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INTRODUCTION

Corona virus infectious disease 19 (COVID-19) is a seriously alarming pandemic (https://www.who.int/emergencies/diseases/novel-coronavirus-2019). As of 13th June 2020, about 7,495,164 confirmed cases and 421,976 confirmed deaths have been reported globally by the World health Organization (WHO) (https://www.who.int/emergencies/diseases/novel-coronavirus-2019). During this crisis, health care providers (HCPs) are at the front line, exerting enormous efforts and facing great challenges in the battle to fight COVID-19 (Xiong and Peng, 2020). An interesting study in The Lancet Global Health journal, by Qian Liu and colleagues, highlighted the experiences of HCPs during the COVID-19 crisis in China, which by the way also provides a picture of the challenges faced by the HCPs all over the world during the COVID-19 outbreak. In that study, the authors emphasized that the high risk of infection and insufficient personal protective equipment are among the main causes of enormous pressure on HCPs during the outbreak (Liu et al., 2020). Undoubtedly, safety of HCPs is of crucial importance, and ensuring their safety will ensure efficacy in crisis management and COVID-19 containment.

The severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) is an enveloped positive-stranded RNA virus which causes COVID-19 (Gorbalenya et al., 2020). In fact, breathing and talking of an infected person, produce numerous aerosol particles which pose a threat of infection if they are inhaled by nearby close persons (Meselson, 2020). Moreover, a contact hazard usually develops since these particles might settle on surfaces, and remain viable/infective for several hours (van Doremalen et al., 2020). In other cases, these particles could be too small to settle and remain dispersed by air turbulence, posing an inhalation threat even at considerable distances (Meselson, 2020). Consequently, these observations highlight the crucial importance of providing adequate personal protective equipment and clothes especially for the HCPs while taking care of COVID-19 patients.

Careful consideration for the structural features of SARS-CoV-2 will provide insights for better therapeutic as well as protective measures to combat COVID-19. Basically, the SARS-CoV-2 has four major structural proteins: the spike (S) protein, the envelope (E) protein, membrane (M) protein, and the nucleocapsid (N) protein (Schoeman and Fielding, 2019; Kang et al., 2020; Ou et al., 2020). Like other RNA viruses, SARS-CoV-2 consists of a negatively charged RNA enveloped inside a positively charged capsid that holds this genetic material firmly and plays a very important role in the virus infectivity (Belyi and Muthukumar, 2006; Hu et al., 2008; Forrey and Muthukumar, 2009).

Knowing that the particle size of the virus was reported to be in the range of 70–90 nm (Kim et al., 2020). Therefore, SARS-CoV-2 is considered a colloidal particle and a nanoparticle, specifically, and hence likewise all the colloidal particles, it carries a zeta-potential which in this case as previously mentioned is mostly assumed to be a positive one, primarily due to its capsid (Forrey and Muthukumar, 2009).

Luckily, the previous knowledge about corona-viruses helped the scientific community to achieve rapid progress in understanding SARS-CoV-2, however much remains unknown, and its biology is still far from complete elucidation and new discoveries and findings are emerging every day (Andersen et al., 2020; Gorbalenya et al., 2020). For example, it's noteworthy in this context to mention that novel polybasic (arginine rich) motifs, imparting a positive zeta potential at the physiological pH, have been identified in the spike protein of SARS-CoV-2, which seems to be a distinguishing unique feature compared to several previous SARS-related sequences (Jaimes et al., 2020). These motifs were reported to play important role during the process of SARS-CoV-2 entrance to host cells together with implications on virus infectivity (Hoffmann et al., 2020; Jaimes et al., 2020).

In this context, we introduce an opinion that could serve health-care providers by exploiting positively charged polymers such as chitosan in order to prepare nanofibers possessing a positive zeta-potential which can be incorporated in the personal protective clothes (fabrics) of the health-care providers and could lead to the electrostatic virus repulsion and hence decrease the viral load around those health-care providers.

The produced nanofibers are either directly electrospun into membranes or fabrics or can be integrated in protective clothes by physical adsorption and adhesion to the clothes material thanks to their very high surface area (Baji et al., 2020).



WHY CHITOSAN?

Chitosan is a natural cationic polysaccharide that exhibits many remarkable properties such as biocompatibility, biodegradability, non-toxicity, hemostatic and bio-adhesiveness and penetration enhancing properties (Abdel-Hafez et al., 2014, 2018). Moreover, chitosan has remarkable anti-microbial properties in addition to being abundant and in-expensive (Qi et al., 2004; Abdel-Hafez et al., 2018). It is worth noting, that quaternized chitosan such as the oldest form N,N,N-trimethyl chitosan (TMC) or the most recently prepared derivatives; the single N-quaternized (QCS) and the double N-diquaternized (DQCS) chitosan derivatives, possessing more positively charged amino groups can give better viral repulsion results. However, for large-scale production purposes, we propose to use chitosan due to its wide-abundance and availability rather than its derivatives that warrant long chemical synthesis schemes for their production (Farid et al., 2014; El-Marakby et al., 2017; Luan et al., 2018; Abdelhamid et al., 2019).



WHY ELECTROSPINNING?

The electrospinning technique provides non-wovens to the order of few nanometers with large surface areas, ease of functionalization for various purposes and superior mechanical properties. Also, the possibility of large scale productions combined with the simplicity of the process makes this technique very attractive for many different applications. The biomedical field is one of the important application areas among others utilizing the technique of electrospinning whether for drug delivery or for protection or prophlaxis purposes (Agarwal et al., 2008).



WHY NANOFIBERS?

Electrospinning has several merits of simplicity, high efficiency, low cost, and high reproducibility. Electrospinning was first invented as a patent to produce continuous fibers in 1934. Since this date, high attention was given to this valuable technique and its applications. Compared to conventional fibrous structures, nanofibers are lightweight with small diameters in the nano range, controllable pore structures and high surface-to-volume ratio. These remarkable properties make them ideal for use in a wide array of applications such as filtration, sensors, protective clothing, tissue engineering, functional materials, and energy storage (Cai et al., 2012).



PROPOSED METHOD OF THE CHITOSAN NANOFIBERS INCORPORATION INTO TEXTILES AND FABRICS

A straight forward and a simple approach of incorporating electrospun fibers into textile involves electrospinning the fibers directly on the surface of the textile or fabric to obtain a composite fabric. This approach of depositing fibers on the surface of the fabric is considered highly economic and reduces the number of manufacturing steps and therefore is appropriate for mass production (Vitchuli et al., 2010). Increasing the bonding efficiency of the deposited nanofibers and the fabrics or textiles can be achieved through several techniques whether thermal, through the deposition of several dense layers, needling and hydro-entanglement or through the use of an adhesive (Midha and Dakuri, 2017). Furthermore, the electrospun chitosan nanofibers were successfully mass produced and its large-scale production was previously reported through a Force spinning technology® (Zhang et al., 2008; Xu et al., 2014).

Figure 1 presents a schematic summary of the proposed idea.
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FIGURE 1. A schematic presentation for the idea of incorporating positively charged chitosan nanofibers in the personal protective clothes/fabrics of the health care providers, and how such modality can help to decrease the viral load around the health care providers, and hence enhance their protection, and safety during the current COVID-19 crisis.
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