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The global Covid-19 pandemic and cross-contamination
in hospitals has led to a serious public health problem and
severe economic consequences [1]. As the Coronavirus panic
continues to spread across the world, engineers and scientists
are working hard to find new ways of developing novel
respiratory protective devices. In the context of this prevention,
the creation of antimicrobial textiles for medical applications
(masks, gloves, surgical gowns ...) appears an urgent necessity
to fight against infections caused by pathogenic viruses and
bacteria. Antimicrobial agents are molecules with the ability
to kill microorganisms (biocides) or prevent their growth
(biostatics). There are many antimicrobial molecules that can
be used for the functionalization of textiles, the most widely
used in the field of textiles are triclosan and its derivatives,
zeolites (silver and copper or silver and zinc aluminosilicates),
quaternary ammoniums, mineral powders (silver and copper),
phenols, polyphenols, chitosan, silver ions, antimicrobial
peptides and lytic enzymes [2-5].

Antimicrobial peptides and enzymes are proteins whose
basic structural units are amino-acids. These amino-acids are
joined by peptide bonds to form polypeptide chains. Some
radicals of the amino acids have NH, functions allowing
their immobilization by covalent bonds on insoluble supports
such as cotton cellulose [6-8]. For covalent bond formation, a
prior activation of the cellulosic fibre networks is necessary.
Numerous physico-chemical processes exist and are exploited
to improve the properties of cellulosic fibrous materials.
The chemical approach involves selective oxidants towards
the cellulose hydroxyl functions such as sodium periodate
(NalO,), nitrogen peroxide (N,O,), hydrogen peroxide (H,0,),
sodium hypochlorite (NaClO), ozone (O,); and 2,2,6,6-
Tetramethylpiperidine-1-oxyl.radical (TEMPO). Among these,
sodium periodate oxidation is characterized by its simplicity
of use and its commercial success. Indeed, sodium periodate
remains one of the most selective oxidants in sugar chemistry.
It allows a C-C, cycle opening with functionalization at the
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same sites (Figure 1). Another (physical) approach can be
envisaged with the use of cold plasmas. Indeed, some of these
partially excited gases react with cellulose and can give rise to
oxidation reactions [6-8].

Several antimicrobial enzymes and peptides have been
immobilized on cellulose for application in the medical, sports
and food industries. The immobilization on synthetic supports
generally brings a possibility of cyclic use, a better mechanical
and thermal stability as well as an easier control of the kinetic
parameters [9-11].

Proteases and nucleases have been used to degrade proteins
and nucleic acids of wviral particles. Ribonucleases (or
RNAases) catalyze the degradation of RNA. They are very
stable and active and generally do not require co-factors
to function. RNAases are difficult to inactivate, and usually
minute amounts are sufficient to destroy viral RNA. Trypsin,
chymotrypsin and proteinase K are digestive proteases that
are effective in breaking down viral capsids. Trypsin cleaves
proteins after the positively charged amino acids lysine or
arginine, chymotrypsin after aromatic or hydrophobic amino
acids such as tyrosine, phenylalanine or leucine. Proteinase
K is an enzyme of the serine protease family. It is commonly
used in molecular biology to digest proteins and remove
contaminants from nucleic acid preparation. The use of
proteases and immobilized nucleases for biotechnological
applications is widely studied in the literature and is the subject
of several international patents [12-17].

Antimicrobial peptides generally contain between 12 and 50
amino acids. These peptides exert a variety of antimicrobial
activities, ranging from membrane permeabilization to
action on a range of cytoplasmic targets. They have shown
bactericidal effects against the most threatening bacteria to
human health such as “Acinetobacter”, “Pseudomonas”, and
various enterobacteria (including “Salmonella”, “Klebsiella®,




“E. coli”, “Serratia”, and “Proteus”). Nisin is a polycyclic
antibacterial peptide with 34 amino acid residues. It is used as
a food additive (preservative) under the number E234. Nisin is
produced by the lactic acid bacterium Lactococcus lactis. It is
a type A lantibiotic that dissipates proton-motor force through
pore formation and interferes with peptidoglycan synthesis.
While most bactericides generally only inhibit closely related
species, nisin is a rare example of a broad spectrum bactericide
that is effective against many Gram-positive bacteria. The
antiviral activity of nisin has been well documented. Lactoferrin
has a broad antimicrobial spectrum ranging from Gram- and
Gram-+ bacteria, yeasts, fungi, to certain viruses and protozoa.
The main mechanism by which it exerts its bacteriostatic action
is iron deprivation. Lactoferrin also exerts bactericidal activity
independent of its iron chelating function. Through its ability
to bind directly to LPS and lipoteichoic acids, lactoferrin
destabilizes the membrane of bacteria, causes their fragility
and increases their permeability. It exerts biocidal activity
against DNA and RNA viruses, particularly those of hepatitis,
herpes and HIV. The mechanism of lactoferrin’s antiviral action
is not fully elucidated. Nevertheless, in most in vitro studies,
lactoferrin inhibits virus attachment and entry to host cells.
Lactoferrin also appears to have the potential to inhibit viral

replication of HIV-1, chronic hepatitis C and rotaviruses. Early
clinical trials showed that oral administration of lactoferrin
increased the reduction in viral load in Herpes virus-infected
patients treated with acyclovir [18-25].

In conclusion and based on this bibliographic search and
analysis, it is theoretically and technically possible to design
and manufacture a sophisticated virucide face mask, which
will be able to degrade the virus components, particularly
its genetic material (RNA) and its capsid (consisting
essentially of proteins) (Figure 2). Degradation will be
achieved by commercial enzymes (proteases and RNAases)
immobilized on cellulose, a major component of cotton
masks. The performance of this bioactive face mask will be
easily evaluated by specific antiviral tests. In order to further
improve its biocidal efficacy, antimicrobial peptides such as
nisin (anti-Gram+) and lactoferrin (anti-Gram-) will also be
co-immobilized. This mask will have the properties of being
sufficiently virucidal, bactericidal, immunogene, totally
harmless, reusable, comfortable and easy to wear in compliance
with standard procedures. It will thus represent one of the best
forms of protection for medical staff and target population
against viral agents and pathogenic bacteria.
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Figurel : Activation and immobilization steps needed to obtain bioactive textile.
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Figure 2 : Representative scheme illustrating the design of a virucidal face mask based on nucleasic and proteolytic enzymes
immobilized after chemical activation of cotton cellulose with periodate.
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