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Abstract: The COVID-19 pandemic has fuelled a global demand to establish novel diagnostic and 

treatment options, apart from the search for a vaccine. This, coupled with the need to mitigate the spread 

of infections, called for large-scale strategies, including alternative anti-viral methods, together with 

classical disinfection and prevention protocols. One such approach exists in the form of the essential 

micronutrient, copper. Copper surfaces have been observed to exhibit viral survival of fewer than 4 

hours, compared to cardboard, stainless steel, and plastic with an average survival time of 24 hours, 48 

hours, and 72 hours, respectively. Copper's natural ability to aid in the functioning of critical immune 

cells, including B cells, natural killer cells, T helper cells, macrophages, and neutrophils, make it a 

potential therapeutic agent against SARS-CoV-2, both internally and externally to the host. This anti-

viral property can be enhanced by the generation of copper nanoparticles for use in nanomedicine. 

Copper nanoparticles can generate reactive oxygen species that interfere with viral operations and 

disrupt the viral membrane. This review paper focuses on copper nanoparticles for favorable therapeutic 

outcomes, together with its targeted interaction with cells expressing the angiotensin-converting 

enzyme 2 (ACE2), for the treatment of COVID-19. 
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1. Introduction 

The outbreak of Coronavirus Disease 2019 (COVID-19) caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged as the latest threat impacting 

all citizens' global health.  This life-threatening disease has placed a critical strain on research, 

public health, medical communities, resources and has become an economic burden 

worldwide. The transition from a Public Health Emergency of International Concern, declared 

on the 30th January 2020, to a pandemic on 11th March 2020, resulted from a 13-fold increase 

in infected individuals and an increasing number of affected countries. With millions of 

infected individuals and a rising death rate, there is an urgency for further studies and treatment 

options to mitigate this disease. 

This novel strain of coronavirus (CoV), preceded by the severe acute respiratory 

syndrome (SARS)-CoV, and the Middle East respiratory syndrome (MERS)-CoV, primarily 

targets the respiratory system of infected individuals. Consequently, COVID-19 is associated 

with mild to severe pneumonia, progressing to Acute Respiratory Distress Syndrome (ARDS), 

which is the leading cause of mortality [1,2]. Molecular testing has been carried out with the 

WHO recommending specimen collections from the lower respiratory tract, including the 
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endotracheal aspirate, expectorated sputum or bronchoalveolar, and the upper respiratory tract. 

Diagnosis is also obtained via serological testing, laboratory examinations, and imaging [1]. 

Current treatment options rely on anti-virals and vaccines to curb the spread of the virus [2]. 

To date, no specific medicines or vaccines have been developed to prevent or treat COVID-19, 

with self-care through aggressive isolation measures being implemented, predominately, 

worldwide: novel and different approaches aimed at addressing COVID-19 needs to be 

thoroughly researched and established.  

One such approach is the exploitation of copper for its anti-viral properties, which was 

brought to light and widely utilized since the nineteenth century as a disinfectant [3]. The 

SARS-CoV-2 remains viable for up to 4 hours on solid copper compared to plastic and stainless 

steel. It has viability times from 2 to 3 days and cardboard for up to 24 hours [4]. In the body, 

copper is known to play a vital role in the immune system's maintenance and function via its 

ability to produce specific antibodies, aid in cell-mediated immunity, and kill infectious 

microbes. This is achieved through its involvement in the functions of neutrophils, 

macrophages, T helper cells, natural killer cells, and B cells [5]. With recent advancements in 

medicine, specifically in nanomedicine, novel treatment options may become available. 

Nanomedicine can be an attractive alternative to traditional medicine, exhibiting efficiency in 

its delivery, with the added advantage of low cost. Nanomedicine had sparked interest in 

clinical practice due to the use of nanoparticles (NPs) as delivery vehicles for gene and drug 

therapy, in addition to their diagnostic and therapeutic potential. Nanoparticles allow for the 

efficient transfer of genes and drugs with maximum efficacy, increased bioavailability, and 

target specific cells/tissue with controlled-release pharmacokinetics [6,7].  

Nanomedicine has recently advanced to formulate a novel treatment option, utilizing 

cellular membranes, presenting targeted proteins. This approach is contradictory to many 

others because it does not target the causative agents, thus focusing on the affected host cells 

instead. Upon membrane binding to the NP, the NP possesses the ability to express proteins 

that the SARS-CoV-2 virus requires for its infectivity [7]. These NPs or better described as 

nanosponges, absorb these viruses, thereby minimizing cellular infectivity and subsequently 

discouraging the CoV contagion as well [7].  

Hence, nanomaterials can be modified to be utilized in pharmacology for diagnostic 

purposes, together with the prevention, control, and targeted treatment of diseases [8]. With 

copper portraying anti-viral properties in its natural state, it can be hypothesized that exploiting 

this property at a nanoscale may result in more significant therapeutic outcomes. This review 

is thus aimed at exploring nanomedicine with an emphasis on CuNPs as a viable approach in 

the fight against COVID-19. 

2. SARS-CoV-2 

The SARS-CoV-2 virus took the world by storm, wreaking havoc in almost every area 

of the economic and health sectors. This single-stranded positive-sense RNA virus belongs to 

the family of Coronaviridae [9]. These viruses are naturally found as either pleomorphic, 

enveloped, or spherical particles, each ranging between 150 – 160 nm in size [10]. The virus  

(Figure 1) presents with a genome size of ~30 kilobases encoding essential viral proteins for 

successful entry into host cells, as a result of the spike glycoprotein (S), as well as to counteract 

the hosts immune responses via a viral suppressor protein of RNAi (VSR), expressed by the 

nucleocapsid protein (N) [10]. Epidemiologically, the SARS-CoV-2 shares a 93.1% identity 

with the bat coronavirus RaTG13 for the spike gene. 
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Figure 1. Schematic diagram of SARS-CoV-2. 

2.1. Mechanism of infection. 

Following subsequent preliminary studies based on full-length genomic phylogenetic 

analysis, the similarities between the SARS-CoV and SARS-CoV-2 viruses were identified, 

thereby aiding research into understanding their mechanisms of infection. The mechanism 

elucidated for SARS-CoV implicates subunits S1 and S2 of the homotrimeric spike 

glycoprotein to play a primary role in cellular invasion, starting from binding the glycoprotein 

to the cellular membrane and triggering a cascade of events. Binding of the virus is attained 

primarily via the Angiotensin-converting enzyme 2 (ACE2), a mechanism that has been 

previously elucidated. This results in the dissociation of S1 from ACE2, followed by the 

conversion of S2 from a metastable pre-fusion to a post-fusion state [11,12].  

Computer modeling of the SARS-CoV-2 virus portrayed the receptor-binding motif 

(RBM) role in the interaction between the spike trimer and ACE2 expressed on the host cells. 

The SARS-CoV-2 RBD is composed of a five-stranded, twisted, antiparallel β sheet (β1, β2, 

β3, β4, and β7), with the core structure being formed by short connecting helices as well as 

loops [13]. It had been elucidated that an extended insertion is found between the β4 and β7 

strands present in the core, which contains the short β5 and β6 strands, together with loops and 

the α4 and α5 helices. This includes the residues involved in the interaction between the ACE2 

protein and the SARS-CoV-2 [9]. The ACE2 proteins contain an N-terminal peptidase domain, 

each with two lobes, with the lower lobe involved in the interaction [14]. The successful 

interaction is visualized as a concave exterior surface of the RBM, which exhibits the ability 

to accommodate the N-terminal helix of the ACE2.  

2.2. Clinical manifestations.  

Clinical manifestations related to SARS-CoV-2 are non-specific to infected individuals, 

with some individuals being asymptomatic. In contrast, others present with mild to severe 

pneumonia, resulting in death [15]. As the virus progresses through the ACE2 proteins in the 

respiratory tract and moves towards the lungs, a significant increase in inflammation is noted, 

together with fluid intake into the air sacs or alveoli. Alternatively, cytokine storms play a 

crucial role in pneumonia manifestation, indicating a flared out immune response, causing 

apoptosis of healthy cells in the lungs, and allowing fluid intake [16]. Complications of 

COVID-19 infections include acute heart injury as well as Acute Respiratory Distress 

Syndrome (ARDS) [15].  
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In a recent study, the symptoms of COVID-19 were elucidated and ranked from the 

most to the least common manifestation. These symptoms included fever (98%), cough (76%), 

fatigue (44%), and myalgia (44%). Furthermore, atypical symptoms caused includes sputum 

(28%), headache (8%), hemoptysis (5%) and diarrhoea (3%) [17].  

2.3. Host defense and treatment.   

It is crucial that the host defense mechanisms against SARS-CoV-2 must be completely 

elucidated for an efficacious vaccine to be created. It has been understood that the host elicits 

both cell-mediated immune responses as well as humoral responses. The latter response was 

shown to produce effective antibodies against the S and N proteins of the SARS-CoV [18]. 

Although this response was seen to have a beneficial effect in fighting off COVID-19, the 

antibodies produced are short-lived and are thus deemed ineffective in some cases [19].  

As a result of the natural defense mechanism being unable to eradicate the SARS-CoV-

2, treatment options in the form of drugs and genes are thus imperative. Presently, there are no 

specific anti-virals and vaccines available to treat COVID-19, with treatment being 

administered to the symptoms presented. The initial step involves oxygen therapy; however, in 

complicated cases, non-invasive (NIV) and invasive mechanical ventilation (IMV) are 

recommended to treat respiratory failure, refractory to the initial oxygen therapy. 

3. Copper 

Copper (Cu) is an important trace element, which is absorbed in the small intestine into 

a plasma pool. This element plays a critical role in the function and maintenance of the immune 

system, specifically for B cells' functioning, natural killer cells, T helper cells, macrophages, 

and neutrophils [5]. Hence, Cu is essential in cell-mediated immunity and the production of 

specific antibodies in response to the infectious microbes. 

Following a study conducted by the US National Institute of Health (NIH), and as 

mentioned earlier, viral survival was shorter on Cu surfaces compared to cardboard, stainless 

steel, and plastic [4]. The effect of Cu is seen to be time and concentration-dependent, resulting 

in irreversible damage to the virus and destruction of the cell walls [20]. This action is achieved 

via three mechanisms: (1) disruption of the viral membrane and envelop, thus destroying the 

RNA of the virus, (2) providing interference to the essential proteins required for the virus to 

operate, and (3) generation of reactive oxygen species (ROS) which inevitably kills the virus, 

as demonstrated by the SARS-CoV [21-23].  

Furthermore, studies conducted based on inflammatory markers and Cu levels suggest 

that Cu plays a role in the fight against inflammation. This was seen by an increase in serum 

and liver Cu concentrations among adjuvant-induced arthritis in rats [24]. Although there is a 

lack of knowledge concerning the exact mechanism involved, it was observed that an increase 

in interleukin 6 (IL6) resulted in increased production and secretion of ceruloplasmin, a Cu-

carrying protein [25]. This is specifically supportive in COVID-19 cases due to the high serum 

ferritin (iron stores) levels exhibited in patients. The elucidation of the role of ceruloplasmin 

has been portrayed as an iron trafficker, thereby balancing the enterocytes' ferritin levels [26]. 

Cu can induce autophagy in response to a viral infection. This mechanism provides cells with 

the ability to survive external stress caused by the virus. In the case of Cu, it has been elucidated 

that induction of this mechanism and formation of autophagic vacuoles, together with 
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apoptosis, is as a result of the presence of Cu in the hosts' body. These discoveries have 

portrayed Cu as an ideal candidate and a potential therapeutic agent [26]. 

For therapeutic use,  the toxicity of Cu to humans was described as being very rare as 

a result of homeostatic mechanisms that reduce excessive Cu intake. Cu supplementation, 

however, presents with adverse effects when taken in excessive quantities (>10 mg/day) in a 

short period [27]. For optimum Cu absorption, a diet of decreased fiber, ascorbic acid, divalent 

metals, zinc, iron, fructose, and cysteine with increased protein intake and polybasic amino 

acids has been advised [28]. Cu thus portrays favorable results against viruses, in general, with 

a potential therapeutic role against SARS-CoV-2 specifically. This dietary intake and 

supplementation of Cu in the body provide greater immunity towards COVID-19. Cu in this 

form, however, cannot be conjugated to other therapeutics, such drugs or genes, for enhanced 

viral elimination, necessitating novel approaches to the use of Cu. One such approach is in 

exploiting the area of nanomedicine.  

Before the entry of the virus to the host, surface contamination poses a significant threat 

in the transmission of COVID-19. This was identified following an increased number of 

positive cases amongst healthcare personals, despite using proper personal protective 

equipment (PPE) and following strict barrier precautions [29]. Cu has been identified as a 

material that inactivates the virus within a shorter period, compared to other commonly used 

material such as stainless steel and plastic [4]. This was further confirmed by a prior study 

investigating the CoV-229E strain. This study observed that brass containing a minimum of 

70% Cu was more effective against CoV-229E and that the efficacy increased upon using 

higher percentages of Cu [20]. This inactivation was attributed to the ROS generated by the Cu 

ions [4]  

4. Nanomedicine  

Nanomedicine, an amalgamation of medicine and nanotechnology, utilizes NPs in 

diagnostic or therapeutic functions [30]. Diagnostically, these NPs, being the most coveted 

systems, possess the ability to visualize pathologies, track disease progressions from the onset, 

providing a means for early detection. Alternatively, NPs can also serve as therapeutic agents, 

acting as successful transporters, carrying pharmacologically active agents, and releasing them 

in a controlled manner at desired diseased sites. These NPs exhibit low cytotoxicity in vivo, 

together with the relative ease of administration [31]. These beneficial properties should be 

leveraged in the fight against COVID-19. This can be achieved via; (i) the creation of highly 

sensitive and specific diagnostic tools, (ii) a highly efficient gene and drug delivery vehicle, 

(iii) ultra-fine filters for face masks, (iv) advancements in tools for contact tracing, and (v) 

novel coating of surfaces to minimize viral survival time. NPs have been seen to inhibit the 

viral infectivity, irreversibly, through the permanent damage caused to the virion of the virus 

[32]. It is due to this that NPs exhibit the significant therapeutic potential to curb the spread 

and mortalities caused by SARS-CoV-2. The idea of incorporating potent biological agents, 

together with metal nanoparticle carriers, is rapidly gaining momentum for the treatment of 

various diseases [33]. These potent drugs can be used to interfere with the interaction of the 

virus and the ACE2 receptor, inhibiting the entry of the virus. Furthermore, to exploit 

nanomedicine, researchers are looking at an area of applied nanodiagnosis for managing 

COVID-19 [34].  
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4.1. Copper nanoparticles. 

With the SARS-CoV-2 infections escalating at an alarming rate, and an influx in 

hospital admissions, research-based on treatment strategies is imperative. As previously 

mentioned, Cu elicits robust anti-viral properties, allowing it to be a suitable candidate in the 

treatment of SARS-CoV-2 infections. Furthermore, nanomedicine is emerging as a strong 

candidate in its ability to fight off infections, in general. Hence, studies on copper nanoparticles 

(CuNPs) can provide insight into a novel therapeutic strategy that could be highly beneficial in 

the challenges facing COVID-19 treatment.  

CuNPs in medicine has been studied to a lesser extent to its other metallic counterparts. 

However, they have been utilized in nanofluids, in the facilitation of increased heat transfer, 

together with their application in catalysis or photocatalysis [35, 36]. Due to their potential 

anti-viral property, low toxicity, antifungal, and antibacterial activity, excellent 

biocompatibility, oxidation resistance, and higher availability at lower costs, CuNPs may be 

exploited as attractive alternatives in nanomedicine, together with other metallic NPs such as 

silver (Ag) and gold (Au)) [37,38]. CuNPs also possess optical and magnetic properties, 

together with a high surface to volume ratio [39]. CuNPs contains a single phase tenorite, 

exhibiting a narrow bandgap of 1.7 eV [40]. This is essential to its ability to be used in medical 

applications, owing to the properties mentioned above [41]. Previous reports also confirmed 

the ability of CuNPs to be easily coated with polymers for greater stability for in vivo. This 

provides a gateway for the successful conjugation of pharmacologically active agents for gene 

and drug delivery.  

The antimicrobial nature of Cu should be duly exploited for its use in the development 

of effective PPEs. Copper nanoparticles, in particular, could be utilized and incorporated in the 

equipment such as respirators, surgical gowns, non-woven shoes, and so on, to mitigate the risk 

of infection by healthcare personnel. This significantly reduces the viability of the virus 

through simple carrier interfaces, thereby controlling the spread of the disease [42]. Studies 

and trials on the use of CuNPs, or synergistic NPs encompassing varied metallic shell or core, 

is thus imperative.  

The biomedical applicability of CuNPs has been seen in many sectors of medicine 

related to cancer, viral and bacterial studies. Following a survey conducted by the United States 

environmental protection agency (EPA), Cu and its alloys have been discovered as the first 

efficacious metallic antimicrobial agent [3]. Cu's role as an anti-viral agent has been studied in 

two independent studies [43,44], both portraying Cu as a highly efficient and novel treatment 

against the hepatitis C virus (HCV) and Herpes simplex virus 1 (HSV-1). The former study 

based on HCV suggested an interference of entry and attachment of the infectious virion to the 

hepatic host cells as a result of an oxide of CuNPs, termed copper oxide nanoparticles 

(CuONPs). Furthermore, an 83.3% inhibition rate of the HSV-1 following the subsequent 

administration of CuONPs in vitro was reported [44]. This inhibition was possibly due to 

interference caused by the NPs in the viral replication stage. 

CuNPs have portrayed significant results in the inhibition of viruses in a highly efficient 

manner, providing a platform for further, more intensive studies to be conducted, especially 

with the challenges posed by COVID-19. The current standing of the pandemic necessitates 

the search for a vaccine and treatment, with CuNPs serving as a potential candidate to be 

considered. 
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4.2. Nanosponges. 

A significant development in nanomedicine can be seen in the formulation of 

nanosponges. These nanomaterials are made up of nanoparticle cores, surrounded by cellular 

membranes, as seen in Figure 2. As a result of this conjugation, a three-dimensional network 

is formed, which has advantages such as gradual degradation and superior drug 

absorption/complexation properties [45]. Furthermore, the molecular architecture of the 

nanosponges allows for the co-encapsulation of one or more drugs for direct and effective 

treatment [46].  

 
Figure 2. Representation of a nanosponge that is comprised of a nanoparticle coated with a cellular membrane, 

preferably of human lungs. 

Pore-forming toxins (PFTs) have shown the ability to disrupt the cellular membranes 

of the infected host and increasing its permeability. This is a necessary action in the case of 

bacterial infections and constitutes an important virulence control mechanism [47]. This action 

paved the way for research into nanosponges, especially the use of red blood cell (RBC) 

membrane-coated nanoparticles. The nanoparticle core is vital to the success of the 

nanosponges to enable prolonged circulation times [48]. The nanosponges mimic RBCs and 

attract the attack by toxins. In this process, the toxins are removed by absorption by the 

nanosponges out of the bloodstream.    

This approach has been recently modified to treat SARS-CoV-2, with direct treatment 

of affected host cells, rather than treating the causative agents. This novel treatment has been 

inspired by the ability of the SARS-CoV-2 to invade the host cell via its protein receptors. The 

development of nanosponges against COVID-19 is dependent on the nanoparticles being 

coated with human-cell-derived membranes, such as human lung epithelial type II cells and 

human macrophage cells [7]. These cells can be conjugated to the nanoparticle core while 

expressing the ACE 2 and CD147 proteins, which are crucial for viral entry into cells. The 

expression of these proteins was visualized using western blot analysis of the nanosponges, 

together with viral receptors present in the natural state of the cellular membranes. The study 

confirmed the facilitation of nanosponges in membrane protein retention as well as showing a 

lack of contamination from other intracellular proteins [7]. Hence, the ability of these 

nanosponges to neutralize the virus in a concentration-dependent manner can be considered a 

potential treatment. 

The absorption of the SARS-CoV-2 may be coupled with the beneficial properties 

exhibited by Cu and CuNPs. CuNPs can be utilized as the intended nanosponge core to provide 

greater efficacy in absorbing and possibly eradicating the virus as well. In instances when the 

SARS-CoV-2 virus mutates, the nanosponges provides a means of treating the infection, 

irrespective of mutational change. It is thus proposed that the use of Cu would significantly 
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add to the beneficial properties demonstrated by the nanosponges, allowing for a secondary 

killing mechanism to be present in vivo. Hence, further research in this area and clinical trials 

are required with the hope of a successful and highly efficient treatment for all infected 

individuals. 

4.3. Drug therapy.  

With outstanding advancements being made in medicine regularly, gene and drug 

therapy has portrayed results which are highly advantageous in the treatment of various 

diseases. Before the discovery of nanomedicine, drugs have been and continue to be utilized. 

The major limitation in drug efficacy is due to low solubility, leading to lowered diffusion into 

targeted cells. This limits the bio-accessibility of the drug following oral intake and creates a 

requirement for a higher concentration of the drug by intravenous routes [49]. Drug-

encapsulated NPs were thus established to overcome this hurdle for a targeted therapeutic 

approach. NP based drug therapy can be regarded as an advanced technology in medicine.  This 

approach provides a means to improve therapeutic indices by enhancing properties such as 

solubility, diffusivity, immunogenicity, bioavailability, targeted and controlled drug release in 

vivo. As a result of the successful modification, an extended cycle of drug survival has been 

noted, together with a substantial decline in side effects as a result of reduced toxicity, 

improved biodistribution, and general ease of administration [50].  

Drug delivery can occur via passive or self-delivery, differing by the location of the 

drug to the NP. Passive delivery requires the drug to be incorporated into the inner cavity/core 

of the NPs. Upon reaching their specific targeted sites, these NPs begin to disintegrate, thereby 

releasing the drug cargo. Alternatively, the direct conjugation of the drug to the NPs allows for 

self-delivery to occur. This delivery relies on the drug being released at precise times for 

maximum efficacy [51]. The delivery of these drug-encapsulated NPs can be further classified 

according to how they attach and enter specific cells, viz. active and passive delivery. The 

former requires the coupling of antibodies and peptides to the NPs, for active receptor binding 

of the targeted site. The latter mechanism is based on the NP freely circulating the bloodstream; 

however, these are controlled via properties such as temperature, molecular sites, pH, and 

shape. Due to the tumor microenvironment, drug delivery to tumors often utilize the enhanced 

permeability and retention (EPR) effect for passive delivery. 

With regards to COVID-19, studies have portrayed the role of SARS-CoV-2 in 

producing a hyperinflammatory state, as characterized by a fulminant cytokine storm, known 

as hypercytokinemia. This phenomenon results in acute respiratory distress syndrome (ARDS), 

leading to death in more severe cases [2]. With low success rates being identified with the 

administration of inflammatory inhibitors, the use of a multidrug NP, encapsulating adenosine 

(Ad), and tocopherol (VitE) to reduce the cytokine storm was proposed [52]. The study 

concluded that this approach was a promising therapeutic, yielding more positive results 

compared to conventional antioxidant and Ad therapy. With the success of this approach, the 

proposition of utilizing CuNPs as a delivery vehicle remains true for greater efficacy, with a 

reduction in toxicity.  

Drug therapy using CuNPs may also increase the efficacy of anti-viral drugs, which 

possess the potential to treat COVID-19, as illustrated in Figure 3. These anti-viral drugs 

include ritonavir/lopinavir, remdesivir, and arbidol, each portraying its mechanism of action 
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by acting as protease inhibitors, causing premature termination of RNA and blocking of viral 

fusion, respectively [53-55]. 

 
Figure 3. A representation of the role of nanomaterials in the potential prevention and treatment of COVID-19. 

Their use in preventative measures, such as employing nanoparticles in PPE, portrays its role in curbing the 

entry of the virus into the respiratory system. Therapeutically, nanoparticles can be delivered, with conjugated 

drugs or genes via the pulmonary system, or administration followed by the subsequent photodynamic therapy 

(PDT) to inactivate SARS-CoV-2 through inhibition of cellular binding via ACE2. 

4.4. Gene therapy. 

Understanding gene function, genetic aberrations, and biological processes have 

brought this therapy to light to create a treatment targeting specific genes. Gene therapy has 

been established in many clinical developments for a vaccine against SARS-CoV-2. This 

therapeutic approach is characterized into three classes of vaccines employing genes, that is, 

DNA, viral vectors, and mRNA [56]. Various studies have been undertaken to mitigate the 

harsh impact of COVID-19, each focusing mostly on the SARS-CoV-1 spike (S) protein. This 

is generally undertaken via the encoding of the open reading frame present in the S gene of the 

gene fragment. The studies conducted have completed the initial first phases of testing, with 

phase II possessing the ability to provide evidence of efficacy and immunogenicity [56].  

Gene therapy aims at precise modification, deletion, or replacement of so-called 

"faulty" genes in diseased cells [57]. One aspect of gene therapy employs recombinant nucleic 

acids possessing therapeutic genes, which results in the targeted mRNA being translationally 

blocked, thereby reducing disease progression [58] by a process known as gene silencing. 

These nucleic acids include small interfering RNA (siRNA), plasmid DNA (pDNA), 

DNAzymes, microRNA (miRNA), and antisense oligonucleotides (antisense ODNs) [59]. 

CRISPR (clusters of regularly interspaced short palindromic repeats) technology has 

revolutionized medicine as we know it and provides for another avenue of treatment for 

COVID-19. This tool exploits the Watson-Crick complementary base-pairing strategy, 

followed by the subsequent utilization of Cas9 (a bacterial-derived nuclease) to cleave or fix 

specific point mutations present on a target gene [60]. With the safe and efficient delivery of 

CRISPR-Cas9 being a major challenge, nanomedicine can provide a possible solution. CuNPs, 

due to their many advantageous properties [61], pose as attractive means for delivery of 

therapeutic genes, including CRISPR-Cas9 mediated gene therapy to target various diseased 

sites due to SARS-CoV-2. CRISPR-Cas9 has previously portrayed perfect binding specificity 

to targeted sites, leading to its beneficial role in this therapeutic approach [62].  
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The COVID-19 pandemic has required unusual or "out of the ordinary" research to be 

conducted and to think “out of the box". This was seen in a study performed by a team at 

Stanford, utilizing Cas13, instead of Cas9, as the virus-killing enzyme. This strategy is known 

as prophylactic anti-viral CRISPR in human cells or PAC-MAN [63]. This study portrayed 

PAC-MAN's ability to target 90% of all coronaviruses, with only six CRISPR RNA (crRNA) 

moieties. An effective means of delivery is perceived to lay with NPs. Once again, CuNPs 

possess the great ability to be conjugated with various pharmacologically active agents, the 

CRISPR technology included. Such novel approaches could potentially hold the key to treating 

COVID-19 and mitigating the high infection and mortality rates noted daily. 

5. Conclusion 

 The efficacy of a specific study, or the level of protection, which is conferred to a vast 

population, is a significant factor in therapeutics. However, it is not the entire story. The 

efficacy of one study may be the stepping-stone to more significant achievements in another. 

The present review paper highlights Cu and CuNPs as potential therapeutics and therapeutic 

nanocarriers against COVID-19. The variations by which these are used are not limited, and 

thus the versatility of these NPs has become attractive in the development of treatment 

strategies, vaccines, and PPE. Nanosponges have also been identified to have a potential role 

in reducing this disease burden. Current challenges have hence necessitated novel studies and 

trials to be conducted, and exploitation of the propositions put forward above. 
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