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Abstract 
The coronavirus disease 2019 (COVID-19) pandemic has been at its worst 
and the world is fighting to help global public health. In this aspect the role 
played by polymers and polymeric materials including plastics as the main 
material in medical devices, personal protective equipment for health care 
workers is huge. Advantages like mass production, lower cost and possibili-
ties for sterilization and disinfection of the plastic materials make them an 
inevitable material in healthcare sector. Apart from plastics, anti-viral and 
anti-microbial coatings, polymeric nanocomposites and functional polymers 
have been introduced as a helping tool against COVID-19. This review fo-
cuses on the application of polymers, and polymeric materials in COVID-19 
pandemic. Usage of plastics and its applications in healthcare and related 
sectors have been reviewed. The major challenges faced and future prospects 
on the usage of polymers have also been discussed. 
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1. Introduction 

The coronavirus disease 2019 (COVID-19) pandemic is an unprecedented global 
crisis that, by many calculations will have a deep and devastating economic and 
social impact on the scale of the Great Depression. 

This crisis gave plastics a major image makeover amongst consumers; there is 
now a widely held outlook that plastic products are safer and cleaner than the 
recycled and reusable solutions being touted earlier and are at the forefront of 
the fight to contain the spread of contagion. Gone are the days when plastics will 
be spoken of only in terms of environmental leakage and a ban. Plastics will also 
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benefit from increased spending on household cleaning, hygiene, and personal 
protection products, as well as higher domestic food consumption from a more 
home-based life. However, because this crisis will also cause deep destruction of 
personal wealth and economic uncertainty, consumers will also reduce discre-
tionary spending on leisure, entertainment, travel and tourism, and eating out, 
which will impact related plastics consumption. Apart from these areas of the 
economy, major sectors including automotive and white goods will also face 
tremendous headwinds. 

Protective garments used by health workers such as mask, caps, goggles and 
gowns are generally made from plastics and are used by health professionals in 
such outbreaks to reduce the risk of infection as it works as a barrier from bacte-
ria and virus. The disposable plastic syringes have completely replaced alterna-
tive options. So far there are no alternative material has proven at par with the 
ease of utility and economics of all these varieties of medical grade plastics. 

Plastics are valued in healthcare because of their versatility, sterile nature, and 
safety for patients and providers, cost effectiveness, ease of use, and utility in 
new applications and solutions. There is an almost endless list of medical appli-
cations for plastics as shown in Figure 1. Plastics will continue to offer excep-
tional solutions in the future [1]. With increasing use of plastics in healthcare 
industry, the government and regulators should enforce right disposal and recy-
cling practices to avoid contamination and spread of COVID-19 infection. 

2. Plastics Used in Personal Protective Equipment (PPE) 

The capital of Hubei province in China, Wuhan, became the center of an outbreak  
 

 
Figure 1. Plastics in medical application. 
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of pneumonia of unknown cause in December 2019 [2]. This outbreak of pneu-
monia was the emergence of the novel coronavirus (SARS-CoV-2 later named 
coronavirus disease 2019 or COVID-19) and continues summing cases in every 
continent in only a few months. The World Health Organization (WHO) situa-
tion report 58 [3], indicated that, as of the 18th of March, there had been 191,127 
confirmed cases and 7807 deaths around the world. Due to its significant impact, 
the emergence of this novel coronavirus has been declared a pandemic. The ex-
ecutive governmental branch of the U.S. has recently invoked the Defense Pro-
duction Act to increase the domestic production of medical supplies necessary 
for fighting the current pandemic [4] [5]. 

Health regulatory bodies worldwide like Indian Council of Medical Research 
(ICMR), WHO and United States Centers for Disease Control and Prevention 
(CDC) have laid down strict protocols to be followed by healthcare workers. 
They chiefly consist of using personal protective equipment (PPE) like masks, 
respirators, gloves, coveralls, safety goggles, face shields, foot cover and hair 
cover. Amazingly, all these PPE are made of plastics. A variety of plastics in-
cluding some commodity and some engineering plastics like low density polye-
thylene (LDPE), polypropylene(PP), polyvinyl chloride (PVC), nylon, polyethy-
lene terephthalate (PET) and polycarbonate (PC) are used to make various PPEs. 
In the last few days, plasma transfusion from COVID recovered patients has 
been found to help in the treatment of infected patients. This blood plasma is 
collected from recovered patients using the process of plasmapheresis. Such 
membranes used for plasmapheresis are made up of polyethersulfone (PES), po-
lymethylmethacrylate (PMMA) or even PP [6]. Also, Tyvek™, a product made by 
Dupont consisting of flash spun high density polyethylene (HDPE) is widely 
used for making full body suits that cover head to toe for workers who are ex-
posed to highly contaminated environments. 

According to a study conducted by ASSOCHAM (Associated Chamber of 
Commerce) and Velocity, India is going to generate 775.5 tones of medical waste 
per day by the year 2022 at a Compounded Annual Growth Rate of 7% [7] [8]. 
Currently, 550.9 tones of medical waste are generated daily that are disposed off 
as per the Bio-medical Waste Management Rules—2016 (BMW—2016) laid 
down by the Ministry of Environment, Forest and Climate Change. These pro-
jections were made prior to the COVID-19 episode. It is only fathomable that 
the plastic bio-waste generation will surge several times due to its indispensable 
use during the COVID-19 crisis. A United Nations Environment Programme 
(UNEP) estimates about 0.5 kg of plastic bio-waste is generated per hospital bed 
per day during the COVID-19 crisis [9] [10]. 

3. Antimicrobial Polymers and Coatings 

The purpose of this invocation will likely be used to drive private businesses to 
increase U.S. production of Personal Protective Equipment (PPE) and other 
critical medical supplies and devices. The Food and Drug Administration (FDA) 
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reported that the COVID-19 outbreak would likely impact the medical product 
supply chain, including potential disruptions to supply or shortages of critical 
medical products in the U.S. [11] Additive manufacturing (i.e., 3D Printing) is 
uniquely well positioned to support the shortage of critical medical devices [11]. 
Advancements in additive manufacturing techniques and development of anti-
microbial polymers, offer the possibility of printing and customizing a wide 
range of medical devices. 

The critical limitation for the use of polymeric materials to additively manu-
facture critical medical devices is the material contamination by bacteria and vi-
ruses [12]. Previous investigations have shown strong evidence of the use of dif-
ferent forms of copper as a biocidal agent [13]-[19] and the use of copper nano-
composites to enhance the antimicrobial properties of polymers used in the de-
velopment of medical devices [16] [17] [18] [19] [20]. 

The development of an affective antimicrobial polymer for additive manufac-
turing seems increasingly critical due to the extensive use of polymers in the 
prototyping of critical medical devices. It has been suggested that the addition of 
nanoparticles of copper to polymers and the resulting antimicrobial properties 
have promising applications to the development of medical devices associated 
with bacterial growth. Furthermore, previous investigations have used copper 
nanocomposites to enhance the antimicrobial properties of polymers used in in-
jection moulding and additive manufacturing to develop medical devices. The 
strong biocidal effects of copper found by Holbrook et al., are supported by pre-
vious investigations that have examined the viral deactivation properties of cop-
per oxide particles infused in textiles. Borkow et al., found that the addition of 
copper oxide into respiratory protective face masks resulted in potent an-
ti-influenza properties against human influenza A (H1N1) and avian influenza 
(H9N2) without altering their physical barrier properties [21]. However, the use 
of commercially available antimicrobial materials and the implementation of 
printing specifications settings resulting infused extruded layers, can stop mole-
cules down to 0.000282 μm, significantly smaller than viruses, such as the virus 
associated to COVID-19 (0.03 ± 0.01 μm) [22]. The recent elaboration of ther-
moplastics blends with antimicrobial copper nanocomposites is a direct and 
practical approach to produce antimicrobial thermoplastics. The antimicrobial 
properties of copper, has been enhanced by two main factors. The first is reduc-
ing the size of the copper particles to the nanoscale (10 nm) increasing the vo-
lume of copper that can be added to a given solution or matrix as well as in-
creasing the total surface area of the particles releasing a higher amount of metal 
ions. The second is incorporation of copper nanoparticles into polymer matric-
es. Copper nanoparticles on a polymer structure present a stronger antimicrobial 
effect than microparticles or metal surfaces by facilitating the adsorption of mi-
croorganisms on the polymer surface triggering the diffusion of water through 
the polymer matrix. In turn, water with dissolved oxygen reaches the surface of 
embedded copper nanoparticles allowing the corrosion processes to take effect 
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by releasing copper ions. Copper ions reach the composite surface damaging the 
microorganism cell membrane allowing the metal ions to enter the cell and 
damage DNA, RNA, and other bio-molecules. The copper ions and associated 
hydroxyl radicals produce DNA denaturalization damaging helical structures. 
This DNA and RNA damage has been shown to deactivate viruses. Copper oxide 
affected free viruses, virions being formed within the cytoplasm of cells during 
the cell exposure to copper, and virions prior to their budding from the cells [23] 
[24] [25]. Thus, the unprecedented need for biocidal polymers during a pan-
demic and the high accessibility of additive manufacturing equipment and mate-
rials can drive the implementation of this technology to revolutionize the manu-
facturing of critical medical devices when the supply chain is insufficient. Thus, 
the use of additive manufacturing using antimicrobial polymers to develop reusa-
ble face masks can significantly reduce the viral load remaining on the mask pro-
tecting the end-users from contamination during prolonged mask wearing [25]. 

4. Anti-Viral Coating 

Literature survey shows that the nanoparticles of various metals and metal 
oxides like Zinc Oxide (ZnO) nanoparticles [26], Cuprous Oxide (CuO) nano-
particles [27], Silver (Ag) nanoparticles [28] [29], Nano-sized Copper (I) Iodide 
particles (CuI), Gold nanoparticles on Silica (Au-SiO2) nanoparticles and also 
some Quaternary ammonium cations are very promising to inactivate the virus 
and are well proven. The plausible ways of functioning of the doped nano active 
materials against COVID-19 viruses would be as follow: 
• As Ag nanoparticles have been reported to inhibit the replication of virus nuc-

leotides, the main mechanism of its being virulent. It binds to electron donor 
groups such as Sulfur, Oxygen, and Nitrogen commonly found in enzymes 
within the microbe. This causes the enzymes to be denatured thus effectively 
incapacitating the energy source of the cell and the microbe will quickly die; 

• The cationic silver (Ag+) might work to inactivate the SARS-CoV-2 by inte-
racting with its surface (spike) protein S based on its charge like it works in 
HIV, Hepatitis viruses, etc [29] [30]. 

5. Functional Polymers 

The Prep FilerTM is a new kit recently introduced by Applied Bio-systems for 
DNA extraction from a wide range of forensic samples. This kit was tested for 
the performance against other commonly used commercially available kits on a 
variety of real forensic casework samples: bloodstains on different substrates, 
washed bloodstains, semen stains, saliva stains, hairs, bones, tissues, nails, and 
prints after chemical treatments, skin swabs. The Prep FilerTM kit is a new sys-
tem developed for isolation of genomic DNA from a variety of forensic samples. 
It uses polymer-embedded magnetic particles, much smaller than other ones 
that offer a large surface area with higher and efficient DNA binding capacity 
resulting in a maximum DNA recovery [31]. 
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6. Polymer Nanocomposites and Nanomaterials 

Research on highly effective antiviral drugs is essential for preventing the spread 
of infections and reducing losses. Recently, many functional nanoparticles have 
been shown to possess remarkable antiviral ability, such as quantum dots, gold 
and silver nanoparticles, nanoclusters, carbon dots, graphene oxide, silicon ma-
terials, polymers and dendrimers. Despite their difference in antiviral mechan-
ism and inhibition efficacy, these functional nanoparticles-based structures have 
unique features as potential antiviral candidates. In [32] highlight the antiviral 
efficacy and mechanism of these nanoparticles. Nanotechnology has penetrated 
all aspects of virus research [33] [34] [35] [36] [37]. Firstly, nanotechnolo-
gy-based probes have been widely used in virus detection, leading to the produc-
tion of various biosensors and bioelectronics based on novel functional nano-
particles [38] [39]. Secondly, many nanomaterials have been prepared by using 
various virions and virus-like particles as templates [40] [41] [42] [43], making 
biocompatibility and biosynthesis methodology a focus in recent biochemical 
research. Thirdly, intensive endeavors have been devoted to the development of 
fluorescent nano-probes and their applications in research of the molecular me-
chanism of virus-infected cells [44] [45] [46]. Finally, more and more functiona-
lized nanoparticles have been reported as highly potent inhibitors of viral proli-
feration. Since the first three research areas have been summarized and reported 
as shown in Table 1 [47], this focuses on the inhibitory effect of functional na-
noparticles on viruses and the related mechanisms [47]. 

7. Nanotech Coating for Mask Fabric 

The coronavirus, it turns out, is no different. Curran, a professor of physics at 
the University of Houston who is well-known for his work commercializing  

 
Table 1. Typical antiviral mechanisms for nanoparticles [47]. 

Nanomaterials Virus Mechanism 

Graphene oxide 
Respiratory syncytial 

virus 
Directly inactivate virus and inhibit attachment 

Nanogel PRRSV Shield attachment and penetration 

Silver nanoparticle Herpesvirus Affect viral attachment 

Graphene oxide Herpesvirus Attachment inhibition 

Gold nanoparticles Herpesvirus Prevent viral attachment and penetration 

Nano-carbon Herpesvirus Inhibit virus entry at the early stage 

Silicon nanoparticles Influenza A Reduce the amount of progeny virus 

Ag2S nanoclusters Coronavirus Block viral RNA synthesis and building 

Copper oxide  
nanoparticles 

Zika virus As antigen micro carriers for Zk2 peptide of ZIKV 

Zirconia nanoparticles H5N1 Influenza virus Promote the expression of cytokines 

Zinc oxide nanoparticles H1N1 Influenza virus Inhibit virus only after viral entry into host cells 
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nanotechnologies, is using a hydrophobic coating he developed almost a decade 
ago to improve the ability of surgical masks to protect against transmission of 
the virus. “Standard masks are somewhat porous, and especially if they get wet, 
they can allow the virus to penetrate”, Curran said, noting that goes both 
ways—people infected with the virus could spread it even through a mask, while 
people who aren’t sick could still become infected, despite wearing a mask. Cur-
ran first launched a nanotechnology business in 2013; he currently has a com-
pany, Integricote, based at the UH Technology Bridge focused on manufacturing 
sealers for masonry, wood and concrete. But he has worked with nanotech coat-
ings for fabrics since 2011, technology that he now is using to demonstrate a way 
to provide more protection against SARS and COVID-19. 

A process of fabricating the waterproof coating may include selecting a sub-
strate, utilizing a sol-gel comprising a silane or silane derivative and metal oxide 
precursor to coat the substrate, and optionally coating the substrate with a hy-
drophobic chemical agent and/or other chemical agents to create a surface with 
nanoscopic or microscopic features. The process may utilize an all solution 
process or controlled environment for fabricating self-cleaning and waterproof 
coating that prevent wetting or staining of a substrate, or may utilize a controlled 
environment [48]. 
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