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The outbreak of the COVID-19, a human beta coronavirus severe acute respiratory syndrome (SARS-CoV-2) virus infection, has severely affected the world. The pandemic is not yet in full control due to a lack of rapid diagnostics and therapeutics. This viral infection continues to result in a steadily increasing loss of life, and it has also emerged as a significant global socio-economic burden. As result, it has united many countries for the purposes of exploring molecular biology, biomedical science, and the nanotechnology to manage COVID-19 successfully. As of today, the current priority is to investigate novel therapies of high efficacy and smart diagnostics tools for early-stage disease diagnostics along with monitoring. Keeping these advancement and challenges in mind, this perspective article mainly highlights the contribution and possibilities of bio-nanotechnology to manage the COVID-19 pandemic, even in a personalized manner. Authors also pinpoint barriers to the utilization of current bio-nanotechnology to facilitate a more accurate understanding of COVID-19 and to lead the way toward personalized health and wellness. Furthermore, we follow the discussion of the features and challenges in upcoming bio-nanotechnology approaches for COVID-19 management. In this progressive option report, bio-nanotechnologies that have been enriched with the power of artificial intelligence and optimized at the personalized level have been found to lead to a sustainable treatment and cure strategy at a global population scale.
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INTRODUCTION

In late December 2019, a considerable number of patients exhibiting respiratory symptoms were admitted to hospitals and healthcare facilities in the city of Wuhan, China. The initial assessment of this outbreak suggested that it was an isolated incident, but the increasing rate of hospitalization that ensued, even after prescribing malaria-specific treatment (Morales-Narváez and Dincer, 2020; Mujawar et al., 2020), took health experts by surprise. Following a multi-dimensional analysis of the symptoms and infection progression, physicians claimed this new respiratory outbreak might be due to a coronavirus infection. This infection appeared to be different compared to previously investigated coronavirus outbreaks, namely, SARS (associated SARS-CoV-1 virus) and middle-east acute respiratory syndrome (MERS), because of a new virus strain, i.e., human beta severe acute respiratory syndrome (SARS-CoV-2) (Rothan and Byrareddy, 2020; Shereen et al., 2020). The infection associated with the SARS-CoV-2 virus infection was then named COVID-19. This COVID-19 viral infection outbreak was later declared to be an international health emergency; soon after, it was further declared a pandemic by the World Health Organization (WHO), as SARS-CoV-2 dramatically affects the respiratory system, which can be lethal (Nadeem et al., 2020). Additionally, experts have suggested that the COVID-19 pandemic is very challenging for manage due to the ease of human-to-human transmission and rapid uptake of SARS-CoV-2 by human cells (Mujawar et al., 2020).

The SARS-CoV-2 virus structure is novel (70–80% similar to SARS-COV-1) because of the excessive presence of a spike protein (S1) and envelop protein (Figure 1A); this makes this virus more sensitive to the host cell receptors, i.e., ACE-2 enzyme and TMPRSS protein (Kim D. et al., 2020; Wrapp et al., 2020). The observed easy binding of the SARS-CoV-2 S1 protein with cell receptors (ACE-2 and TMPRSS2) causes rapid viral replication that leads to severe health-related complications. Along with respiratory-related difficulties, reports have recently emerged about SARS-CoV-2 damaging other organs such as the kidney, liver, lung, intestine, and brain. Experts have demonstrated that organs and various human processes that are also in the presence of the ACE-2 enzyme and TMPRSS protein would undoubtedly be affected by the SARS-CoV-2 virus (Scudellari, 2020; Wadman et al., 2020).
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FIGURE 1. Illustration of SARS-CoV-2 virus structure with active sites useful for diagnostics tool and therapeutic development (A, Source: Biosensors and Bioelectronics 2020) and the significance of using a mask, as it inhibits aerosol inhalation to protect everyone in every circumstance (B, Source: Science 2020) and avoid SARS-CoV-2 virus spread via human-to-human interaction.


As of July 7, 2020, COVID-19 has affected around 10 million people in 220 countries, 30% of which are in the USA alone. The regulations and guidelines suggested by health agencies have been more focused on avoiding human-to-human contact, which affects travel, transportation, and everyday working systems (Mujawar et al., 2020; Prather et al., 2020). The successful implementation of this advice has resulted in staying at home, quarantine if exhibiting symptoms, population tracing, and increased awareness of SARS-CoV-2-related consequences. Besides, significant efforts have been made to explore treatment using available anti-viral drugs related to HIV, ZIKA, Ebola, and malaria-related infectious diseases. Use of personal protection measures as an approach that can be adopted by an individual has also emerged as a solution to control the spread of SARS-CoV-2 in the form of obeying physical/social distance, good hygiene practice, and using a mask. With focus on SARS-CoV-2 spread via human-to-human contact, it was suggested that diagnostics of COVID-19 infection via detection of SARS-CoV-2 is crucial to managing disease progression and determining appropriate therapeutics.

For the successful management of COVID-19, experts have projected bio-nanotechnology as the best scientific tool to investigate novel approaches to accomplish the following: (1) avoid COVID-19 transmission successfully; (2) detect SARS-CoV-2 virus protein selectively at the early stages of infection; (3) hinder SARS-CoV-2 virus progression; and (4) eradicate SARS-CoV-2 virus selectively. The design, development, and execution of a systematic approach must involve experts of various disciplines to achieve this. The process involves an investigation into bio-nanotechnology-assisted novel nano systems to fabricate personal protective equipment (PPE), diagnostics tools, and therapeutics. The existing biotechnologies currently utilized in the management of COVID-19 for either PPE, diagnostics, or therapeutics are summarized below.



BIO-NANOTECHNOLOGY TO DESIGN NOVEL PPE FOR COVID-19 MANAGEMENT

The SARS-CoV-2 virus structure and functional mechanism was novel when it was first characterized, and a lack of validated biomarkers has made the testing process and therapeutic invention very challenging (Nadeem et al., 2020). In the early stages of the COVID-19 outbreak, efforts were primarily concentrated toward managing the spread of infection by exploring appropriate precautions, testing systems, and therapeutics (Mujawar et al., 2020). While urgently needed, developing a rapid testing kit and effective therapeutics is a time-consuming process (Morales-Narváez and Dincer, 2020). In such scenarios, experts have suggested that we to pay full attention toward controlling the SARS-CoV-2 virus spread via avoiding human-to-human contact, using a mask, and exploring the possible modes of SARS-CoV-2 virus interaction with the human system (Figure 1B).

The guidelines issued by health agencies have thus prioritized the maintenance of good hygiene (mainly washing hands, as liquid soap breaks down the bond between the virus and wax on the skin). Emphasis has also been put on raising awareness on how to maintain social and physical distance. The need for physical distance has increased the demand for the development and production of PPE to cover the body, and this is mainly recommended for healthcare workers in hospitals and health care facilities. Wearing effective masks was also recommended as an essential tool to be safe while working in various condition involving patient care and testing. Masks should be compatible with humans and have the ability to trap and eradicate SARS-CoV-2 virus proteins (Konda et al., 2020; Leung et al., 2020; Prather et al., 2020; van Doremalen et al., 2020).

To accomplish this, bio-nanotechnology plays a crucial role in the development smart functionalized biocompatible nanostructures with high antibacterial and antiviral capabilities. Such nano systems are being used as a coating material to design and develop next-generation PPE to combat the COVID-19 pandemic (Konda et al., 2020). Using masks is doable for most people, and it has been confirmed to be a manageable and effective method of prevention. Several studies have confirmed that wearing a mask reduces the number COVID-19 cases in several regional and working environments (Prather et al., 2020; van Doremalen et al., 2020). These outcomes have also been supported by findings that the SARS-CoV-2 virus may be airborne (Lewis, 2020); it is very active in aerosol form and viable on various substrates, which are a part of everyday life (van Doremalen et al., 2020). In any environment, the SARS-CoV-2 virus is known to be viable on various substrates and micro-environments containing appropriate heat and moisture. A shield is thus required to avoid SARS-CoV-2 virus inhalation, and such a shield could be an efficient mask with nanoparticles where the SARS-CoV-2 virus is not viable.

Recently, it has been demonstrated that the SARS-CoV-2 virus is not viable on Cu surfaces and loses functional activity at a temperature higher than 40°C (van Doremalen et al., 2020). Besides stimuli-responsive nanoparticles, the photosensitive TiO2 nanoparticle has also exhibited the degradation of bacteria and viruses upon application of optimized stimulation (Vatansever et al., 2013). Keeping this in mind, efforts are being made to design and develop mask-embedded nanoparticles that can trap and eradicate the SARS-CoV-2 virus. Presently, the outcomes of several research studies have confirmed that a selection of a mask fabrics (for example, cotton, silk, and a combination of fibers) and heat- and light-sensitive nano systems (single system or hybrid nanocomposite) are critical factors to the development of an active mask to combat COVID-19 (Mujawar et al., 2020).

However, the anti-viral activity of such a mask has not been reported so far due to a lack of optimized cell types and research infrastructure (BSL-3 Laboratory), which should certainly be an area for future study, but its utilization has certainly reduced SARS-CoV-2 virus spread.



BIO-NANOTECHNOLOGY BASED COVID-19 DIAGNOSTICS IN PERSONALIZED WAY

The life-threatening COVID-19 pandemic is very challenging, mainly due to a lack of rapid testing kits for selective detection of the SARS-CoV-2 virus (Morales-Narváez and Dincer, 2020; Mujawar et al., 2020). In the beginning of the outbreak, a biomolecular assay, mainly RT-PCR, was the primary method of COVID-19 diagnostics. The diagnostic performances of these assays are outstanding, but the need for a well-equipped laboratory and expertise to perform testing limits their application. The detection of the SARS-CoV-2 virus protein is crucial for understanding infection progression, evaluating the efficacy of the prescribed therapy, making a timely decision to optimize therapeutics, and ultimately managing the COVID-19 pandemic. Furthermore, asymptomatic carriers of COVID-19 infection are another serious challenge because this virus can stay in a healthy human without showing any symptoms. The probability of SARS-CoV-2 virus spread varies significantly, and, at the same time, false-positive reporting of biomolecular assays has raised more challenges (Morales-Narváez and Dincer, 2020; Mujawar et al., 2020; Yan et al., 2020).

Based on the opinion of health experts, managing the COVID-19 pandemic is a subject of SARS-CoV-2 virus detection on a mass scale. The possibility of testing a large population is more relevant to big cities and urban areas, and it was thus recommended that we investigate a novel, selective, and affordable analytical system to detect SARS-CoV-2 (Mujawar et al., 2020; Seo et al., 2020). Such smart diagnostic systems are not only required for COVID-19 diagnostics but also for generating the bioinformatics required to understand the disease progression and correlate the virus level with its pathogenesis (Allam and Jones, 2020; Cheng et al., 2020; Cohen et al., 2020; Mujawar et al., 2020).

Rapid testing of a large populations in cities and remote areas demands the exploration of potential solutions that involve state-of-the-art bio-nanotechnology (Kaushik and Mujawar, 2018; Kaushik, 2019) with a high performance and reduced form factor. The introduction of bio-nanotechnology to COVID-19 management is mainly based on selecting a nano system (useful to immobilize appropriate bioactives with the best functional structure) and bioactives capable of detecting SARS-CoV-2 virus selectively. Such of compartmentalization-based approach is the foundation of fabricating a nano-enabled miniaturized biosensor for SARS-CoV-2 virus protein detection, even at the site of epidemic outbreak and high-alert areas. Recently, various nano-enabled SARS-CoV-2 biosensors based on the flied-effect-transistor (FET), dual responsive photo-plasmonic, and specific gene sequence principle have been fabricated for the applications related to COVID-19 diagnostics (Ishikawa et al., 2009; Broughton et al., 2020, p. 12; Qiu et al., 2020). These sensors are capable of testing real samples for clinical application.

We also believe that a miniaturized SARS-CoV-2 virus-sensing system is supported by advanced electronics and the internet of things (IoT) technology in relation to the performance of COVID-19 diagnostics for point-of-care (POC) application. The POC diagnostics of the COVID-19 pandemic were proven to be useful when generating the bioinformatics desired to correlate infection progression with race, gender, age, and region. These analytics encourage new ways to optimize the combination of the available drug to decide an appropriate therapy. Such desired testing and analysis have increased the demand for the involvement of computational studies to analyze, generate, store, and share the bioinformatics.

As illustrated in Figure 2, SARS-CoV-2 virus sensing using nano-enabled sensors supported by AI and the IoT have become essential to COVID-19 pandemic management (Mujawar et al., 2020). Such an advanced COVID-19 diagnostics strategy has potential not only for clinical set-up, but it also has the ability to perform targeted testing and tracing of patients that are asymptomatic carries and/or discharged patients who may have the chance to become reinfected with SARS-CoV-2. It has been reported that the SARS-CoV-2 virus can stay in the human body for longer—around 21 days has been reported (Cheng et al., 2020)—and a real-time sensing of this virus has thus also been suggested to be essential, and this can be achieved using AI- and IoT-supported nanosensors (Mujawar et al., 2020). The integration of AI within an analytical system would enable the following: predicting whether a region is safe or not, assessing when someone need to quarantine, suggesting how to manage social distance, sharing information with a medical center, suggesting how to access telemedicine, etc. These sensing systems are also in demand to use to design and develop therapeutic agents to combat the COVID-19 pandemic.
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FIGURE 2. Nano-enabled biosensing system for SARS-CoV-2 detection, a bottom–top approach, showing the efficient integration of artificial intelligence and internet of things for the purposes of personalized COVID-19 management.




BIO-NANOTECHNOLOGY TOWARD NANOTHERAPIES FOR COVID-19 MANAGEMENT

Since the COVID-19 pandemic was declared as an international health emergency, significant efforts have been made to design and develop novel therapeutic agents to recognize and eradicate the SARS-CoV-2 virus (Li and De Clercq, 2020). Such agents are urgently required to combat against COVID-19. Experts are therefore exploring all the possible structures and strains of SARS-COV-2 virus protein. This information necessary in order to investigate active sites of the SARS-CoV-2 virus, and this is a requirement when trying to develop an efficient drug, vaccine, and therapeutic agent to combat against COVID-19 selectively. Based on recent investigations (Kaushik et al., 2014, 2016a,b, 2017, 2018c), sincere efforts have been made to explore SARS-CoV-2 virus-related pathogenesis and its probable effect on human systems. It has been found that the SARS-CoV-2 virus can stay in the human body for as long as 21 days, and it can affect the respiratory system, which in turn can damage other organs and alter functional systems within the human body. Such challenging consequences have increased the demand for effective and efficient therapeutic agents. It is suggested that such new agents perform targeted and long-term efficacy with negligible side effects (Chan, 2020; Hu et al., 2020). The design and development of such therapeutic cargo are possible through the exploration of an optimized bio-nanotechnology, i.e., nanomedicine to combat the COVID-19 pandemic (Kaushik, 2019).

Nanomedicine (size ranging from 10 to 200 nm), pharmacologically relevant therapeutic cargo, has shown a significant accomplishment in management of targeted diseases, such as, for example, cancer and viral infections (Nair et al., 2016; Kaushik et al., 2018a,b). It has been suggested that if scientists can investigate a therapeutic agent against the SARS-CoV-2 virus then it is site-specific delivery that will be a challenge. This site-specific delivery of an optimized therapeutic agent and controlled release and maintenance of the therapeutic agent has a vital role in the possible management of COVID-19 (Nair et al., 2016; Kaushik et al., 2018b, 2019a; Vashist et al., 2018).

Optimizing bio-nanotechnology is necessary to the development of nanomedicine against SARS-CoV-2 to manage the COVID-19 pandemic. As we know, the SARS-CoV-2 virus strain variation is dependent on various categories, mainly personal medical history, which makes the optimization of a therapy challenging. Exploring precision nanomedicine can be another way to control COVID-19 infection in a personalized fashion and is possible via investigating bio-nanotechnology and nanomedicine, designed and developed for personalized health wellness.

In line with our earlier work in the development nanomedicine for neuro HIV/AIDS management (Kaushik et al., 2019b), we suggested that the SARS-COV-2 virus can be up-taken by a specific cell because it can securely bind with this virus and cell surface receptors (Hu et al., 2020). Then, the SARS-CoV-2 virus hijacked cell bio-functionality to create more and more SARS-COV-2 virus copies, and over time, this virus severely affects the respiratory system of humans. The SARS-CoV-2 virus also affects other bodily functions and damages various organs. Future therapy for COVID-19 should thus also be developed to support the immune system as well. Developing an effective therapy for COVID-19 will therefore be a compartmentalization-based approach that will recognize and eradicate the virus and provide support for quick recovery.

Presently, Dr. Hu has explained the mechanism of chloroquine, an anti-malarial drug, against the SARS-COV-2 virus (Hu et al., 2020). The research suggested that viruses of a nanoparticle size ranging from 2 to 60 nm can adopt the conventional approach of cell-uptake. Thus, developing bio-compatible nanoparticles, which can act as inhibitors, is a viable approach to combating infection. Besides, developing various drugs, vaccines, genes, and antibodies that can knock down the SARS-COV-2 virus is the ultimate objective of experts. The selection of such agents and maintaining their functionality in the human body is very challenging. Moreover, a high dose of these agents due to off-targeting may cause several side effects, which can be worse than SARS-COV-2 virus infection. As a recent development, microneedle array (MNA)-based recombinant coronavirus vaccine delivery has been demonstrated by Kim et al. In this research, the coronavirus S-1 subunit vaccine used a MNA to elicit antigen-specific antibody responses, which was observed in the beginning of 2 weeks after immunization (Kim E. et al., 2020). However, developing such immunotherapy for the clinic is a motivational approach (Kim E. et al., 2020)

These obstacles can be overcome if we can deliver an optimized therapeutic agent at a targeted site with control over the drug release as per patient disease progression. These essential tasks can be achieved via introducing nanomedicine fabricated using a stimuli-responsive nano system, and an optimized therapeutic agent can be developed to combat SARS-COV-2 virus-associated symptoms. Such therapeutic cargos (as illustrated in Figure 3) with tunable drug payload and controlled drug release features can eradicate the SARS-COV-2 virus. Based on patient medical history, nanomedicine can be prepared to achieve maximum efficacy and the least amount of adverse effects. Personalized health management in the case of the COVID-19 pandemic is thus possible through the adoption of nanomedicine as a future therapy. Such approaches, however, are still in the early stages of development, and they need public-private involvement to conduct systematic research, followed by FDA approval, before they can be promoted for clinical application.


[image: Figure 3]
FIGURE 3. Bio-nanotechnology supported the nanomedicine approach to combat the COVID-19 pandemic.




VIEWPOINT AND CONCLUSION

This perspective article summarizes the potential of bio-nanotechnology to combat the COVID-19 pandemic through the avoidance of virus transmission, selective detection of the SARS-COV-2 virus, and novel therapies that can recognize and eradicate the SARS-COV-2 virus with negligible side effects. Successful efforts have been made to demonstrate the capacities of bio-nanotechnology to handle the COVID-19 outbreak in a personalized manner. Bio-nanotechnology-assisted approaches have successfully investigated novel and smart nano systems needed to develop effective masks, efficient diagnostics tools, and therapies of higher efficacy. Following advancements in bio-nanotechnology, the impact and effect of the SARS-COV-2 virus upon the major organs of interest and behavioral aspects have been successfully explored.

Such accomplishments are, however, very motivational at the preliminary stage but cannot be recommended for global use because of the variables found within populations, including region, race, gender, and age. The battle against COVID-19 will therefore be a personalized one and requires the help of technology, principally an integration of bio-nanotechnology and computational intelligence. Future research must involve massive private-public partnerships and should be directed toward introducing AI-enabled bio-nanotechnology in every aspect of SARS-COV-2 virus-related investigation. An enormous amount of data and biological samples are being collected, which facilitates data analytics as well as data-driven and evidence-based planning for COVID-19 management. In brief, AI-enabled bio-nanotechnology optimized for personalized prevention and treatment can pave the way to a population-based cure.

Taking this into consideration, we request that experts initiate a multi-disciplinary project where bio-nanotechnology, integrated with artificial intelligence, can be implemented on the IoT platform and used in a reduced form factor (least adverse effects but maximum desired effects) to develop effective and affordable technologies and therapies to combat the SARS-COV-2-associated COVID-19 pandemic.
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