RNA strand and 
has the binding ability to S protein of COVID virus (World Health Organization, 2021; 
Baden et al., 2021). Unlike regular vaccines, mRNAs do not contain any virus in the live 
or attenuated form. Pfizer has manufactured another vaccine called BNT162b1, a  
codon-boosted messenger RNA vaccine coded with the SARS-CoV-2 receptor-binding 
domain (Mulligan et al., 2020). In addition, Inovio Pharmaceuticals has manufactured the 
INO-4800 deoxyribonucleic acid vaccine (Andrade et al., 2021), which can produce 
immunity through the translation process in the host cell. Nucleic acid-based vaccines 
have been made by applying polymeric nanoparticles (PNs), NPs and cationic liposomes, 
through nanotechnology (Guo et al., 2019). Nano-sized virus-like particles have the 
potential to activate the B cell using penetration into the human cell; therefore, virus-like 
particles act as a vaccine base. Nano-sized virus-like particles have revealed therapeutic 
safety and efficacy and have enormous utility in the treatment of COVID-19 (Perotti and 
Perez, 2019; Nasr et al., 2021). 

4 Intranasal therapy 

Ongoing research examinations revealed that epithelium cells of the nasal cavity and 
olfactory system contain receptors such as priming proteases like TMPRSS2 and ACE2. 
Impairment in the olfactory modality is a primary marker in SARS-COV-2 
contaminations (Butowt and von Bartheld, 2021). It has been suggested that the harm in 
sustentacular cells that contains the ACE2 receptor prompts olfactory impairment in the 
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COVID-19 population (Fodoulian et al., 2020). Now a day, numerous experiments are 
being focused on developing nanoparticles, which can be administered through the nasal 
route due to their various advantages over oral formulations (Arya et al., 2015). However, 
the COVID-19 infection started from the mucus membrane nasal cavity; therefore, a 
targeted mucosal approach could be the better strategy to treat the infection (Russell  
et al., 2020). The nasal drug delivery system is simple, cost-effective, and less toxic than 
other systems. Nanoparticles can be absorbed expeditiously from the nasal cavity because 
of the rich blood supply and surface area (Arya and Juyal, 2017). Nasal spray is also a 
component of the nasal drug delivery system. Sanotize nitric oxide (SaNOtize) is 
delivered through the nasal spray, which restricts the entry of the COVID-19 virus into 
the upper airways and averts the incubation and escalation to the lungs. Nitric oxide is a 
natural Nano molecule generated in humans and showed an immediate impact on 
COVID-19 (https://www.biopharminternational.com/view/nitric-oxide-nasal-spray-for-
covid-19-to-be-distributed-to-india-and-other-asia-markets). SaNOtize spray formed a 
layer that helps to treat the infection at the earliest phase by inhibiting viral replication in 
the nasal cells. Nitric oxide also blocks the ACE2 receptor, which is crucial for causing 
infection (AbdelMassih et al., 2021). Human monoclonal antibody (mAb) acts as a 
precautionary antagonist toward COVID-19 infections. mAb nasal spray has been 
designed to counteract the SARS-CoV-2 that inhibits the infection in the nasal cavity 
(Quiros-Roldan et al., 2021). The mAb blocked the ACE2 by binding the S1-protein on 
the respiratory tract. This phenomenon prevents the entry of infection into cells (Chen  
et al., 2020). Nano-spray containing zinc oxide (ZnO-NPs) has been evaluated as 
effective germicidal action for treating SARS-CoV-2. Zinc oxide nanoparticles have 
shown antiviral effects at a minimum concentration (IC50 = 526 ng/mL). It has been 
proven that ZnO-NPs have accumulated intracellularly, effectively impairing replication 
of SARS-CoV-2 (El-Megharbel et al., 2021; Rohani et al., 2022). 

4.1 Pulmonary delivery using NPs inhalation aerosols 

When treatment with intranasal delivery did not show a desirable therapeutic effect and 
infection passed to the lungs, we have another approach called pulmonary delivery of 
aerosols to block the infection (Ahamed et al., 2013a). Lung endothelial cells contain 
ACE receptors, mainly angiotensin II, responsible for regulating pulmonary vascularity 
(Ahamed et al., 2013b). For the prevention of SARS-CoV-2 infection, the lungs are one 
of the most important target sites; for that reason, inhaled aerosols are prescribed as an 
efficacious and safer route of delivery (Lavorini et al., 2021). The application of different 
nanotechnologies has formulated aerosols containing NPs. The particle size of NPs in 
inhalation aerosols remains in the range of 10–30 nm so that they can effortlessly be 
transported to the lungs in the form of dry powder or the dispersible colloidal spray solid 
form of compressed metered-dose inhaler (MDI) (Muralidharan et al., 2015). The 
Novochizol technology formulates chitosan nanoparticles, and those NPs are highly 
biologically compatible, show great affinity towards the epithelial cells of lungs, and 
have prolonged released tendencies (Cavalcanti and Nogueira, 2020). Systemic 
distributions of those NPs are less, so they can maintain an effective concentration around 
the targeted site. Preclinical testing of chitosan nanoparticles showed promising 
intranasal delivery (Arya et al., 2015; Arya and Juyal, 2017). 



   

 

   

   
 

   

   

 

   

    Significance of nanomedicines and recent advancement 55    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

5 Nanotechnology for the neutralisation of SARS-CoV-2 in the outer 
environment 

SARS-CoV-2 is enacted at temperatures 1 to 35°C and is neutralised in the acidic and 
high alkaline environment. The solidity of SARS-CoV-2 depends on its surface structure 
and is readily inactivated by currently accessible disinfectants. In this way, surface 
processing utilising NPs demonstrated antagonistic action towards the SARS-CoV-2 
(Coleman et al., 2014). The utilisation of nanotechnology in surface disinfectants can be a 
system of more viable choices than the traditional sterilisation method (Rasmi et al., 
2021). Additionally, by utilising NPs, one can openly control the delivery pace of metal 
particles, which have been demonstrated to be good and effective surface antibacterial 
(Joe et al., 2016). Antiviral effects of silver nanoparticles (Ag-NPs) have been now 
revealed, and the antiviral activity showed basically through faster disintegration and 
donating Ag+ ions, responsible for microbial-lysis (Orlowski et al., 2014). Ag+ ions bind 
with protein on the virus surface, piled up in the host cells, and inhibit virus replication 
with thiols containing enzymes (Galdiero et al., 2011). Due to the size of Ag-NPs, which 
is about 10 nm, they can easily bind with the surface of the virus and show greater 
physical interconnection and antiviral potency (Lara et al., 2010). On the other hand,  
Ag-NPs generate free oxygen radicals after attachment to the virus’s surface. The uses of 
Ag-NPs have effectively been explored, and they are used in the air channels and face 
masks to immobilise SARS-CoV-2. The Ag-NPs are also used in filters to restrict the 
entry of MS2 bacteriophages from the outer environment, particularly from dirt 
(Allawadhi et al., 2021). SARS-CoV-2 was also neutralised by the application of copper, 
and its antiviral effect on HuCoV-229E has been proved. Cu2+ has the genome-breaking 
ability, thus making the virus disable (Govind et al., 2021). Cu2+ ions bind with surface 
proteins of the virus and release hydroxyl radicals, which cause impairment of viral 
proteins, and finally, agitation of virions occurs (Raha et al., 2020). As far as economics 
and stability are concerned, Cu2+ is superior to Ag+. Hence the development of Cu-NPs 
like CuO is the best option to neutralise the SARS-CoV-2 in outer surroundings. It has 
already been proven that the influenza virus got disabled by wearing the CuO-NPs coated 
mask (Cortes and Zuñiga, 2020; Behzadinasab et al., 2020). SARS-CoV-2 is also 
neutralised by combining graphene derivatives (GDs) and metal NPs. With the help of 
electrostatic interactions between GDs and viral surface, the positively charged viral 
surface interacts with negatively charged GDs ion (Bundy et al., 2008). The GDs 
nanoparticles containing antibodies already have proved their antiviral action against 
influenza and rotavirus infections (Palmieri and Papi, 2020). As per the previously 
mentioned distinguished character of GDs, they could be used to improve, diagnose and 
manage the COVID-19 viruses (Park et al., 2021a). Numerous techniques have evaluated 
the antimicrobial properties of iron oxide nanoparticles (IONPs). Due to its better 
biostability, USFDA has been approved for anaemic management (Coyne, 2009). In outer 
surroundings, the iron oxide nanoparticles interact with the S protein present in  
SARS-CoV-2 and generate reactive oxygen species, which causes the inactivation of 
SARS-CoV-2 (Arias et al., 2018; Abo-zeid et al., 2020). 
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6 Future of nanoscience in the management of COVID-19 

Nanoscience is a novel technology for the treatment of COVID-19. The expeditious 
interpretation of these nano-formulations in the preclinical, clinical, and regulatory 
authorities gained more faith in the success of nanotechnology (Campos et al., 2020; Yin 
et al., 2014). Nanomedicine provides a generic platform, so it could be a cost-effective 
treatment option, despite the possibilities mentioned above, it is also a bitter truth that 
Nanomedicine still has to take full regulatory approval before being a part of the 
treatment, which is a time-consuming process (Foulkes et al., 2020). The main challenge 
in the treatment of COVID-19 is the mutation of the virus that is needed to be resolved, 
or else intense discovery in the field of nanoscience is indubitable to COVID-19 therapy 
(Yayehrad et al., 2021). There are a few challenges for nanomedicine including 
toxicological studies, therapeutic index, physicochemical stability, bioavailability, 
regularity requirements, and good manufacturing practice (Soares et al., 2018). 

7 Recent advancements in vaccines formulations 

Virus-like particles (VLPs) and nanoparticles have given rise to good vaccines. 
Molecules that activate innate immunity can be enclosed within the VLP to elevate the 
immune response and stimulate type 1 immunity (Kanekiyo and Buck, 2017). Around  
79 COVID-19 candidate vaccines are in clinical trials, four vaccines are in phase IV, and 
12 are in the phase III clinical trial process, per the report published on 5 March 2021. 
Besides these, about 182 other vaccines are in the progress of preclinical studies. 
Moreover, 90% of preeminent patients administered intramuscular injections (Kyriakidis 
et al., 2021; Gordon, 2021). Apart from these, the concept of DNA vaccines also seems 
crucial, in which delivering genes or fragments encode immunogenic antigens to the host 
cells by employing DNA plasmids as a vector. This approach stimulates a cell-mediated 
and humoral immune response. The vaccine is synthesised, so the genetic content is 
translocated to the host cell nucleus (Silveira et al., 2021). 

7.1 Inactivated virus vaccines 

In this sort of vaccine, the genetic content of the virus has been impaired to prevent the 
disease-causing efficiency. Inactivated virus lacks the potency to replicate inside the 
body, so a large dose is required. An adjuvant, i.e., aggravated the immune system, is 
employed to boost the immune system efficiently. It has been commonly seen that 
inactivated virus vaccines can aggravate the antibody mediate immunity but cannot elicit 
cell-mediated immunity inactivated. Some common examples of these vaccines are the 
rabies vaccine, hepatitis A virus vaccine, whole-cell pertussis (whooping cough) vaccine, 
and poliovirus (IPV) vaccine (Sanders et al., 2015). 

Chinese state-owned biopharmaceutical company Sinopharm developed the 
inactivated COVID-19 vaccine called BBIBP-CorVin in collaboration with the Beijing 
Institute of biological products. The private Chinese company Sinovac developed an 
inactivated COVID-19 vaccine called Corona Vac, while Bharat Biotech, the National 
Institute of Virology, and the Indian Council of Medical Research jointly developed 
Covaxin. All three vaccines contain an adjuvant viz. aluminium hydroxide, which can 
enhance the vaccine’s effectiveness. Moreover, Covaxin contains an additional adjuvant 
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known as a toll-like receptor (TLR) 7/8 agonist that facilitates a sturdy immune response. 
All three vaccines are administered in two prescribed doses (Kumar et al., 2021). 

7.2 Viral subunit vaccine 

This vaccine uses antigen of the virus without any genetic content, commonly provided 
with an adjuvant for showing good immune response. Most childhood schedule vaccines 
are subunit, protecting people from diseases such as whooping cough, tetanus, diphtheria, 
and meningococcal meningitis. An adjuvant can stimulate the cell to mediate immunity 
and cell-mediated immunity. Generally, this vaccine has been formulated by employing a 
recombinant expression system, i.e., in a cell without using the virus. The antigens have 
been authenticated through T helper cells during the genuine viral infection with the help 
of antigen-presenting cells. These vaccines usually produce cell-mediated immunity 
(Kandeil et al., 2021). 

7.3 Viral vector vaccines 

Viral vector vaccines use a modified version of a different virus (the vector) to deliver 
important instructions to our cells. This vaccine elicits its action in the following ways; 
firstly, the vector (not the virus that causes COVID-19) but a different harmless virus 
enters into a cell in our body and then uses the cell machinery to produce a harmful 
fragment of the virus that causes COVID-19. This fragment is known as spike protein 
and is found on the surface of the coronavirus and causes COVID-19. Spike protein 
triggers our immune system to produce antibodies and activates other immune cells to 
fight the infection. Finally, at the end of the process, our antibodies have learned how to 
protect us against future coronavirus infection, and we get protected from the virus. The 
vaccine minimised the risk of further disease and its serious consequences or even death. 
The individual may have some restlessness or uneasiness after the vaccination; this is a 
typical process experience, and it expresses the proper functioning of the vaccine. The 
virus vector vaccines can be developed rapidly and show their effect by triggering a 
sturdy cellular immune response with T cells and forming antibodies with B cells, and an 
example viral vector vaccine is the rVSV-ZEBOV vaccine against Ebola  
(Henao-Restrepo et al., 2017). 

7.4 Messenger RNA-based vaccine 

The messenger RNA (mRNA) vaccine contains instructions for constructing viral or 
bacterial protein into our cells. The immune mechanism of our body then responds to 
these proteins and evolves the technique to activate the immune response against the 
pathogen or infection that comes in the future. The genetically engineered mRNA 
vaccine instructs our cells on how to make the S protein found on the surface of the 
COVID-19 virus. After the vaccination, our immune cell initiates the formation of the S 
protein fragment and displays them on cell surfaces (Kowalzik et al., 2021; Rahman  
et al., 2021) and our body develops antibodies. If a patient is further infected with the 
COVID-19 virus, the antibodies formed and fight against the virus. After furnishing 
instructions, the mRNA is expeditiously broken down and never administered to our 
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cells’ nucleus. Pfizer-BioNTech and the Moderna COVID-19 vaccines are used m-RNA 
as vaccine targets (World Health Organization, 2021; Park et al., 2021b). 

7.5 Subunit vaccine and protein subunit vaccine 

Subunit vaccines utilise a small fragment of the pathogen to elicit our immune system to 
combat future infections. They cannot produce diseases but require the addition of other 
chemicals to form vaccines to activate the substantial immune reaction. Subunit  
vaccine-like Novavax COVID-19 candidate possesses either a protein, polysaccharide 
(sugar moiety), or a combination of both. The protein subunit vaccine exclusively 
contains the virus that activates our immune system. This kind of vaccine possesses  
non-detrimental S proteins. Whenever our immune system identifies the S protein, it 
produces antibodies and protective white blood cells. If a vaccinated individual again gets 
infected with the COVID-19 virus, the antibodies efficiently combat the virus; examples 
include the hepatitis B and cellular pertussis vaccines (protein subunit), the 
pneumococcal polysaccharide vaccine (polysaccharide), and the MenACWY vaccine, 
which contains polysaccharides from the surface of four types of the bacteria that causes 
meningococcal disease joined to diphtheria or tetanus toxoid (conjugate subunit) (Ma et 
al., 2014; Hewings-Martin, 2021). 
Table 3 Merit and demerits of the immunogen in different vaccines formulation 

Immunogen What it is Advantages Disadvantages Examples of 
vaccines 

Nucleic acids mRNA coding 
for a viral 
protein 

Substantial cellular 
immunity; fast 
progress 

Relatively low 
antibody response 

COVID-19 

Viral subunit A protein 
emerged from a 
pathogen 

It may have lesser side 
effects than the whole 
virus (swelling at 
injection sides) and 
redness 

It may be a weakly 
immunogenic; 
complex process 

Influenza 

Inactivated 
virus 

Inactivated 
dead virus 

Activates strong 
antibody response 

Desires excess 
quantities of virus, less 
or no immune 
response 

Rabies, 
hepatitis A, 
influenza 

Viral vector Viral pathogen 
articulated on a 
safe virus that 
is unable to 
develop the 
disease 

Fast progress, 
substantial cellular 
response, 
comparatively easier 
to develop 

Prior exposure to 
vector virus 
(Adenovirus) may 
alleviate 
immunogenicity; few 
vectors desire to boost 
with a different vector 

Ebola 

Source: Dai and Gao (2021) and Kashte et al. (2021) 
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Table 4 Available vaccines for combating COVID-19 
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Table 4 Available vaccines for combating COVID-19 (continued) 
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7.6 Nucleic acid vaccines 

Nucleic acid vaccines are used the genetic content from a disease-producing virus or 
bacterium (a pathogen) to aggravate the immune response to combat it. The genetic 
content may be DNA or RNA based upon the vaccine; in both circumstances, it gives the 
information for developing a specific protein from the pathogen, which the immune 
system identifies as foreign (an antigen). While administered to the host cells, this genetic 
content is prepared by the host cells’ protein-making machinery and employed in forming 
antigens that stimulate the immune system. This newly emerged technique; moreover, 
RNA or DNA vaccines are formulated to combat several ailments such as COVID-19, 
Zika virus and HIV. Various kinds of DNA vaccines, but no vaccine has been approved 
for human use so far. However, many DNA vaccines are validated for animals, e.g., the 
horse vaccine against the West Nile virus (Dai and Gao, 2021). Some merits and demerits 
of the immunogen in different vaccine formulations are described in Table 3 and the 
currently available vaccine for combating COVID-19 is described in Table 4. 

8 Conclusions 

However, many conventional strategies like antiviral, anti-malarial, ACE inhibitors, and 
immunosuppressant drugs are used worldwide to treat COVID-19. However, 
unfortunately, we could not get a proper cure for the infection, and still, we need better 
strategies for treating COVID-19. The main challenge in the treatment of COVID-19 is 
the mutation of the virus that is required to be resolved, or else intense discovery in the 
field of nanoscience is indubitable to COVID-19 treatment. Nanoscience has designed 
and placed a novel mechanism for the treatment of COVID-19. Nanotechnology can be 
used in the diagnostic and treatment of COVID-19. Various nano-formulations are under 
preclinical, clinical trials, or consideration of the regulatory authority. Earlier, the focus 
of researchers on the nanotechnology-based therapy of severe acute respiratory syndrome 
and Middle East respiratory syndrome coronavirus was very little. Now in this  
COVID-19 pandemic situation, various approaches are being tested for the development 
of effective treatment. In the past, nanomedicines have successfully treated various viral 
complications like HCV, HSV1, IAV, HuNoV, IBV, EBOV, and HIV1 and it could be a 
game-changer in the treatment of COVID-19. Various manufacturing units and research 
organisations are looking forward to nanotechnology and trying to manufacture and 
evaluate different nanomedicines and vaccines, such as nano-formulations of 
dexamethasone. Recently Pfizer achieved great success in developing a liposome-based 
messenger ribonucleic acid vaccine called BNT162b. For neutralising the SARS-CoV-2 
on the surface and surroundings, some NPs like GDs, Ag-NPs, CuO and NPs are under 
regulatory trials. Various nano-based vaccines are currently being developed containing 
the attenuated virus, viral vector fragment, and nucleic acid or synthetic nucleic acid. 
Despite the possibilities mentioned above, it is also a bitter truth that nanomedicine still 
has to take full regulatory approval before being a part of the treatment, but it is a long 
process. From the above discussion, we can conclude that nanoparticles-based diagnostic 
or COVID-19 treatment can be a miraculous carrier system to combat COVOD-19. 
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