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ABSTRACT 

 

Silver has been used extensively used since 

recorded history for variety of medical purposes 

due to its broad spectrum of action against 

variety of microorganisms. Rediscovery of this 

metal in the present form as silver nanoparticles 

(AgNPs), is being explored in wide areas of 

research. With the current emerging COVID-19 

pandemic, as we stand on the verge of this crisis 

with no vaccines available and no antidote to the 

rapid spread of the virus, nanosilver has shown a 

ray of hope in the fight against COVID-19 and 

also in healthy future after the pandemic. 
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INTRODUCTION 

Since December 2019, when 

COVID 19 was detected in Wuhan, China, 

it has turned into a severe international 

health crisis and humanity is confronting a 

pandemic in severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) 

causing coronavirus disease known as 

COVID 19.  So far there are over 36 million 

confirmed cases with COVID-19 

worldwide, with an estimated death toll of 

over I million people.
1
 In an effort to reduce 

its spread, implementation of strategies that 

requires participation of the whole society 

as well as innovative ways of social, work 

and health policies is needed. Suggested 

measures required stay at home 

implementation, timely SARS-COV2 

testing, social distancing and efficient 

precautionary measures like wearing masks, 

washing hands and proper cleanliness. The 

antimicrobial properties of metal 

nanoparticles especially for the case of 

silver element, have received a considerable 

attention recently due to its physiochemical 

properties.
2
 

 

HISTORY 

Silver has been used extensively 

throughout recorded history for a variety of 

medical purposes. Metallic silver was 

known to Caldeans as early as 4000 B.C.E.
3
 

Herodotus, the father of History, also 

mentioned the importance of drinking water 

in silver vessels by Persian kings as water 

remained fresh for years in silver containers. 

This was particularly important in military 

conflicts where fresh water was not easily 

available.
4 

The ancient Phoenicians, Greeks, 

Romans, Egyptians and others also were 

recorded to have used silver in one form or 

the other to preserve food and water. The 

likely use of silver nitrate as medical agent 

comes from pharmacopeia published in 

Rome in 69 B.C.E. Records also mention 

the use of silver nitrate by Paracelsus as a 

caustic for the treatment of wounds during 

1520. Angelo Sala is reported to have given 

silver nitrate as a counterirritant, as a 

purgative and for the treatment of brain 

infections as early as 1614.
1
 By 1800, it was 

well accepted that wine, water, milk and 

vinegar stayed pure for longer periods of 

time when stored in silver vessels and silver 

nitrate was also used successfully in 

treatment of skin ulcers, compound fractures 

and suppurating wounds.
5
 In 1852, Doctor J. 

Marison Sims made an important 

contribution in medical uses of silver by 

introducing silver sutures to close fistulas 

and also silver catheters for  urinary 

diversion until the healing of repair.
6
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Another seminal contribution was made in 

the 1880s by Doctor Carl Siegmund Franz 

Crede, a German obstetrician, who 

pioneered the use of silver nitrate eye drops 

to prevent ophthalmia neonatorium 

(gonorrheal ophthalmia) in newborn 

infants.
7
 Colloidal silver was also reported 

to be used for treatment of puerperal sepsis, 

staphylococcal sepsis, acute epididymitis 

and other infections between 1900-1940.
8-10

 

Argyria, the complication of silver therapy 

was also known during this period and 357 

cases were known by 1939.
3
 

 

Rediscovery of Silver 

Few of us are aware today that by 

1940, before introduction of penicillin, in 

the USA alone, more than 50 silver-based 

antimicrobial products were marketed in 

different formulations (solutions, ointments, 

colloids, foils) for topical, oral and 

intramuscular injection. Also, the records 

mention that tens of thousands of patients 

consumed colloidal silver, with several 

million doses of silver administered 

intravenously. Though high doses had 

shown side-effects like convulsions and 

even death via parental route and 

gastrointestinal disturbances via oral route.
5
 

The rediscovery of silver in the form 

of silver nanoparticles has mainly been 

driven by the continuous increase in 

multidrug-resistant human pathogenic 

microbes including P.aeroginosa, 

ampicillin-resistant E.coli, erythromycin 

resistant Streptococcus pyogenes and 

MRSA.
11

 Nowadays, non-traditional 

antimicrobial agents are increasingly 

gaining importance to overcome multidrug 

resistance (MDR) and working in this 

direction, one among the priority areas of 

biomedical research focuses on novel, 

efficient nano-technological based 

antimicrobial agents especially silver 

nanoparticles
11

 The advantage of using 

nano-silver lies in being less reactive than 

silver ions and thus being more suited for 

use in therapeutics and clinical practise.
12,13

 

 

Antimicrobial effects of silver 

nanoparticle 

It is well known that Ag
+
 ions and 

Ag based compounds have strong 

antimicrobial effects
14

 With the ongoing 

emergence of multidrug resistant 

microorganisms, there has been a 

resurgence in the use of Ag based 

antiseptics on account of their broad 

spectrum activity and low propensity to 

induce antimicrobial resistance.
15

 Presently, 

silver still holds its utility in variety of 

application including dental work, catheters 

and burn wounds.
16,17

 The biological 

activity of these silver nanoparticles has 

shown to be effective against over 650 

microorganisms including bacteria (both 

Gram positive and Gram negative), fungi 

and viruses.
18

 However, the use of silver as 

antimicrobial agent holds limitations due to 

the interfering effects of salts and the 

continuous release of Ag
+ 

ions concentration 

from the metal form. Thus it becomes 

essential to overcome these limitations and 

an effort to this approach was to prepare 

silver nanoparticles (AgNPs). However, it 

becomes mandatory to prepare these 

nanoparticles in a cost effective way and 

with enhancement of antimicrobial action. 

Several new silver-based antimicrobial 

products have been commercialized in the 

last two decades. Recently, Mecking and co-

workers showed that hybrids of Ag 

nanoparticles with amphiphilic 

hyperbranched macromolecules exhibited 

effective antimicrobial surface coating 

agents.
19

 

 

Mechanism of action 

The mechanism of the inhibitory 

effects of Ag
+
 ions on microorganisms is 

partially known. Some studies have reported 

that the positive charge on the Ag ion is 

crucial for its antimicrobial activity through 

the electrostatic attraction between 

negatively charged cell membrane of 

microorganism and positively charged 

nanoparticles. 
20-22 

The antibacterial action of both Ag
+
 

and AgNPs has also been shown due to the 
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entry into the bacterial cell membrane by 

porin proteins and causing membrane 

rupture, pore formation and cytoplasmic 

leakage. In the cell membrane, the Ag
+
 ions 

lead to the formation of several highly 

oxidizing species like hydroxyl and 

superoxide free radicals, and H2O2 which 

quickly oxidize DNA, RNA and denature 

proteins.
23

 

The antiviral action of AgNPs can be 

due to their direct virucidal action. Studies 

have shown that antiviral effect is based on 

the binding of AgNPs to the viral particles 

thus preventing them from binding to the 

host cells.
24-25

  For example, in case of 

human immunodeficiency virus (HIV-1), 

there have been reports claiming AgNPs 

bind to the sulphur groups of gp120 protein 

spikes over the viral membrane, thereby 

preventing CD4 dependent virion binding, 

fusion, and infectivity.
26

 In another report it 

was discovered that AgNPs are able to 

inhibit the formation of intracellular HBV 

RNA. 
27

In vivo effect of AgNPs in 

controlling the Respiratory syncytial virus 

infection has been reported recently.
28

 

AgNPs capped with mercaptoethane 

sulfonate have also been shown to be 

effective in inhibition of herpes simplex 

virus type 1.
29 

 

Several studies also confirm the 

antifungal action of AgNPs
30-33

, and also 

that antifungal activity of this nanosize 

silver is equal to amphotericin B, and higher 

to that of fluconazole and can be useful in 

clinical applications. 

 

Antimicrobial Applications of Silver 

Nanoparticles 

At present, new results pointing to 

the exceptional utility of AgNPs to prevent 

and control infections by micro-organisms 

are reported on regular basis. AgNPs in 

Silver-ActicoatTM dressing are used for 

healing of chronic wounds and it has 

superior property than silver nitrate and 

silver sulphadiazine, the latter is a 

formulation of silver and sulphadiazineas 

1% water-soluble cream (AgSD)
34,35

 

Polyvinyl alcohol (PVA) nano-fibers 

impregnated with silver nanoparticles are 

considered suitable in wound dressings as 

they show improved antibacterial property 

against E.coli and S.aureus
36

 Medical 

surface silicone elastomers and 

environmental surface bandage dressings 

functionalized with AgNPs have been found 

to  inhibit the growth of Candida auris 

biofilms at very low concentrations.
37

 

Moreover, the susceptibility of 

inflammatory response in AgNPs based 

non-crystalline wound dressing therapy is 

very less.
38 

Catheters as well as 

cardiovascular and bone implants are also 

impregnated with AgNPs for inhibiting 

biofilm formation and minimizing the 

chances of pathogenic growth.
39

 In 

orthopedics, AgNPs are loaded along with 

polymethyl methacrylate (PMMA) to be 

used as bone cementing material in 

synthetic joint replacement therapy.
40

 

AgNPs have also been known to increase 

the antibacterial activities of antibiotics such 

as amoxicillin, clindamycin, erythromycin, 

penicillin, and vancomycin although it 

necessary to avoid prolonged exposure as 

AgNPs, like antibiotics, may result in 

development of resistance.
41

 Various studies 

also prove the efficacy of nanosilver against 

varios viruses like HIV-1, Influenza virus, 

Hepatitis B virus etc.
42-47

 Other viruses 

where silver nanoparticles have been shown 

to be effective are monkeypox virus
48

, 

Tacaribe virus
49

, Rift Valley Fever Virus
50 

and also against influenza viruses like 

H3N2
51

 and H1N1 
52 

Conjugations of 

AgNPs with other types of polymers have 

shown beneficial results especially 

stabilizing the nanoparticles as well as 

providing a chemically stable system.
53

 

Functionalized AgNPs have shown to be 

useful in the medical industry as it helps in 

drug delivery or enhancing medical devices. 

Experiments on functionalization of AgNPs 

with reduced glutathione (GSH), polyethene 

glycol (PEG), and lipoic acid (LA) on 

human blood platelets have shown to reduce 

platelet aggregation caused by protein 

interaction of platelet surface and AgNPs.
54 
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However, it is also beneficial to learn the 

hazards of AgNPs to prevent problems from 

occurring during application of AgNPs. 

 

The Present Scenario 

At present we confronting the 

pandemic of COVID-19 caused by 

Coronavirus SARS-CoV-2. Although the 

implemented protocols and rules, suggested 

by the World Health Organisation (WHO), 

together with the scientific community of 

specialists and all the governments of the 

world, help to ease the pandemic but still 

there is no antidote to the rapid spread of the 

coronavirus till date, as vaccines are not 

available. The strategies that are in practise 

are for most part ineffective. Face masks are 

of little use as viruses spread via hands and 

surfaces. Simple disinfection measures are 

even less fruitful as viruses, in general, are 

not living things but consist of RNA and 

DNA and require living cells to activate 

their pathogenic mechanism. Personal 

protective equipment that is available at 

present, comes without intrinsic 

antimicrobial/virucidal action with only 

temporary protect the users. With the 

opening of lockdown and functionality of 

public places like markets, universities, 

offices, sports complexes, malls etc, it 

becomes all the more important to adopt 

careful measures. One such aspect is air 

filtering media which are subject to 

microbial/viral colonization. These devises 

although limit the microorganism 

circulation in air, but do not inactivate or 

halt their proliferation
55 

which can be an 

area of concern in closed spaces inspite of 

social distancing measures being followed. 

Moreover, the complex protein-protein 

interactions between the virus and host are 

yet to be determined for designing an 

effective drug. Overall, the present 

measures do not mitigate the risk of 

contagion either for an individual or in 

public. Thus, apart from individual 

protection, an efficient approach for 

increasing people protection in public places 

is essential to reinforce our health 

infrastructure and to better prepare and 

protect our health workers, patients and 

people in general. 

 

Nanosilver as the last line of defence 

against COVID 19 

With the unfolding of the pandemic, 

nanoparticles have gained prestigious 

reputation in the medical sector as a ray of 

hope to fight the infection and particularly 

AgNPs have emerged as promising 

materials in the biomedical sciences because 

of their antimicrobial activities towards 

wide range of microorganisms. We have a 

lot of evidence at present to show that silver 

nanoparticles are effective against several 

close relatives of the novel Coronavirus, 

including those that belong to the same 

family. In early 2020, a Swiss company 

even commercialized an antiviral and 

antimicrobial textile treatment based on the 

technology of microencapsulated AgNPs to 

cause deactivation of lipophilic viruses and 

was effective against human coronavirus, 

and led to a dramatic reduction in infectivity 

against several influenza viruses and 

respiratory syncytial virus.
56

 There already 

is an opinion letter on using silver 

nanoparticles as antiviral therapy to treat 

COVID-19 patients with minimum side 

effects.
57

 It is based on the  hypothesis that 

AgNPs will bind to the spike glycoprotein 

of the virus thus inhibiting the binding of 

the virus towards the cells and the release of 

silver ions can decrease the environmental 

pH of respiratory epithelium (where the 

COVID-19 virus usually reside) to become 

more acidic which is hostile towards the 

virus. 

It has also been demonstrated that 

silver nanocluster/silica composite coating 

deposited on facial masks possesses 

virucidal effect. It is reported that this 

coating can be deposited on practically 

every kind of filtering media and also on 

metallic, ceramic, polymeric and glasses 

surfaces and hence provide an effective 

contribution to safety of crowded areas like 

supermarkets, productions sites, schools, 

hospitals, etc, where surfaces are exposed to 

many contacts with body parts each day.
58  
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CONCLUSION 

The rediscovery of the medical uses 

of silver provides a noticeable example at 

the interface of chemistry and medicine of 

non-linear progress of scientific research. 

AgNPs have been deemed very useful in 

numerous fields especially in the field of 

medicine and have been acknowledged 

worldwide. However, AgNPs associated 

cytotoxicity, genotoxicity and inflammatory 

response in cells has raised concerns of their 

inadvertent use in humans.
59 

These 

nanoparticles are viewed as potential 

hazards due to their ability to induce 

cytotoxic mechanisms such as production of 

reactive oxygen species (ROS), DNA 

damage, and heighten pro-inflammatory 

response in cells. Though these 

nanoparticles possess unique 

physiochemical properties, but these can 

prove to be a double edge sword as can 

cause sublethal adverse effects when the 

concentration or production of ROS is not 

properly controlled.
60 

Argyria, a cutaneous 

discoloration due to over consumption of 

colloidal silver is known to mankind since 

long back in history. Thus taking into 

account these limitations, the application of 

AgNPs for human therapeutic interventions 

and disease treatment, clinical trials must be 

conducted. Collaborative efforts from 

chemistry, biology, pharmacist, physics, and 

medicine are necessary to consider the 

potential of AgNPs as candidates for 

inhibition of COVID-19. Finally, cost-

effective, easy-to-synthesise antiviral 

AgNPs could reduce the burden of COVID- 

19 on challenging environments and in 

developing countries. 
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