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Abstract
Respiratory infections are quite challenging due to their complexity in ailments and composition of viral genetic material 
and their rate of proliferation. In particular, the eradication of viral illness is still a concern, irrespective of advancements 
in prevention and remedial procedures. The nature of the viral particle with the possibility of rapid transmission is prone to 
attach on the deposited surface for days together. This antigen expulses due to sneezing or coughing resulted in multiphase 
turbulent flow, contaminates the surroundings and is carried away by simple touch or inhalation and find newer hosts for 
instance, SARSCoV-2 aerosols remain viable for about an hour leading to infection. The present review focuses on the 
remedial aspects of respiratory infections through a knowledge-based approach towards nanosystems. The complete under-
standing of standard antiviral drugs and the remodelling of these drugs through nanosystems still is the need of the hour. 
The genetic material and epidemiology of viral antigen, help in redefining standard drugs along with nanocarriers to achieve 
more feasible and hour-based approach. The main goal of this review is to elaborate on the repurposing of existing standard 
antiviral drugs and ways to accelerate their mode of action to promote a feasible and hour-based approach. The consolidated 
three-dimensional approaches aimed at sustained, targeted and optimized levels of drug concentration in the circulating 
system along with bioactive nanocarriers which could effectively pass the cell membrane were reported. The platforms for 
nanomaterial evolution depend on nature of source, size, structure, and their unique functionalities (Stable, speedy, and 
long-lasting recovery procedure). However, the research activities and literature on coronavirus have been overwhelming but 
the information on the sustainability of nanotherapy in SARS-CoV-2 is still in the developmental stage. Hereby, the clinical 
aspects of SARS-CoV-2 and the eradication strategy developed for antiviral infections through nanotechnology will pave 
the way ahead for treating upcoming new variants or other pandemics.
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Introduction

COVID-19 is a pandemic disease spread through 
human–human transmission. As per WHO to date, in India 
about ~ 45 million COVID-19-positive cases have been 
reported with about 0.5 million deaths. (World Health 
Organization 2023). The epidemiology of COVID-19 
involves the transmission of viral antigens among humans 

via touching or handling the surfaces of the aerosols (World 
Health Organization 2014). Coughing, sneezing and talk-
ing cause the transmission of droplets with viral particles 
among individuals (Liu et al. 2020). Larger droplets of 
pathogens settle on the host surface and are carried through 
dried microdroplets (~ 100 μm). More focus to be provided 
on these microdroplets for eradicating respiratory infec-
tions on the larger scale. The particle size distribution may 
shift even lower when the airborne droplets are evaporated 
to form droplet nuclei. The droplet nuclei formation is 
dependent on the ambient temperature and humidity (Semi-
nara et al. 2020). Sustainable technology may be developed 
to fight these microdroplets to address both environmental 
hygiene and human well-being. One such sustainable pro-
cess that attracted researchers in designing nanomaterials 
from biopolymers. These materials of the nanometre scale 
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attribute to significant features such as their high surface 
area, increased volume ratio, strength, and reactivity con-
ductance. Varied forms of particles, capsules, composites, 
sensors and scaffolds were purposed for imaging, tracking, 
tracing, and drug delivery mechanisms. In the real-time 
approach, the role of nanomaterials is reviewed against 
inflammatory responses or post-stages of viral infections 
(Banerjee et al. 2016). Exploring current clinical trials for 
COVID-19, the number of registries such as intervention, 
methodology, patient groups, and outcome measures have 
been considered (Li et al. 2020). The swiftness in genomic 
sequencing of SARS-CoV-2 in comparison with MERS-
CoV, SARS-CoV, and Mac Viruses is greater (Lythgoe 
and Middleton 2020). The conserved regimes of the viral 
enzymes involved in pathogenic coronavirus were also 
investigated (Lu et al. 2020).

The mode of viral entry, its replication inside the host, 
and release through exocytosis are represented in Fig. 1. 
The interventional studies focused on preventive strate-
gies and treatment directions among COVID-19 patients. 

Chloroquine, lopinavir, ritonavir, favipiravir, dexametha-
sone, tocilizumab, remdesivir, hydroxychloroquine and 
ibuprofen are prescribed for treatment practices (Ledford 
2020a). Severe SARS CoV-2 patients are suggested with 
hydroxychloroquine with sofosbuvir and ledipasvir (Wang 
et al. 2020).

In some cases, interferon-alpha 2a is delivered through 
a nebulizer for clearing respiratory conjunctions. The 
interferon,α1b with placebo eye drops were used for eye 
infections (Haasnoot et  al. 2007). Antimalarial drugs 
such as dihydroartemisinin with piperaquine are restrict-
ing the replication of SARS CoV-2 (Barbaro et al. 2005). 
Methylprednisolone also acts as an immunosuppressant 
(Kamal and Jusko 2004). Cytokine removal, convalescent 
plasma-based therapy, monoclonal antibodies, antiangio-
genic, and microbiomes are also employed for COVID-
19 therapeutics (Zhang et al. 2008). The immunogenicity 
of SARS-CoV-2 is achieved through cell-mediated and 
humoral immunity. The impact of drugs on therapeutic 
systems is explored with the possibility of understanding 

Fig.1   Etiology of coronavirus disease-19
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viruses through molecular and cellular components. It 
leads to the development of multi-functionalized carri-
ers or vehicles based on the localization and targeting 
of ligands for drug delivery systems in vitro (Yoo et al. 
2019). Nanotherapeutic systems are more reproducible, 
easy to handle, non-toxic, stress-free repositories and cost-
effective to treat the full range of viral infections in the 
heterogeneous populations (Davis et al. 2008). The sus-
tainable and unconventional nanodelivery system with nil 
or less toxicity, biodegradability, and efficient excretion 
mechanism are in use for pulmonary application. Regulat-
ing technological advancement and evaluating the poten-
tial pitfalls are essential in establishing the nanomedicine 
as a therapeutic choice in anti-COVID-19 treatment. The 
current review focuses on the nanotherapeutics options 
for delivering antiviral drug-loaded carriers for treating 
respiratory infections and their symptoms.

Epidemic treatment frequency has been brought out 
through homeopathy, allopathy, and ayurvedic medicine 
(Natarajan et al. 2021). Besides, the National Institute of 
Siddha and Central Council for Research in Siddha from 
India recently adopted effective strategies to prevent the 
virus from spreading, using natural sources to regulate the 
mortality rate (Maideen 2021). Traditional Indian medi-
cines developed as an integrated approach for managing 
COVID-19 by incorporating the Siddha formulations for 
profound preventive and adjuvant effects. However, these 
studies need to be validated using large clinical trials 
(Teixeira 2021). In some places, the arsenicum album is a 
preventative medicine against primary infection (Gautret 
et al. 2020).

The biopharmaceutical industry has proceeded with 
developing and distributing vaccines throughout the world. 
Social impressions offset vaccines and their risks over time. 
Vaccines are developed and circulated with clinical efficacy 
by addressing the immune response to protect the medi-
cal challenges. Multiple vaccines are administered across 
countries (Agrawal 2021). Vaccines such as BNT162 / 
mRNA-1273 / ChAdOx1nCoV-191 / Ad26.CoV2.5 / Sput-
nik /BBIBP-CorV / PiCoVacc / Covaxin / NVX-CoV2373 /
AS03 /Ad5-nCoV / ZyCoV-D / CVnCoV / INO-4800 / ZF 
2001 have been manufactured in coordination with the pri-
vate agencies, governments, researchers, clinicians and the 
pharmaceutical companies.

The challenges of this nanodelivery system revolve 
around the proclamation of uniform distribution of the 
aerosol particles with a complete ventilation system. This 
standard approach depends on the factors influencing the 
quantification and inhibition of virulence activity of viral 
infectious agents (Gunathilake et al. 2021). The complete 
eradication of infection depends on the source of the mate-
rial and its physiochemical and biological characteristics 
based on its functional moiety.

Nanodrug carrier towards infectious 
diseases

In the case of conventional medications, the solubility, 
adsorption, and resistance behaviour of conventional 
medications seem to be a concern for the human health 
system (Yang et al. 2020). As an alternative solution, the 
nanotherapeutics method for treating viral infections has 
evolved during the rise of influenza, hepatitis and other 
mosaic diseases. Nanosystems aim to increase drug activ-
ity efficiency, dosage minimization, administration, and 
sustainability (Grenha et al. 2005). The main advantages 
of these nanosystems are their size, enabling them to have 
site-directed action and increased availability of surface 
area. These nanoformulations are tenable to surface func-
tionalization, ensuring cellular activity across the mem-
brane (Kumar et al. 2017). The encapsulation of drugs in 
nanoparticles and the formation of stable structures are the 
essential elements to make them a potential antiviral thera-
peutic tool (Müller et al. 2000). Besides this, the repur-
posing of drugs, dosing pattern, improved stability, and 
retention time remain exceptional (Courrier et al. 2002). 
The site-targeted delivery in host systems (cells, tissues, 
and their sub-cellular locations) depends on the interac-
tion of nanoparticle–functional sites of the drug moieties.

Antiviral nanotherapeutics

Antiviral drugs directed for targeted treatment procedures 
may be less specific and face rapid clearance in the host 
system. Studies evaluated to increase the action of drugs 
against the stressed immune system through the nano-
particle carriers (Molina et al. 2020). Nanoparticles are 
explicitly designed depending on the drug specificity and 
the biodegradability capacity. For example, Dexametha-
sone, a low-cost steroid used for treating severe respira-
tory complications ensures a low mortality rate among 
populations (Ledford 2020b). The therapeutic utility in 
coronavirus treatment involves numerous drugs specific 
to symptomatic treatments, as listed in Table 1. In recent 
times, apart from drugs like lopinavir-ritonavir and riba-
virin, baloxavir marboxil, favipiravir, remdesvir, umifeno-
vir, chloroquine, hydroxychloroquine, azithromycin, cor-
ticosteroids, losartan, statins, interferons, nitric oxide, 
epoprostenol, tocilizumab, siltuximab, sarilumab anak-
inra, and ruxolitinib were repurposed for the treatment 
of COVID-19 (Drożdżal et al. 2020). The research on the 
future therapeutic regimens extended based on molecular 
and genomic discoveries. In addition, the antiviral drugs 
were chosen and repurposed to form lopinavir, ritonavir, 
ribavirin, baloxavir marboxil, favipiravir, remdesvir, and 
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umifenovir (arbidol) specific to COVID antigen. Extension 
of the therapeutic system also included potential drugs 
such chloroquine, hydroxychloroquine, azithromycin, cor-
ticosteroids, losartan, statins, interferons, nitric oxide, and 
epoprostenol specific to COVID-19 regimen and do not 
have antiviral property (Wu et al. 2020).

Antiviral nanoprevention

In case of prevention strategies for viral activity, the inter-
ventions such as vaccines (COVID-19/aAPC /Ad-nCoV), 
antiviral (Darunavir/Cobicistat/Umifenorin), antimicrobial 
(Chloroquine/Placebo) (Cortegiani et al. 2020), personal 
protective equipment (Gastroscope/Medical masks/N95 
respiratory Mask) and others (Nitric oxide/PUL-042, 
rehabilitation, and lung segment service) have been used. 
The development of the pandemic flu (HINI/09) helped 
in devising strategy for COVID-19 treatment (Shi et al. 
2007a). The research groups at the National Institute of 
Allergy and Infectious Diseases have initiated a vaccine 
development from a modified mRNA vaccine against 
COVID-19 encoding viral spike protein. The vaccination 
process seems fruitful over the classical and traditional 

treatments to bypass the conventional vaccines (Fang et al. 
2022). The ultimate goal of the preventive strategies is 
to overcome the factors such as weak immunogenicity, 
intrinsic in vivo instability, toxicity, and repeated dosage 
patterns.

The host immunity may be enhanced with the peptide 
subunit vaccines as adjuvants incorporated with novel deliv-
ery vehicles such as liposomes, polymers, virosomes, etc. 
(Sarkar et al. 2019) to fight against SARS-CoV-2. Some 
of the adjuvants like monophosphoryl lipid A (MPLA) 
and cytosine-phosphorothioate-guanine oligodeoxynu-
cleotides (CpG ODN)  are used as alternative therapies in 
COVID-19. In the case of liposomes, 1, 2-dioleoy-l-3-tri-
methylammoniumpropane (DOTAP) was used for specific-
ity with antigen-presenting cells enabling the CD4 + and 
CD8 + immune response. Specifically, viral proteins such 
as virosomes are used as subunit vaccines which are highly 
degradable, nontoxic, and do not form antiphospholipid anti-
bodies (Schwendener 2014). In comparison to liposomes, 
virosomes enhance the active substances from proteolytic 
degradation. Additionally, it is also reported that RNA vac-
cines are formulated using lipid nanoparticles to increase 
their stability and immune response (Bolhassani 2023).

Table 1   State of art therapeutics/repurposed medicines for Covid-19 treatment (Cortegiani et al. 2020)

S. No Treatment measures Drugs mediated

1 Antiviral Chloroquine/iopinavir/ritonativr/favipiravin/oseltamivir/
azuvudine/noafron/hydroxychloroquinone/ribavirin/remdesivir

2 Antimalarial Chloroquine/
Placebo/piperaquine

3 Steroid Dexamethasone
4 Immunosuppressant’s Methylprednisolone/flingolimod/

meplazumab/sarilumab/
Thymosin

5 Cytokine removal Cytosorb cytokine/artificial stem cells/ruxolinitib/
Umbilical cord blood c1k cells/stem cells educator therapy

6 Plasma-based therapy Anti-SARS-Cov-2 virus inactivated
Plasma/convalescent immunoglobulin/gamma immunoglobulin

7 Inhaled gas Hydrogen
Inhalation/hydrogen–oxygen nebulizer/inhaled nitric oxide

8 Antibiotics Pirfenidone
9 Antiangiogenic Bevacizumab/

thalidomide/placebo
10 Antimicrobial Hydrogen peroxide gagle/carrimycin/iopinavir/rifonavir/suramin
11 Antioxidants Alpha-lipoic acid/ lipoic acid injection
12 Microbiome Betagluten probiotic/

Probiotics/microbiota transplant
13 Organ support

supplements
Artificial liver system/CRRT/ECMO/external diaphragmatic/unspecified blood pacing

14 Therapy intrusion Interracial nutrition emulsion/health educational pulmonary rehabilitation/lung reha-
bilitation/shadowboxing rehabilitation

15 Zonated auto chemotherapy Convent treatment/ozonated autohemotherapy/sodium aesinate/acetylcysteine inhala-
tion/jakotinib/losartan/sildenenafil/tetrandrine



Applied Nanoscience	

1 3

The most important prevention techniques highlighted 
based on person-to-person transmission of SARS-CoV-2 
by defining the symptoms of COVID-19 patients and their 
host immune response towards SARS-CoV-2.

Technical advancements in nanomaterials 
for antiviral treatments

The emerging field in the delivery of drugs through nano-
technology remains inevitable. The development of nano-
materials involved varied formulation techniques that kept 
evolving. The refinement of experimentation is mainly 
engaged in enhancing the bulk production of nanomate-
rials (Sharma et al. 2015). The top-down and bottom-up 
approaches are employed to prepare nanomaterials, as shown 
in Fig. 2. Solvent diffusion and emulsification are the most 
commonly used method for preparing defined nanomateri-
als. Polymeric nanomaterials for antiviral treatments endure 
promising material formulated using solvent evaporation (Li 

et al. 2004). Approaches involved in designing the nanoma-
terials are optimized based on the following factors: car-
rier material, mechanism of drug release, targeting ability, 
administration route, drug choice, delivery duration, and 
biocompatibility nature.

The regeneration and repurposing of existing antiviral 
drugs targeting lung health have contributed dosage lot in 
the treatment of SARS-CoV-2. For example, remdesivir 
through oral delivery has less bioavailable compared to 
nebulized drugs to prevent the spreading of the virus from 
the lungs (Li et al. 2021). The nebulization of nanodrugs 
have achieved 100% recovery compared to intravenous 
administration; remained a boon for health centre and pro-
vided stress-free experience while self-administration during 
COVID-19 pandemic.

Formulation platforms

Nanomedicine fascinates the medical fraternity with diag-
nosis and treatment. The underlying principle of the inter-
action system of particle–drug complex, particle–host, and 
particle–drug–host complexes in targeted drug delivery sys-
tems determines the efficiency of therapeutics (Grove and 
Marsh 2011). The size acts as a determinant for antiviral, 
antioxidant, and antimicrobial treatments for the active drug 
delivery system, as listed in Table 2. The in-depth analysis of 
nanocarriers for antiviral therapy and their breakthroughs is 
expanding. The nanocarriers with surface modifications play 
a major role in improving conventional antiviral drugs and 
enhanced drug delivery systems. The surface functionaliza-
tion or coatings retain the uniform dispersity and conserve 
the drug–carrier molecule properties (Mitchell et al. 2021). 
Nanocarrier’s surface functional moiety may be subjected 
based on the hydrophilicity and hydrophobicity of the drug. 
The surface charge of the nanocarriers are governed by the 
addition of drug molecule or carrier molecule (polymer/
lipids, etc.) thereby influencing its cell viability, biodeg-
radability, drug encapsulation and drug elimination. For 
example, anionic liposomes were formulated to enhance the 
entrapment efficiency, whereas the polymeric nanocarriers 
prefers positive charges to induce phagocytosis for effective Fig.2   Preparation methods of nanotherapeutics

Table 2   Nanotechnology 
platforms for antiviral 
medications (Malmsten 2006; 
Song et al. 2005; Lawrence and 
Rees 2000; Mamo et al. 2010)

Formulations Materials

Nanocoatings Fabric, metal, wood, concrete, and plastics
Nanogels Polymeric gels, proteoglycan gels, collagen, dendritic polyglycerol
Nanoparticle Organic, inorganic
Nanosensors Incorporated gold nanoparticles, iron oxide nanoparticles, 

graphene, quantum dots, carbon quantum dots, and carbon 
nanotubes

Nano filters Photocatalytic nano-TiO2 filters, nanofiber filers, nanosilver, nitro-
cellulose, graphene, and carbon nanotube filtration
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antiviral activity (Maus et al. 2021). The surface properties 
of the nanoparticles are inevitable for determining the mode 
of action, delivery route and the recovery rate. The research 
findings have confirmed that the application of these carrier-
coated nanosystems could block specific viral proteins and 
disrupt the replication process in the infected cells (Maus 
et al. 2021).

Evolution of nanomaterial solutions

The functionalized nanomaterial improved efficacy with 
reduced side effects. Innovative delivery systems distribute 
numerous therapeutic agents (drug/gene) in the different 
developmental stages through productive ways. Antiretro-
viral therapy, gene therapy, and immunotherapy are still used 
for sustainable delivery (Teixeira 2020; Shi et al. 2007b). 
The gold nanoparticles are loaded using drugs such as SDC-
1721, fullerene, and dendrimers. Immunotherapy using 
mannose-targeted polyethyleneimine polymers encoded with 
plasmid DNA for targeted delivery (Yao et al. 2020; Ioerger 
et  al. 2013). In recent times, fabricated nanomaterials 
using both inorganic and organic constituents for antiviral 

treatments. In the case of inorganic materials, silica and 
gold nanoparticles evolved for innovative delivery systems 
(Fig. 3). The amino group functionalized and carboxym-
ethylated nanoparticles were used for promising biomedical 
applications (Diebold et al. 1999). Currently, researchers are 
exploring a novel nanocarrier platform for the sustainable 
delivery of antiviral drugs. Achievable tunable size and sur-
face functionalization for antiviral treatments prepared using 
polymeric nanoparticles, for example, polyethylene glycol 
(Patil et al. 2009). WHO and FDA agencies approved poly-
lactide, polyglycolide, and poly (lactide-co-glycolides) for 
the nano-preparations for antiviral treatments. Hydrophilic 
polymers are used as nanocapsules or nanospheres to 
decrease the susceptibility to body functions. They defer the 
uptake of phagocytosis by prolonging the drug life (Fig. 3) 
(Pang 2015). Additionally, the nanoforms of micelles and 
dendrimers are also involved in treating viral infections.

Polymeric nanomaterials are mostly natural which por-
trays various advantages of being inert and biodegradable 
material; rapid adsorption and trouble free  elimination 
for improved patient compliance. These materials have 
improved chemical flexibility and functional charge proper-
ties leading to host–drug interaction (Han et al. 2018). The 

Fig.3   Platforms of nanomedi-
cine for the encapsulation of 
antiviral drugs
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intranasal delivery of these polymeric nanoparticles has led 
to the preferred condition for therapeutic moieties. Along 
with polymeric organic matter (chitosan/starch/cellulose, 
etc.), lipids (liposomes), niosomes and dendrimers have 
convenient modes of delivery, degree of functionalization, 
side chain rotation and biocompatibility (Chenthamara et al. 
2019).

In the case of inorganic materials (gold/zinc) and car-
bon quantum dots, the theranostic approach has reached a 
pinnacle with maximum adaptability and drug diffusibility 
in the targeted delivery. As a novel approach, researchers 
have developed virus-like nanoparticles (Self-assembling 
protein) from viral capsids without genetic materials for 
antiviral treatment (Xue et al. 2022). This has enhanced the 
immune response and with minimum enzymatic degrada-
tion. On the other hand, siRNA has been developed along 
with polymers or lipids for inhibition of RNA interference 
on SARS-CoV-2. Similarly, mRNA-based vaccines prepared 
using lipid nanoparticles were developed as beneficial, and 
in preparation for the future pandemic (Wilson and Geetha 
2022).

Hybridization of mesoporous materials 
for antiviral treatment

Mesoporous nanomaterials are known for their enhanced 
pore size, volume, surface charge functionalization and deg-
radation profile which makes them exciting for therapeutics 
(Lembo and Cavalli 2010). In addition, the flow property 
in the porous material for adsorption or diffusion is greatly 
influenced by its pore structure, structural network, and 
physical characteristics. The crucial part of drug encapsula-
tion is dependent on (a) liquid penetration into the porous 
material (Baas et al. 1994), (b) molecular and bulk proper-
ties of the liquid and (c) the surface property of the porous 
medium. The large surface area with high pore volume of 
mesoporous particles possesses unique drug-delivery prop-
erties and maintains constant drug circulation in the blood. 
The design of the mesoporous nanoparticles is crucial for 
localized delivery in lymph nodes and other pulmonary 
infections (Bharti et al. 2015). In recent times, many for-
mulations have been carried out in combination with natu-
ral bioactive compounds in the preparation of mesoporous 
nanoparticles for loading antiviral drugs.

Challenges for nano‑based delivery

The most significant problem in the use of nanosystems is 
reduced permeability through biological membranes. After 
the delivery to the host systems, cells undergo endocytosis 
pathways, limiting the uptake and utility of nanoparticles 

(Fig. 4). In some cases, the uptake of therapeutic agents 
is limited through non-specific cells such as macrophages 
and organs of the reticuloendothelial system (e.g., liver and 
spleen) (Singh et al. 2017). However, surface modification, 
dosage administration, and biodistribution play a significant 
role, whereas toxicity remains crucial. The occurrence of 
toxicity depends on the type of nanoparticle, accumula-
tion system, circulation time, and excretion phenomenon. 
These efforts induce acute pulmonary toxicity, renal toxicity, 
hepatotoxicity, neurotoxicity, and genotoxicity (Panyam and 
Labhasetwar 2003).

The structural moiety of SARS-CoV-2 keep changing 
and the variants of interest keeps evolving such as XBB.1.5, 
XBB.1.16 and EG.5. This remain the most challenging 
among healthcare units in developing drugs or vaccines sen-
sitivity towards the variants (Sharma et al. 2023). The side 
effects of acute respiratory distress syndrome (ARDS) in 
COVID-19 patients lead to associated complications in car-
diovascular regions such as arrhythmias. The recovery rate 
and the treatment regimen vary among normal patients and 
patients in immunocompromised situations such as Type 2 
diabetes, hypertension, hyperlipidemia, and hypothyroidism.

Biodegradation and elimination 
of nanoforms in antiviral treatments

The nanoparticle preparation and its application process 
are designed based on its biodegradability processes. The 
biodegradation process in the host system determines the 
sustained release and biodistribution profiles. This biodeg-
radation profile depends on polymer composition, hydropho-
bic–hydrophilic sites, size, and molecular weight (Kumar 
Malik et al. 2007). Till date, the evidence about the nano-
particle degradation in the host system remains untangled. 
Non-biodegradable nanosystems exit the cell through an 
exocytosis system. The ionic strength of the nanosystem 
seems foremost in excretion from the body. In terms of cati-
onic particles, they tend to agglomerate and seem to retard 
their elimination within the host. Whereas anionic particles 
happen to be eliminated more rapidly from the system (Jain 
et al. 2008).

Similarly, particle size is a crucial factor for the excretion 
system. The mutation rate remains complicated in corona-
virus, and they tend to infect and reside in cells such as 
macrophages (Fig. 4). The nanoparticles are prepared and 
modified by increasing their affinity towards macrophages 
(Meuleman et al. 2012). Continuous improvement in the 
functionalization of typical drugs with improved specific-
ity requires a stringent strategy. Depending on the size and 
functional groups, the release mechanism are varied such 
as sustained, on-site directed, pulsative, or simple diffusion 
mechanisms (Patra et al. 2018).
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The flow of viral antigen activity starts from attach-
ment to penetration and is further exposed and preceded by 
RNA-directed RNA synthesis (Modrow et al. 2013). Later, 
it assembles and releases the intact virion (Fig. 4). Virus-
nano drugs complex seems to undergo four different ways of 
clearance, such as pulmonary (lungs), renal (kidney), hepatic 
(liver), and RES clearance (spleen) mechanism (Milovanovic 
et al. 2017). The size of the nanosystems plays a significant 
role in the excretion. The nanoparticles are excreted in the 
bloodstream and not engulfed by the phagocytic cells when 
administered intravenously. These fundamental behaviours 
of novel viruses explain the imperative need for nanosystems 
for antiviral therapeutic applications.

The biodegradation of natural materials are irrevers-
ible, leading to change in mechanical properties, damage, 
and depolymerisation. The inert materials inside the host 

systems are monitored for the degree of hydrolysis and 
degradation of enzymes (Kamaly et al. 2016). The interac-
tion with water molecule initiates the material decomposi-
tion, and vary with the nature of particles (amorphous and 
crystallinity).

Management of post‑respiratory infections

Patients who acquired COVID-19 may be prone to post-
infection complications and drug- induced side effects. The 
immune response of these sufferers play a crucial role in the 
management of post-complications. Most common symp-
toms rely on breathing complications and the stats of the 
lung functions get reduced (Desai et al. 2022). Patients with 
immunocompromised disorders need regular monitoring and 
follow-ups for betterment. The dose percentage of vaccine 

Fig.4   Host response for antiviral therapy
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administration by the common people has reached more than 
half of the whole population across the globe. The effects of 
these vaccine administered are also under research by health 
professionals and clinicians (Yarlagadda et al. 2022). Overall 
treatment systems move towards having a better environment 
with the development of new and novel drugs (with changes 
in size and dimension), effective for complete recovery and 
able to fight against upcoming new variants or other pan-
demic infections.

Conclusion

Severe complications of pneumonia occurred in late 2019 in 
Wuhan, China. This review has emphasized the importance 
of nanotechnology in COVID-19 interventions and treatment 
measures through sustainable technology. A complete under-
standing of the various classical nanoplatforms to treat viral 
infections remains promising for exploring the new model 
for treating SARS-CoV-2 disorders. Moreover, the nanoma-
terial specificity, the size and determinants of targeting help 
reach the site of infection and inflammation for a speedy 
recovery. The pyramidal response involving drug, host, and 
nanomaterials plays a significant role in nanotherapeutics. 
In the future, nanosystems and their treatments will help 
expand our study for viral therapeutics with zero or sig-
nificantly less toxicity towards the ecosystem. Thereby, the 
value-added therapeutic systems helps the clinical fraternity 
to facade other new disease or pandemic infections.
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