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Abstract: Coronavirus disease (COVID-19) is a respiratory infectious disease caused by a newly 

discovered virus strain, severe acute respiratory syndrome coronavirus-2 (SARS-Cov-2).  This 

pandemic spread quickly across nations with a high mortality rate in immunocompromised patients. 

This contagious disease posed a serious threat to health systems. It impacted the continents of the earth 

in a way that could not have been predicted. Therefore, many leading funding agencies announced the 

call for proposal to diagnosis and treatment of COVID-19 pandemic using advanced technology-based 

methods, including nanotechnology. The researchers coming from the nanotechnology community can 

contribute their efforts to cope with COVID-19. As a community member of nanotechnology, we 

suggest some new research targets that can be designed and improved, optimized, and developed the 

existing/new materials in the sub-field of diagnostics and healthcare of nanotechnology. The potential 

research targets to fight against COVID-19 includes Point-of-care diagnostics (POCD), surveillance 

and monitoring, novel therapeutics, vaccine development, research, and development, repurposing 

existing drugs with potential therapeutic applications, development of antiviral 

nanocoating/antimicrobial spray-based coating for PPE, magnetic nanoparticles and viral RNA and 

rapid detection kits. 
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1. Introduction 

The outbreak of coronavirus infectious disease (COVID-19) was the first time that 

emerged in December 2019 in Wuhan, a city in China’s Hubei province with a population of 

about 11 million. This contagious disease has quickly spread over the 213 countries and 

territories around the world with a high mortality rate in critically ill This respiratory infectious 

disease has been declared as a sixth Public Health Emergency of International Concern 

(PHEIC) by World Health Organization (WHO) on 30th January 2020 (Mackenzie & Smith, 

2002; www.who.int). The statistics of COVID-19 pandemic has led to over 10251173 

confirmed cases, and 504520 fatalities as on  29th June 2020 (https://covid19.who.int/) The new 

cases across the nations are increasing abruptly. To date, there is no drug that has proved to be 

effective for the treatment of COVID-19 that have a high frequency of genomic recombination 

and mutation [1–3]. Coronaviruses have been characterized as highly diverse, enveloped, 
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positive-sense, and single strand-RNA viruses [3–5]. So far, six known species of human 

coronavirus have been discovered, including HCoV-NL63, HCoV-229E, HCoV-OC34, 

HCoV-HKU1, SARS-CoV and MERS-CoV, all of them found directly associated with 

respiratory tract diseases [6–10]. The newly discovered SARS-Cov-2 has been characterized 

as a seventh strain of human coronavirus [11]. Based on the whole genome sequencing and 

functional annotations, the Coronavirus Study Group (CSG) taxonomically placed the SARS-

Cov-2 with Genre Betacoronavirus [12,13]. In the last two decades, two other CoVs, namely, 

severe acute respiratory syndrome CoV (SARS‐CoV) and Middle East respiratory syndrome 

CoV (MERS‐CoV), have been reported and cause severe human diseases. Whole-genome 

alignment (WGA) revealed that COVID-19 shared the 89.1% and 60% sequence identity with 

SARS and MERS CoVs, respectively [5,11]. The viral membrane is studded with spikes of 

glycoprotein that give coronaviruses a similar appearance to their crown. Although 

coronaviruses infect both humans and animals, some animal types, such as bats that host the 

widest range of coronaviruses, tend to be immune to coronavirus-induced disease [14]. The 

most common symptoms of COVID-19 are cough, fever, shortness of breath, and trouble 

breathing. In more serious cases, pneumonia, extreme acute respiratory syndrome, and even 

death may result from infection. The symptoms will show within 2-14 days. If the virus spread 

is not effectively managed in the immediate future, the wavelet impact of this epidemic could 

theoretically pose significant challenges to the global health division and as well as far-reaching 

implications for the world economy [15–17].   

In a recent study, a panel of recognized pathogens was used to screen the infected 

person with pneumonia-like symptoms and their irregular lung computed tomography (CT) 

images using a polymerase chain reaction multiplex (PCR) (Ref). It has produced negative 

results. On 10th January 2020, the previously unknown pathogen was identified as an RNA 

virus through next-generation sequencing (NGS) approach. Its genome sequencing showed that 

the novel virus in 2002−2003 was identical to SARS-CoV, the virus that caused SARS, and it 

was called SARS-CoV-2. Four types of coronaviruses are called alpha, beta, gamma, and delta. 

Extreme acute respiratory syndrome (SARS) virus (SARS-CoV), Middle East respiratory 

syndrome (MERS) virus (MERS-CoV), and Covid-19 causative agent SARS-CoV-2 are 

included in the beta coronavirus class. SARS-CoV-2 affects the lower respiratory system to 

induce viral pneumonia and can also damage the immune system, heart, kidney, liver, and 

central nervous system leading to multiple organ failure [9,18]. Current information available 

in public repositories suggests that SARS-CoV-2 is more transmissible/contagious than SARS-

CoV [19]. Based on the availability of whole-genome sequence data of COVID-19, suffering 

patients diagnosed recently using developed PCR kits. Besides, the scientist and researcher of 

CDC have also developed rRT-PCR panel for detection, isothermal amplification tests, 

serological tests, and lateral flow assays to diagnose COVID-19 [20]. Chest CT scans can be 

effective in diagnosing Covid-19 in people with a strong clinical suspicion of infection based 

on risk factors and symptoms but are not recommended for regular screening. However, the 

diagnostic test developments and their regulatory approvals, researchers are now testing 

different drug formulations to treat Covid-19 patients. Some of the therapies are conducted 

through clinical trials in which the most common is the trial of Lopinavir and Ritonavir in 

adults hospitalized with severe COVID-19. The result of this is that in hospitalized adult 

patients with extreme Covid-19 therapy, no gain was observed beyond standard care with 

Lopinavir–Ritonavir. Future studies in critically ill patients can help to confirm or exclude the 

possibility of a treatment gain. Other recent multicentre clinical trial and cell culture studies 
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indicate that chloroquine, the 70-year-old malaria drug, may potentially demonstrate 

therapeutic efficacy against COVID-19 (Coronavirus disease 2019). In favor of disease 

prevention, several vaccine candidates are being tested globally against SARS-CoV-2, and 

some have recently entered the last phases of clinical trials [21]. The scientific community 

hopes that an effective vaccine is expected for at least 8−12 months. 

2. Research gaps and future prospectives for nanotechnologist 

 Keeping in mind this pandemic COVID-19 infection and bullet spreading, all the 

nations across the globe should concentrate s to make stronger their healthcare system than 

before. The researchers of the nanotechnology community can contribute their efforts against 

the fight COVID-19. As a team member of the nanotechnology community, we are suggesting 

the following research targets (Figure 1). 

 
Figure 1. Potential research targets of nanotechnology to fight against COVID-19. 

2.1. Point-of-care diagnostics (POCD). 

Point-of-care diagnostics (POCD) or with-patient testing helps doctors and medical 

personnel to reliably produce diagnostic outcomes in real-time, laboratory quality within 

minutes and not hours. Coronavirus-positive individuals with a wide variety of symptoms such 

as other respiratory illnesses (e.g., fever, cough, and shortness of breath) or maybe silent 

carriers. Such related symptoms generate uncertainty and substantial concern about the spread 

of Covid-19 at the community level. The availability in emergency rooms, clinics, and 

community hospitals of a cost-effective, fast point-of-care diagnostic test is critical. These 

diagnoses allow frontline workers to triage patients and avoid further coronavirus spread 

quickly, and we need to change our diagnosis methods. The nanotechnologist can help in this 

area for making some advances in POCD, which are a result of continuous developments in 

nanosensor technology, microfluidic channel devices, bioanalytical platforms, assay formats, 

lab-on-a-chip technologies, and complementary technologies. In the past 2-3 years, several 

prospective POCD has been developed, which are paving the way to next-generation POCT 

[22]. 

2.2. Surveillance and monitoring.  

Surveillance with rapid diagnostic tools helps public health officials to track the spread 

of viruses, proactively identify areas with infections, predict the need for surge capacity, and 
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allocate the required resources to the relevant areas. Simple and open coordination and 

cooperation between central governments, major public health labs, hospitals, government 

departments, and communities depend on the results of such a program. The WHO and others 

have argued that widespread testing will be needed to stop this pandemic [21]. Individuals in 

the community can play an important role in the surveillance of   COVID-19. Where possible, 

individuals who have signs and symptoms of COVID-19 should be able to access testing at the 

primary care level. Where testing at the primary level is not possible, community-based 

surveillance, whereby the community participates monitors and reports health events to local 

authorities, may be helpful for identifying clusters of COVID-19 (Surveillance strategies for 

COVID-19 human infection). Nanotechnologists and software engineers should be designed 

computer-based applications in which the individuals fill their health signs and symptoms and 

get the health status report as output. In India government launch aarogya setu apps, and it is 

working in the right direction but may need to optimized and improved. 

2.3. Therapeutics.  

Proper care and monitoring of COVID-19 patient is required for recovery. Although 

various drugs and vaccines have shown effectiveness, however no therapy in the form of 

vaccine or drug has been approved for COVID-19 to date. Detailed research is required to 

understand the mechanisms involved during the interaction of SARS-CoV-2 with the host cell 

(e.g., binding of SARS-CoV-2 with angiotensin-converting enzyme receptor 2, ACE2), these 

findings may help in the development of new therapeutic agents to inhibit the interaction. In a 

study, it was observed that selenium based nanoparticles coated with the oseltamivir drug, is 

capable of inhibiting the interaction of H1N1 coat protein with the host cell [23]. Similarly, a 

potent drug can be loaded on the nanoparticles that can interfere with the interaction of SARS-

CoV-2 and ACE2, inhibiting the viral infection inside the host.  

2.4. Vaccine development.  

Vaccines are the most effective medication that completely or to some extent, lower 

down the chances of pathogenic infection by strengthening the immune system. Nanoparticle-

based vaccines can play an important role in this direction. For example, a maltodextrin 

nanoparticle-formulated vaccine was found effective against influenza virus infection [24]. As 

per the reports, a total of 115 vaccines are under developmental stages against COVID19 [25].  

As per the available data, the nanoparticle-based mRNA-1273 vaccine developed by the 

Moderna (American Biotech Company) is under phase 1 trial. The main characteristic of the 

mRNA-1273 vaccine is its lipid nanoparticle-encapsulated mRNA vaccine that code for the S 

protein. 

Moreover, the SARS-CoV-2 virus shows substantial sequence homology with two 

other deadly viruses, i.e., SARS and MERS. The nanoparticles based vaccine studies against 

the SARS and MERS may play an important role in facilitating the design of anti-SARS-Co-2 

vaccines [26–28]. Hence, developing a safe and efficient nano-based vaccine can manage the 

spread of  Covid-19.  
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2.5. Research and development.  

Identifying targets is necessary to discover the potential drugs with high target 

specificity or to discover existing drugs that could be repurposed to treat the infection with 

SARS-CoV-2. Already existing potential targets, their functions in viral infection, and current 

representative drugs or drug candidates that are known to be acting on the corresponding targets 

in related viruses and are therefore to be tested for their effects on SARS-CoV-2. 3CLpro and 

PLpro are two viral proteases responsible for the cleavage of viral peptides into virus 

replication and packaging functional units within the host cell. Thus, drugs that target these 

proteases can be studied in other viruses. RdRp is the RNA polymerase responsible for the 

synthesis of viral RNA that may be inhibited by current antiviral drugs or may also be evaluated 

by drug candidates. 

2.6. Existing drugs with potential therapeutic applications.  

SARS-CoV-2 is a newly discovered pathogen; until now, no specific drug is available 

at present. The repurpose of patented drugs is an economical and successful therapeutic 

technique. So far, different drugs have been repurposed for the treatment of the COVID-19, 

which includes antimalarial drugs (Chloroquine and its derivative Hydroxychloroquine), 

antiviral drugs (HIV Protease Inhibitors, i.e., Lopinavir and Ritonavir), investigational 

nucleoside analog [Remdesivir (GS-5734)], and investigational RNA-dependent RNA 

polymerase inhibitor (Favipiravir) [29–34]. Several adjunctive therapeutic drugs have also 

been utilized for the treatment of COVID-19, such as macrolide antibacterial drug 

(Azithromycin), Interleukin-6 (IL-6) Receptor-Inhibiting Monoclonal Antibody (Tocilizumab, 

Sarilumab) and Investigational Humanized Monoclonal Antibody to the Chemokine Receptor 

CCR5 (Leronlimab) [35–39]. However, among the repurposed drugs Chloroquine and 

Hydroxychloroquine were highly recommended for the treatment of the COVID-19 in different 

countries, including China, the USA, and India [31,40,41]. Based on the detailed biological 

surveys, many recent studies questioned the safety and reported the severe adverse effects of 

Chloroquine and Hydroxychloroquine [31,42]. The nanotechnology and biotechnology 

methods-based efforts are going to react rapidly to established drugs with therapeutic potential 

against COVID-19 with the fruitful utilization of available genomic sequence knowledge 

coupled with protein 3D structure modeling [43,44]. 

2.7. Development of personal protective equipment (PPE).  

The magnetic nanomaterials coating will be used on masks, eye-protecting glasses, and 

other protective gear used by healthcare workers for developing antiviral nanocoated Personal 

Protective Equipment (PPE). PPE which are usually used to protect the wearer from infectious 

microbes / aqueous virus droplets acting as a shield. This PPE, however, typically do not have 

the ability to prevent the spread of microbes as the fabric surface readily allows microbes to 

bind and grow over time. This leads to more microbial spread due to poor handling of PPE and 

inappropriate disposal procedures. Nanotechnology group can attempt to develop certain 

products that protect healthcare workers and people from current coronavirus and other 

infectious diseases. 
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2.8. Magnetic nanoparticles and viral RNA.  

Iron oxides nanoparticles are very well known for their antimicrobial properties against 

pathogenic bacteria and fungi [45,46]. Studies indicated that iron oxide nanoparticles could 

play a major role in the COVID-19 outbreak. According to the news published by Nanowerk 

(08, April 2020) [47], Norway is using kits that contain immobilized iron nanoparticles on 

silica to identify COVID-19 positive cases. These nanoparticles show a strong affinity for the 

RNA (genetic material) present in the coronavirus. Collaborative works by Norwegian 

University of Science and Technology (NTNU) and St. Olavs Hospital lead to the development 

of the COVID-19 testing method exploiting the magnetic properties of iron oxide nanoparticles 

to attract the RNA present in the sample collected from the suspected or infected COVID-19 

patients. The testing methods also contain a substance that helps in the extraction of RNA from 

the virus. Further, the extracted RNA is strongly attracted to the silica-covered magnetic 

nanoparticles. The next step is to use a magnet to pull the RNA-covered particles out of the 

solution and identifying the genetic code of RNA. In the last step, the available genetic code of 

RNA is compared to the genetic code of coronavirus to conclude the result of the sample. The 

developer of the kit also states that the iron oxide nanoparticles method is more sensitive than 

commercially available tests. The above technology can revolutionize the testing method of 

COVID-19 patients because of its cost-effectiveness, easy production, accuracy, and 

sensitivity. 

2.9. Rapid detection kits.  

Currently, the researcher at the World Nano Foundation successfully developed a rapid 

nano-gold test to screen out the COVID-19 positive cases. This nano-gold kit based on 

IgM/IgG antibody assay and takes less than 15 minutes to produce the results [48]. It is user’s 

friendly and does not require costly instruments like PCR (polymerase chain reactor). This 

nanotechnology-based testing kit has a great potential benefit for the quick screening of 

COVID-19 infections. Further, the CE mark certification has already been issued to the kit. 

More such efforts are required by the nanotechnology research community to develop other 

effective kits, which not only be cheap but can also provide accurate results in a few minutes. 

These gaps/targets are important for nanotechnology community researchers/scientists to 

visualize, understand, and, perform research in this direction. 

3. Conclusions 

 The Covid-19 infection and its rapid spreading in the whole world concentrate on 

making stronger their healthcare system. Many research grants may be opens for diagnosis and 

treated this pandemic Covid-19 globally. Many scientists, researchers, and technical persons 

are capable of doing research against this pandemic Covid-19. The molecular biologists, 

biochemists, chemists, data scientists, AI scientists and so many allied field researchers/ 

scientists are very important at this time. However, being at a nano-range, nanotechnology can 

develop or enhance the effect of any already developed technology. Therefore the role of 

nanotechnologists is very crucial, right from prevention, diagnosis, and treatment of COVID-

19. Various nano-scale drug delivery systems employing nano-capsule, biomagnetic 

nanoparticle, quantum dots, nanotubes, polymeric nanoparticles, provide a slow-release and 

targeted delivery of the required drug.  Metallic nanoparticles, especially AgNPs, has already 

shown efficient antiviral activities. Therefore the surface coating of these nanoparticles in 

https://doi.org/10.33263/BRIAC111.82338241
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.82338241  

 https://biointerfaceresearch.com/ 8239 

different materials like masks, medical devices, gloves, and other protective materials could be 

useful in the prevention of viral spread. Further, it has been reported that nanoparticle can 

efficiently interact with biomolecules, i.e., DNA and proteins, therefore employing 

nanoparticle in diagnosis, provides quick, sensitive, and accurate results. 
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