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ABSTRACT
Antiviral textiles are one of the most promising areas of protective textiles. Antiviral textiles are important 
in the field of health and hygiene. They become an essential part of our daily-life when a pandemic situation 
arises. The present paper critically analyses and summarizes various researches of the production of antiviral 
textiles. Different classes of the virus, how the virus transmits and replicates, various antiviral agents for textiles 
and their working mechanism, and the application procedure of various synthesized and bio-based antiviral 
compounds on textiles have been discussed in this paper. Finally, the present paper compares the existing 
antiviral finishing on textiles in terms of its effectiveness, durability and skin-friendliness and, following that, 
discusses the possibilities of using antiviral textiles in various sectors.
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INTRODUCTION

History reveals that a virus is the reason behind most of the global pandemics that occurred in the near 
past, for instance the H3N2 virus behind the influenza pandemic in 1968, the SARS virus behind the 2003 
pandemic, the H1N1 virus behind the swine flu pandemic in 2009, the Ebola virus behind the 2014 pandemic 
and the most recent novel coronavirus behind the 2020 pandemic [1,2]. The World Health Organization 
(WHO) reported that the diseases caused by viral infections are the second leading cause of human death 
[3]. Around 250,000 to 500,000 people die every year only due to the influenza virus infection [4]. To 
prevent or minimize these fatalities, several vaccines are developed by the researchers but these are not 
sufficient enough to protect human beings from all kinds of viruses. Thus, it is necessary to look for other 
possible safety measures which can protect us from these deadly viruses, prior to an appropriate vaccine 
being developed.
Viruses fall in the category of microbes and they are omnipresent [5,6]. NASA researchers have found 
microbes even at the height of 32 km above the sea level and at the depth of 11 km under the sea level. 
It is estimated that all microbes present in the earth are approximately 25-fold the mass of all animals [7]. 
Microbes have an outer polysaccharide cell wall and a semi-permeable membrane, which protects their inner 
substrates and preserves their functionality [8,9]. Whenever a microbe finds itself in favourable conditions 
in terms of temperature and humidity or a host cell, it starts reproducing itself [10]. However, all microbes 
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are not the same, they differ from each other in terms of their structure, sizes, habitat etc. In the context 
of their cellular nature a microbe can be unicellular, multicellular or acellular. Viruses are acellular. In the 
domain of life, living cells are classified in three categories called Archaea, Bacteria and Eukarya. Most of 
the microbes fall in the category of Archaea or in the category of Bacteria, but a virus falls in none of these 
three categories, they are considered to be a grey area between the living and the non-living [11]. Hence, a 
substrate that provides a perfect protection against a bacterial or other microbial attack, may or may not 
be useful against a virus.
Whenever we think about human protection, textiles come to our mind first. Textiles protect human beings 
from extreme weather conditions. With suitable structural design and chemical finishes, textiles can protect 
a human body from sharp objects, impact thrust, fire accidents, electric shocks etc. [12]. However, textiles, 
in their parent form (i.e. without any suitable chemical treatment) cannot protect a person from a micro-
bial attack. In fact, textiles are susceptible to microbial growth due to their high moisture retention and 
surface area [13,14]. The presence of starch, protein and fats in natural fibres makes them more suscep-
tible to a microbial attack. The degeneration of fibre, foul odour, colour change, unwanted stains etc. are 
the signs of a microbial attack on textiles [7,15,16]. These microbes (microbial attack signs) mainly belong 
to the bacteria family. Textiles are treated with various synthetic as well as bio-based antibacterial agents 
in order to protect them and their user from a bacterial attack [8,17,18]. However, a textile fabric treated 
with antibacterial agents may not act as an antiviral fabric, as the virus and the bacteria are completely 
different from each other [8,11]. As mentioned earlier, foul odour, colour change, unwanted stains etc. are 
the signs of bacterial infection on textiles but no such signs are observed when textiles are infected with a 
virus. Viruses do not replicate or grow on textiles because they require a host cell to be able to do that but 
viruses are deadlier for the human race than bacteria [19,20].
The world is currently going through a pandemic situation resulting from the novel coronavirus. There are 
many deadlier viruses present in the world, which are inactive now but can affect the human race at some 
other time [20]. Hence, it is very much necessary to have a clear concept of antiviral textiles as they act as 
the first layer of protection against the unknown viruses, before the development of a vaccine or a medicine. 
The present paper critically analyses and summarizes various researches on producing antiviral textiles. The 
paper furthermore discusses different classes of viruses, how they transmit and replicate, various antiviral 
agents for textiles and their working mechanism, and the application procedure of various synthesized and 
bio-based antiviral compounds on textiles.

Viruses and their classification

As mentioned earlier, viruses are acellular, considered to be a grey area between the living and the non-
living. Viruses are small protein capsids which store some genetic information. All viruses consist of nucleic 
acid and a protein coat [21]. The nucleic acid may be either a Deoxyribonucleic Acid (DNA) or a Ribonucleic 
acid (RNA) but a virus never has both of them. The protein coat encases the nucleic acid while some viruses 
are also enclosed by a layer of fat and protein molecules called envelopes. The size of the virus varies depen-
ding on its structure. In order to reproduce themselves, viruses are dependent on their host cell. Initially, 
they replicate the genetic information in the cell and produce viral progenies to infect the other cells [22]. 
Viruses are broadly classified based on their structure, symmetry, chemical composition, structure of genome 
and on their mode of replication. Based on their genome structure and chemical composition, viruses that 
infect human beings are divided into twenty-one families [21]. The classification of viruses causing infec-
tions in humans is presented in Figure 1.
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Figure 1. Classification of viruses

Transmission of viruses

A virus can be transmitted in various ways. Virus transmission mainly depends on their ability to overcome 
a barrier. A virus can transmit from cell to cell, animal to animal, person to person or even from one species 
to another. It can be transmitted either by a direct contact or by an indirect contact. In the case of a direct 
contact, the virus is spread from the infected host to an uninfected person by means of a physical touch. 
While in the case of an indirect contact, the virus proliferates through different mediums such as textiles, 
contaminated surfaces etc., sometimes the disease-bearing organisms known as vectors transmit viruses 
to an uninfected person in the form of blood-sucking insects such as mosquitos [23]. Figure 2 explains 
the most probable and significant ways in which a virus can infect human beings. Here, infected animals, 
contaminated areas, and infected persons are considered as major sources of a virus. The droplets rele-
ased by an infected person or an animal in the form of a cough, sneeze, blood stains etc. make a place or 
a person contaminated. Droplets having a virus particle of the size less than 1 μm contribute to the spread 
of airborne diseases [22]. According to Wells [24], the aqueous part of a droplet evaporates quickly in the 
air and the residue called the droplet nuclei spreads around the corners and ultimately contaminates the 
place and the people who are sharing the same air supply. Some viruses have large particles, which makes 
them heavy, and as a result they don’t contribute to the spread of airborne diseases. The transmission of 
these heavy viruses is greatly influenced by their lifespan outside a host cell. For instance, a SARS-CoV-2 
can survive about 24 hours on a cardboard and 3 to 4 days on plastics and stainless steel [25], while an 
astrovirus, Hepatitis A and Polio virus can survive up to 2 months [26]. The long lifespan outside a host cell 
makes these viruses deadlier for a human being. However, the researchers have observed that most of 
the health-related issues in human beings are caused by micro-sized virus particles with the aerodynamic 
diameter less than 1 μm [22].
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Figure 2. Modes of virus transmission

Replication of viruses

Viral replicati on is a biological process that produces new viruses during the infecti on of the host cell. 
Hence, prior to replicati on, a virus has to enter its host cell fi rst. Without a host-cell a virus cannot repli-
cate itself as it doesn’t have any organelles such as nuclei, mitochondria, ribosomes and the cytoplasmic 
components which are necessary for the synthesis of its own structure [23]. During viral replicati on, initi -
ally, a virus parti cle or a virion att aches itself to the host-cell membrane and injects its DNA or RNA into 
the host cell to initi ate the infecti on. In general, a virus enters a human host cell through the membrane 
fusion method. Once a virion enters its host cell, the viral genome gets access to its host cell organelles and 
enzymes. This ulti mately initi ates the process of the replicati on of the viral nucleic acid (either DNA or RNA) 
and the structural protein with its code. This newly synthesized nucleic acid and the structural proteins are 
then joined together as new virus parti cles. Finally, these new viruses leave the host cell either by cell lysis 
or by the budding process and become ready to infect other host cells [27].

Role of textiles in protection against viruses

As menti oned earlier, viruses are considered to be a grey area between the living and the non-living, and 
they need a host cell to replicate themselves. Thus, a virus will not be able to replicate itself on a texti le 
surface. However, texti les can act as an acti ve medium for the viral transmission [28,29]. Frequent disin-
fecti on or disposal of the contaminated texti les could be an eff ecti ve way of restricti ng viral transmission 
through texti les [30]. The second possible way would be to impart anti viral properti es to texti les. A normal 
texti le fabric does not have any anti viral properti es but the incorporati on of suitable components into 
texti les can make them anti viral. The incorporati on of an anti viral agent into texti les can be done at diff e-
rent stages and in diff erent ways. Various ways of developing anti viral texti les are discussed in the next 
secti on of this paper. Anti viral agents make the treated texti les anti viral by employing either of the following 
two mechanisms or by combining them. In the fi rst mechanism, the applied chemical makes the surface 
energy of a texti le surface relati vely low. Doing so will stop the viral transmission via texti les by restricti ng 
viruses to the texti le surface. This low surface energy of texti les can also destroy the outer lipid barrier of 
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a virus which will make the viral genome inacti ve by making it unable to penetrate into a host cell [31]. In 
the second approach, when a virus comes in contact with a texti le surface treated with an anti viral agent, 
these acti ve agents bind with the outer layer of the virus and inhibit its vital mechanisms. These anti viral 
agents oxidize and dissolve the lipid or the glycoprotein layer and enter inside the virus structure. Finally, 
these anti viral agents adhere to the genome (i.e. with the virus DNA or RNA) and deacti vate the same by 
breaking it into fragments. As a result of these interacti ons, the disintegrati on of the virus ensues, manife-
sti ng itself in the leakage of the viral genome and a loss of infecti vity, leaving the viral parti cle inacti ve on 
the treated texti le surface [7,32,33]. A schemati c diagram explaining the anti viral mechanism through virus 
destructi on (i.e. through the second approach) is shown in Figure 3.

Figure 3. Antiviral mechanism through virus destruction on textile fabric surface

Antiviral treatments for textiles

Inherently, texti le materials are not anti viral. Texti le materials are suscepti ble to microbial growth due to 
their high moisture retenti on and surface area [14]. The additi on of suitable anti viral agents onto texti les 
can make them anti viral. The incorporati on of an anti viral agent into the texti les can be done at diff erent 
stages and in diff erent ways. Anti viral fi nishing on the texti le material can be done onto the texti le fi bre, 
yarn, fabric, and fi nal products depending upon the anti viral agents and their applicati on technique. For 
ease of applicati on and conti nuous producti on, anti viral applicati on onto the fabric is preferable. For fabric 
like cott on, wool, silk, and other manmade fi bre, anti viral treatment is done by surface treatments, like 
the exhaust method, the pad-dry-cure method, microencapsulati on, and the coati ng technique, alone or 
in combinati on, depending on the anti viral compositi on and the fabric quality. Anti viral agents can also 
be incorporated in manmade fi bres by mixing suitable anti viral agents into the polymer matrix before the 
fi bre extrusion [34,35].
The exhaust method is the most common and popular method of dyeing and fi nishing texti le materials. This 
method is also well suited for the anti viral fi nishing of natural fi bres and polyamide fabrics. The process 
is very similar to the dipping technique and applicati on is carried out below the boiling temperature. For 
polyester fabric, the high-temperature exhaust method is preferable. The process is very similar to disperse 
dyeing and the applicati on is carried out at 120-130 °C. The pad-dry-cure method is another way of applying 
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an antiviral composition onto the textile material. The fabric is padded with the antiviral composition in 
an aqueous medium along with a suitable binder, followed by drying and curing for proper fixation. This 
method is used alone or in combination with other techniques [36,37,38]. 
Micro-encapsulation is a process in which an active ingredient as a core substance is generally stored 
within a polymeric shell. For antiviral finishing on the textile material, a microcapsule solution is prepared 
by mixing and stirring the antiviral composition and the polymeric coating material in an emulsion reactor 
at 1000–10000 rotations per minute for 6–48 hours. The size of a microencapsulated shell generally varies 
within the micrometre and the millimetre range. This antiviral microcapsule solution is applied onto the 
textile substrate along with other binding compositions in an agitator, followed by drying and curing. This 
technique is gaining popularity in the area of textile finishing, especially for the fragrance finish, antimicro-
bial finish etc. for sportswear and medical textiles [39,40,41]. 
In the coating technique, the covering material is deposited onto the textile substrate to enhance the surface 
properties. Likewise, in textiles, the fabric can be coated with an anti-pathogenic component along with a 
suitable binding agent. The preferred coating techniques are reverse roll, rod, spray, and gravure coating 
techniques. The coating technique requires a substrate with minimum porosity. Most of the non-woven 
substrates are porous; therefore, alternate versions of the coating technique can be used, such as spray 
and dip-coating techniques. In certain applications, there might be a need for the controlled release of anti-
viral agents. In that case, the coating may include microencapsulation. The coating can be of a single layer 
as well as multi-layered. In multi-layered coating, initially, the substrate is coated with an active ingredient 
solution by using the spray-coating method and on top of that, the second layer is coated with the binding 
solution by using the rod-coating method [42].

Triclosan based antiviral finish

Triclosan is well known for its antimicrobial activity, especially against bacteria [36, 43]. However, a textile 
fabric can exhibit an antiviral property when it is treated with triclosan along with sodium pentaborate 
pentahydrate. The chemical structures of triclosan and sodium pentaborate pentahydrate molecules are 
shown in Figure 4. Iyigundogdu et al. [36] have prepared a triclosan-based antiviral solution which contains 
0.03% triclosan, 3% sodium pentaborate pentahydrate and 7% glucapon 215 CS UP. A cotton fabric, treated 
with the abovementioned antiviral solution for 30 minutes by the exhaustion method at pH 5 exhibits promi-
sing results against the adenovirus and poliovirus. Glucapon 215 CS UP acts as an emulsifying agent and 
the triclosan inhibits the growth of viruses by restricting lipid biosynthesis. The function of sodium penta-
borate pentahydrate in the above composition is not well understood but its presence enhances the anti-
viral activity of the triclosan. According to the Spearman–Karber test method, a cotton fabric treated with 
the abovementioned solution can reduce the viral titre by 60%. Iyigundogdu et al. [36] have predicted that 
the textiles treated with the combination of triclosan and sodium pentaborate pentahydrate can be effec-
tive against the enveloped and non-enveloped DNA and non-enveloped RNA viruses, such as hepatitis B, 
HIV, HCV, Ebola, MERS and SARS.
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Figure 4. Chemical structure (a) Triclosan (b) Sodium pentaborate pentahydrate [44, 45]

Treatment with honeysuckle extract

Since ancient ti mes, honeysuckle has been used as a traditi onal Chinese medicine for the treatments of wind-
heat, respiratory tract infecti on, fever and infl ammatory conditi ons [46]. The honeysuckle extract is rich in 
chlorogenic acid, which acts as an anti viral agent. Chlorogenic acid suppresses the viral mRNA transcripti on 
and the subsequent protein translati on. The chemical structure of chlorogenic acid is shown in Figure 5. It 
is reported that chlorogenic acid can be eff ecti ve against several viruses, including HIV, adenovirus, hepa-
ti ti s B and HSVs. [2,47]. Texti le material can be treated with the honeysuckle extract by the microencap-
sulati on technique. In microencapsulati on, an acti ve chemical agent is generally stored within a polymeric 
shell. The size of a microencapsulated shell generally varies within the micrometre and the millimetre range 
[40,41]. Jinmei (Patent No. CN101324026B, 2011) has observed that treati ng a cott on fabric with a drug-
component soluti on containing honeysuckle (30% to 60%), Radix Glycyehizae (20% to 50%) and Weeping 
forsythia (20% to 50%) extracts by using the microencapsulati on technique imparted anti viral properti es 
to the fabric surface. The microcapsules were prepared using the above drug soluti on along with polylacti c 
acid (mass rati o 1:2) in an emulsion reactor. Further, the microcapsules (30% to 60%) were applied onto a 
cott on fabric along with a nano zinc oxide soluti on (5% to 20%), and an aqueous polyurethane soluti on (10% 
to 15%), followed by curing at 150 °C [41]. The preparati on of microcapsules and their applicati on onto the 
cott on fabric is illustrated in Figure 6. The nano zinc oxide has excellent pathogen killing properti es, whereas 
the aqueous polyurethane binds the microcapsules and nano zinc oxide to the cott on fabric. The fi nished 
fabric is friendly to the skin and it shows an anti viral acti vity even aft er 20 washes with a virus inhibitory 
rate of more than 80% against the infl uenza and herpes simplex virus [41].
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Figure 6. Preparation of antiviral microcapsules and their application onto cotton fabric by using honeysuckle extract

Povidone iodine-based coated textiles

Ripa et al. [43] have reported that iodophors i.e. povidone iodine and ti nctures of iodine have excellent 
anti microbial eff ecti veness against a broad spectrum of viruses. Almost all microorganisms causing human 
disease are suscepti ble to free iodine released by the povidone iodine complex. Povidone iodine can be 
applied onto the texti le materials to make it anti viral by using the coati ng technique. Coati ng is a technique 
through which functi onal materials are layered onto a substrate to enhance the surface properti es. Uniform 
coati ng over a texti le surface can be applied by using reverse roll, rod and gravure coati ng techniques. 
Coati ng can be of a single layer as well as multi -layered. The multi -layer coated fabric shows bett er anti viral 
properti es. Snyder (Patent No.US5968538A, 1999) prepared a coati ng soluti on which contains an acti ve 
ingredient (71.5%) and a premix soluti on (28.5%). The acti ve ingredient comprised of 6.7% of Nonoxynol 
9 (N9) and 93.3% of polyvinyl-pyrrolidone-iodine complex (PVP-I). The premix soluti on which acted as a 
binder was comprised of 54.6% of polyethylene glycol, 5.4% of hydroxypropyl methylcellulose, 7.2% of 
polyoxyethylene sorbitan, 11.5% of hydrous magnesium silicate and 21.3% of ethanol. The combinati on of 
PVP-I and N9 imparted anti viral and hydrophilic properti es to the coated substrates. Upon absorpti on of 
moisture by the coati ng material, PVP-I releases free iodine which acts against the viruses [42]. According 
to Bigliardi et al. [32] free iodine has excellent penetrati on capacity against biofi lms, which accelerates the 

BAR G, BISWAS D, PATI S, CHAUDHARY K, BAR M. Antiviral Finishing on Textiles … TLR 0 (0) 2020 00-00. 

 

Figure 6. Preparation of antiviral microcapsules and their application onto cotton fabric by using honeysuckle extract 

Povidone iodine-based coated textiles 

Ripa et al. [43] have reported that iodophors i.e. povidone iodine and tinctures of iodine have 

excellent antimicrobial effectiveness against a broad spectrum of viruses. Almost all microorganisms 

causing human disease are susceptible to free iodine released by the povidone iodine complex. 

Povidone iodine can be applied onto the textile materials to make it antiviral by using the coating 

technique. Coating is a technique through which functional materials are layered onto a substrate to 

enhance the surface properties. Uniform coating over a textile surface can be applied by using 

reverse roll, rod and gravure coating techniques. Coating can be of a single layer as well as multi-

layered. The multi-layer coated fabric shows better antiviral properties. Snyder (Patent 

No.US5968538A, 1999) prepared a coating solution which contains an active ingredient (71.5%) and 

a premix solution (28.5%). The active ingredient comprised of 6.7% of Nonoxynol 9 (N9) and 93.3% of 

polyvinyl-pyrrolidone-iodine complex (PVP-I). The premix solution which acted as a binder was 

comprised of 54.6% of polyethylene glycol, 5.4% of hydroxypropyl methylcellulose, 7.2% of 



www.textile-leather.com    13

BAR G, BISWAS D, PATI S, CHAUDHARY K, BAR M. Antiviral Finishing on Textiles … TLR 4 (1) 2021 5-22.

penetration of iodine through the virus cell wall. The virucidal activity of iodine involves the inhibition of 
vital mechanisms by oxidizing the fatty/amino acid and deactivating the proteins as well as DNA or RNA 
[49]. It is observed that antiviral effectiveness of the 10%-povidone-iodine exhibits promising results against 
certain viruses as compared to polyhexanide, chlorhexidine and the 70%-ethanol [42].

Antiviral textiles treated with copper compound 

Textile materials treated with copper-based compounds show excellent antibacterial properties which 
inspire the researchers to study its influence against the viruses. Organic and inorganic colloidal, nano-
sized copper-compound particles can be applied onto textile substrates in various ways, such as the high-
temperature exhaust process, sol-gel process, foulard, and spray method [37]. According to Borneman [37], 
a polyester fabric was treated with copper pigments in mild acidic condition by using the high-temperature 
exhaust process. Further, the treated fabric was padded with a polymer binder and was cured subsequ-
ently to fix the copper pigment over the fabric surface. The antiviral test result indicated that the finished 
fabric was efficiently hygienic when tested against the bacteriophage MS2. It absorbed 91% of the virus 
from the affected source and at the same time 90% of the virus concentration was reduced in the cloth 
[37]. The copper released electrically positive charged particles which broke the outer membrane of the 
virus. They also destroyed the genetic compound, thereby making it impossible for the virus to replicate 
[50,51]. According to current research, copper particles interact with the oxygen molecule to form a reac-
tive oxygen species (ROS). The ROS reacts to inactivate the virus, it results in fragmentation of the genome 
of the virus on the copper surface, ensuring that the inactivation is irreversible [52].
Fujimori et al. (Patent No. EP2786760A1, 2014) have observed that when a fibre having a carboxyl functional-
group is impregnated in the dispersed divalent copper compound solution, a salt-stabilizer is required to 
control the uniform attachment of the divalent copper ion onto the fibre surface. This restricts the amount 
of the copper compound that can be attached to the fibre, thus leading to insufficient antiviral perfor-
mance. Antiviral activity of these fibres can be improved further by using a monovalent copper compound 
like CuCl, CUI, CuBr etc. or an iodide compound of Cu, Ag, Sb, Ir, Ge, Sn, Tl, Pt, Pd, Bi, Au, Fe, Co, Ni, Zn, In or 
Hg, instead of a divalent copper compound. Test result indicates that copper (I) chloride (CuCl) gives best 
antiviral effectiveness compared to the other compounds mentioned above. The dispersed CuCl solution 
can be applied over all kinds of textile surfaces with the help of a binder, which immobilizes the CuCl on 
the fabric surface. Antiviral synthetic fibre can be produced by adding CuCl to the molten polymer before 
the extrusion of fibre [53]. According to Gabbay (Patent No. US7169402B2, 2007), an antiviral synthetic 
fibre can be produced by adding ionic copper powder having particle size below 10 microns to the polymer 
slurry before the extrusion with a solid content range from 0.25% to 10%. It was observed that the active 
copper particles encapsulated in the fibre with certain portions protrude and expose from the surface of 
the polymeric fibre and make the fibre antiviral. Test result proclaims that viral inactivation rate of 0.25% 
of CuCl is 99.9999% against influenza and Feline Calicivirus with the exposure time of only 1 minute [54]. 
Diaz (Patent No. WO2015035529A2, 2015) has claimed that an antiviral fabric can be produced by using 
copper filaments. A plied yarn was produced by using copper filament along with a textile yarn, as shown 
in Figure 7. Further, this yarn was converted to a textile fabric. In contact with the atmospheric oxygen, 
the copper filament oxidizes into cuprous oxide and cupric oxide. These copper oxides form a layer on the 
copper surface and release positively charged copper ions which further inactivate the virus [55].
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Figure 7. Plied yarn with copper as a component

Metal phthalocyanine based antiviral textiles

Phthalocyanines have been used for photodynamic therapy in medical science since long ago. Phthalocya-
nines can photosensiti ze by absorbing light in the presence of oxygen leading to the generati on of an excited 
sensiti zer. The excited sensiti zer modifi es the biomolecules, such as amino acids, protein, lipid and nucleic 
acid by oxidati on reacti on which leads to the inacti vati on of the microbes [56,57]. Metal phthalocyanine 
compounds can be applied onto the texti les by using the ionic dyeing method. Matsushita et al. (Patent No. 
EP2243485A1, 2010), cati onized a rayon fabric by dipping it into a soluti on containing 50g/L of cati on UK, 
a cati onic agent and 15g/L of sodium hydroxide for 45 min, at 85 °C having material to liquor rati o of 1:10. 
Further, the cati onized fabric was treated with 1% cobalt (II) phthalocyanine monosulfonic acid and cobalt 
(II) phthalocyanine disulfonic acid in a strong alkaline medium adjusted by sodium hydroxide soluti on (pH 12) 
at 80 °C by using the exhaust method. The cati onizati on treatment improves the carrier eff ect of the metal 
phthalocyanine derivati ve and enhances the anti viral eff ect of the metal phthalocyanine. Cobalt (II) phtha-
locyanine monosulfonic and cobalt (II) phthalocyanine disulfonic acid can be replaced by iron (III) phtha-
locyanine tetracarboxylic acid to obtain similar anti viral properti es. Figure 8 shows the chemical structure 
of cobalt (II) phthalocyanine monosulfonic acid, cobalt (II) phthalocyanine disulfonic acid and iron (III) phtha-
locyanine tetracarboxylic acid. Metal phthalocyanines have enzyme-like catalyti c acti vity and it has been 
found that protein denaturati on is induced by the adsorpti ve properti es and redox catalyti c functi ons of the 
metal phthalocyanines. Virus ti tre test result of the rayon fabric treated by metal phthalocyanine indicates 
virus reducti on rate of 99% or above when tested against the avian infl uenza virus. However, only cati o-
nized rayon fabric shows a virus reducti on rate of 96.83% which explains the impact of cati onizati on [38].
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Cationic surfactant-based treatment

Cati onic surfactants synthesized from the condensati on of esterifi ed dibasic amino acids and fatt y acids 
are widely used as fi nishing agents for texti les and as disinfectants in detergents [58]. However, they can 
also be used as an eff ecti ve anti microbial agent because of their biocidal properti es. Quaternary ammo-
nium compounds, a type of a cati onic surfactant, are eff ecti ve against many bacteria as well as enveloped 
viruses, whereas non-enveloped viruses are highly resistant against it [59]. Cati onic surfactant having a 
polyoxyalkylene group in combinati on with a water miscible solvent exhibits anti viral acti vity against both 
enveloped and non-enveloped viruses on texti le materials [60]. Tobe et al. (Patent No. JP6519080B2, 2019) 
prepared an anti viral compositi on containing 0.2% of didecyl methyl poly (oxyethyl) ammonium propionate, 
a cati onic surfactant, 10% of ethanol and a water miscible solvent and have treated a texti le fabric by using 
the aerosol spray method, followed by air-drying. The weight pick-up of the texti le fabric was restricted to 
50%. Ethanol improves the permeability of the cati onic surfactant into the fi bre and helps enhance the anti -
viral eff ect. A 99.9% drop in virus concentrati on on the surface of the texti le material was observed when 
the texti le material treated with the abovementi oned anti viral compositi on was tested against Feline cali-
civirus aft er leaving it for 1 hour [60].

Chitosan based antiviral treatment

The use of biomaterials in developing protecti ve texti les has increased rapidly due to their eco-friendly, 
biodegradable and non-toxic properti es. Among biomaterials, chitosan is widely uti lized for multi -functi -
onal fi nishes on texti le materials such as the anti microbial fi nish, mosquito repellent fi nish, crease resistant 
fi nish etc. [61,62]. Chemical structure of chitosan is shown in Figure 9. Chitosan is generally obtained from 
crab shells, shrimp shells, lobsters as well as the exoskeleton of the zooplankton like corals, jellyfi sh etc. 
[63,64,65]. It contains a large amount of positi vely charged nucleophilic amino groups which damage the 
virus’ cell membrane. The eff ecti veness of chitosan’s anti viral acti vity is enhanced when a texti le material 
is treated with chitosan along with organic acid crosslinking agent, plant extract and sodium phosphate. 
Xinming (Patent No CN105506984A, 2016) prepared an anti viral soluti on containing 0.5% of hydroxypropyl 
chitosan, 0.6% of O-carboxymethyl-N, N, N-trimethyl ammonium chloride chitosan, 1% of butane tetra-
carboxylic acid, 1% of citric acid, 2% of sodium phosphate, 0.6% of folium artemisiae argyi extract, 0.4% of 
dandelion extract, 0.6% of tea extract and 0.8% of aloe vera extract and has applied the same over a texti le 
surface through the pressure-rolling process having the weight pick-up 70-100%. Aft er that, the fabric was 
dried at about 100-120 °C and baked at 150-190°C for 2.5-5 minutes. On evaluati on, it was observed that 
the treated fabric had high effi  cacy (more than 99.9%) against a broad spectrum of viruses [66].
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Antiviral treatment for nonwoven textiles

Nonwoven fabrics are a wide range of fibrous materials, which are formed through direct fibre web forma-
tion. They are widely used for filtration purposes for their high air permeability, abrasion resistance, uniform 
structure, etc. [68]. A nonwoven fabric can also be used for inhibiting the growth of microbes, especially 
viruses, when treated with acidic polymers. Poly carboxylic acid polymer is preferable as an acidic polymer 
to treat nonwoven fabric. The acidic polymer can be applied on nonwoven fabric in combination with organic 
acid, plasticizers or surfactants in different ratios in order to enhance the antiviral performance of the treated 
fabric. Biedermann et al. (Patent No. WO2008009651A1, 2008) prepared a loading solution containing 2% 
(w/w) of carbopol ETD 2020, a poly carboxylic acid polymer and 1% (w/w) of citric acid and have coated a 
polypropylene nonwoven fabric with the abovementioned loading solution. When a virus came into contact 
with the coated nonwoven surface, it interacted with the acidic polymer and was subsequently entrapped. 
The acidic environment (pH 2 to 2.5) of the acidic polymer inactivated and neutralized the virus. A reduc-
tion in viral titre around 99.97% was observed when nonwoven fabric coated with the acidic polymer was 
tested against the avian influenza A NIBRG-14 H5N1 virus with an hour of contact time [69].
Kim (Patent No. KR101317166B1, 2013) treated a nonwoven fabric using the kimchi enzyme to make it 
antiviral. Kimchi is a type of fermented Korean food. Kimchi enzyme is obtained by culturing the lactic acid 
bacteria after aging kimchi. An aqueous antiviral solution comprised of kimchi enzyme (10%) and polyvinyl 
alcohol resin (25%) was prepared and sprayed onto the nonwoven polyester fabric by using the electros-
pinning method, followed by drying at 100 °C. The finished fabric contained 3% w/w of kimchi enzyme 
and 7% w/w of polyvinyl alcohol resin. It was observed that the virus log reduction value of the nonwoven 
fabric treated with kimchi enzyme is more than 4.9 (>99.87%) when tested against the influenza A virus 
after being incubated for an hour. The ingredients of kimchi, such as green onion and ginger, hinder the 
virus growth further [70].

Antiviral treatment for nonwoven textiles

The idea of developing antiviral textiles is a novel one. Only a few studies on developing antiviral textiles 
have been carried out and most of these studies have been patented. The viruses for antiviral testing, test 
conditions etc. are different from one study to another. Hence, very limited information is available for 
the comparison of existing antiviral textiles. Here, the effectiveness of antiviral finish and its durability are 
considered for the comparison of various antiviral finished textile materials. The effectiveness of an anti-
viral textile material depends on the antiviral compounds used and the virus against which the material is 
being tested. It is observed that textile materials treated with monovalent copper compound, metal phtha-
locyanine, acidic polymer and kimchi enzyme showed a virus reduction rate of more than 99% when tested 
against the influenza virus [38,53,54,69,70]. Textiles treated with a cationic surfactant and textiles treated 
with chitosan show a similar result when tested against the feline calicivirus [60,66]. 
Durability of the antiviral finish on the textile material depends on how frequently the product is washed. 
In the case of single-use health care and hygiene products, durability is least important while in the case 
of daily used apparel and home textile products, durability influences its effectiveness. It is observed that 
fabrics treated with the honeysuckle extract, chitosan, kimchi enzyme and metal phthalocyanine are durable 
for several washes [38,41,66,70]. The premix binder solution makes textile material coated with povidone 
iodine durable and imparts sanitizing activity to the finished product [42], whereas textile materials treated 
with a cationic surfactant are semi-durable. Along with effectiveness and durability, skin-friendliness is 
another important parameter which determines whether the finished textile is suitable for garment manu-
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facturing or not. Kimchi enzyme, chitosan and honeysuckle are extracted from bio-sources. The treated 
textile materials are safe for the skin when these bio-extracts are applied onto the textile fabric within the 
permissible limit [41,66,70]. Textile materials treated with acidic polymer and a cationic surfactant are also 
skin-friendly as the abovementioned chemicals exhibit excellent antiviral property at a very low add-on 
level. Polyester fabric treated with the copper pigment and CuCl gives excellent antiviral activity but these 
are not recommended for apparel as they induce skin irritation in case of direct and prolonged contact 
with the skin [53,54,71].

Possible areas of application of antiviral textiles

Looking at the outbreak of deadly viruses in the past and considering the ongoing pandemic scenario, the 
antiviral property should be one of the most desirable requirements for any textile product. However, 
textile materials are not inherently antiviral, they need to be treated with some suitable chemical agents 
to impart the antiviral property. This treatment raises the cost of the finished product and, moreover, not 
all antiviral agents are environment friendly. Thus, one should use antiviral textiles where it is necessary. 
The healthcare sector should be the prime consumer of antiviral textiles, as the personnel connected to 
this sector deals with the virus-affected patients directly. Depending upon the number of uses, the textile 
for healthcare sector are of two types, namely single-use products and multiple-use products. Surgical 
gowns, surgical caps, facemasks etc. are the example of some single-use textile products while the pati-
ents’ bed covers, pillow covers, window curtains etc. are the example of multiple-use products. The single-
use textiles can be treated with non-durable antiviral agents while the durability of the antiviral finishing is 
one of the major requirements for the multiple-use products. After healthcare, the public transport sector 
should be the next major consumer of antiviral textiles. Majority of the world’s population depends on 
public transport on a daily basis which increases the probability of virus transmission followed by surface 
contamination. Therefore, there is a great scope of use for the antiviral polyester fabric treated with CuCl 
or polyester fibres embedded with ionic copper powder by dope finishing for seat covers and curtains in 
buses and trains because of their high antiviral efficacy and excellent dirt-cleaning efficiency. Furthermore, 
train and bus seat covers can also be coated with povidone iodine and nonoxynol 9 coating solution for 
their self-sanitizing activity. Like healthcare and public transport sectors, textile materials used in hospita-
lity sectors should have antiviral properties. In hotels, bed linens, table linen and bath linen are frequently 
used by different customers. To prevent the possibility of any viral transmission the above textile products 
should be treated with some suitable antiviral agents. During the pandemic situation, antiviral properties are 
preferable for the garments also. Fabrics treated with the honeysuckle extract, chitosan and kimchi enzyme 
are durable for up to several washes. The abovementioned antiviral agents are bio-based and do not have 
any adverse effect on human skin. The fabrics treated with the abovementioned antiviral compounds can 
be used for outerwear garments, like shirts, T-shirts, trousers, tops, skirts and bottoms. These fabrics can 
also be used for sportswear and military wear. For instant antiviral effect, any type of textile products can 
be treated with a cationic surfactant-based antiviral composition by using the dipping or spraying method, 
followed by air drying.

CONCLUSION

Looking at the current scenario, the need for antiviral textiles is becoming essential. Researches are being 
carried out to keep up the pace with the market demand and safety of the people. Textile materials are 
treated with various synthesized chemicals such as triclosan, copper compound, acidic polymer, povi-
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done iodine, cationic surfactant, and metal phthalocyanine as well as with some natural extracts such as 
honeysuckle extract, chitosan and kimchi enzyme, in order to impart antiviral property to them. Most of these 
textiles treated with chemicals and bio-extracts show excellent antiviral property against a wide spectrum 
of viruses. Keeping the disastrous viral diseases and pandemics in mind, the above antiviral agents can be 
applied onto various textile products to fight against the SARS-CoV-2 virus, thereby providing a meaningful 
solution for saving the mankind. Antiviral textiles continue to be one of the most dynamic fields of research 
and one that needs to be on the lookout for novel technologies.
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