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Antibacterial textiles

Antibiotic resistance is one of the most critical health issues to human health in the world. The emergence has stimulated
intensive research in many fields, including the development of antibacterial fabrics and novel broad-range biocides for
textiles.

\ Antibacterial test in STIIMA

Biella biological lab

» Standard test method for
determining the antimicrobial activity
of antimicrobial agents under
dynamic contact conditions (ASTM
E 2149-2013);

» Antibacterial finishes on textile
materials: assessment of (AATCC
100-2012);

» Determination of antibacterial

Gtimicrobial finishes are used in many textile products, such as:
* Sportswear and outdoor apparels
* Undergarments
* Shoes
* Furnishings and upholstery
* Hospital linens
* Wound care wraps
* Towels and wipes.

Other applications are for antibacterial filter applications (biotechnology processes, water

e s . . . e activity — Agar diffusion plate test
purification, clean rooms, operating theatres, high volume air-conditioning systems, ...). (EN ISO 20645)
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Escherichia coli Staphylococcus aureus  Klebsiella pneumoniae
(Gram-negative) (Gram-positive) (Gram-negative)
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Differences between bacteria and virus

Bacteria

Bacteria are living micro-organisms forming a
biomass which exceeds that of all plants and
animals on Earth.
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Our strategies

In situ deposition on textile

materials of polypyrrole

-

Electrospun keratin nanofibres for
biomedical devices and with TiO, and Ag
for military safety against NBC
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UV-cured chitosan filters for water depuration

and antimicrobial textiles
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Polypyrrole deposited on textiles

f71°%  MINISTERD
vay 4 FESA “Difesa dell’individuo tramite fabbricazione di tessuti agenti da protezione attiva e passiva” /%F abncSa fe

REPVBBLICA ITALIANA

Sample (amount of PPy) Bacterial Reduction %
(S. aureus)
Untreated fabric (0 % wt.) 16
PPy-coated fabric (2 % wt. PPy) 18
PPy-coated fabric (3 % wt. PPy) 95 .
PPy-coated fabric (9 % wt. PPy) 100 A G
PPV'COEtEd fabric (25 % wit. PP\/) 100 Colony counting: a) untreated cotton; b} PPy coated samples

Bacteria reduction is 100% also against Escherichia coli and Klebsiella pneumoniae (at 9 % wt. of PPy)

Bacteria on untreated cotton fibres had typical and regular
bacterial shapes indicating that the E. coli survived on the
fibre surface.

On the contrary, the shape of E. coli cells was altered on
PPy-coated fibres.

In particular, bacteria appeared flattened probably due to
the leakage of intracellular components from bacterial cells.

= | Ppy-coated

Useful also against NBC (Nuclear Biological Chemical) agents, because bacteria reduction is
100% against Bacillus subtilis (simulating Bacillus anthracis)




Polypyrrole nanoparticles

“Pre-commercial lines for production of surface nanostructured antimicrobial and protect
anti-biofilm textiles, medical devices and water treatment membranes” (Grant no.
720851, start: 01/01/2017)

STIIMA Biella activities: production of water nanoparticles dispersions of antibacterial
polypyrrole suitable for textile finishing by continuous coating processes (spraying and
ultrasound)

PPy nanoparticles were deposited on
PPy amount evaluated by colorimetric analysis and antibacteria reductions of treated fabrics. polyester fabrics by an ultrasound-assisted
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¢ Datacolor Excellent bacteria reduction 0 1 10 100 1000
Antibacterial tests showed better biocidal activities for fabrics treated PRy [ppm]
with great amount of polypyrrole




Chitosan

Fast and cheap water decontamination filtration process to eliminate microorganisms

UV lamp I

. ) Cotton gauzes were coated with chitosan using an UV- i H
In collaboration with , g 4 with cationized | purgeboc-
Politecnico di Torino cur.mg proce.ss and compared with ca .lonlze samples [
by introduction of quaternary ammonium groups. -:.......
s
pump
Cotton wiléh chitosan
filter holder ——
S.aureus K. pneumoniae
o0 00 a) Chitosan coated
N\, % b) Cationized
bacteria inoculum % %1 % & 8
§ 60 - § 60
magnetic stirring b g L\ Fast biocidal
ga 3401 b 3} action of
. . . g b 8 £ "~ chitosan!
Treated gauzes were tested in static and dynamic |¢» g 8 20 I
conditions, as water filter for biological disinfection | o
against both Gram-negative and Gram-positive bacteria. L L P

Best results were related to S. aureus, where 99% of reduction was obtained at the first sampling, corresponding to a contact time of 4 s. At

the same contact time, 80% reduction was obtained against K. pneumoniae, nevertheless 98% bacterial reduction was reached after 8 s of
contact, already an interesting time.



Keratin nanofibers

Con fack E. coli S. aureus \
time

(h] reduction [%] reduction [%]

No biocidal action

= Keratin/PEO Keratin + BABP-IRG (7%) SIoreleaselot
(" Lipid binding protein IRG thlrough the
Keratin + BABP-IRG (7%) nanofibers

@ IWrgasan

Nanofibers with a host/guest complex in the keratin/PEO matrix were prepared. The host was a lipid binding protein and the guest was
Q insoluble bactericidal molecule, irgasan, bound within the protein internal cavity. The obtained nanofibers exhibit excelley
a

ntibacterial activity toward Gram positive and negative bacteria, even with a moderate protein/irgasan cargo.

/Peri-implantitis is still a serious clinical scenario, in which the success of implants, and tissue healing, are severely limited m
inflammation caused by bacterial infection. To address this difficulty an innovative surface modification technology has been proposed.

S. aureus viability S. aur:n;s viability
hrs

Deposition of keratin nanofibers on titanium surfaces Ec:'i m .,
by electrospinning, and their enrichment with silver by “ r - ‘ r >
means of immersion in silver nitrate solutions. The — 7w me e mes w7 e s s s
— modified surfaces were found to counteract bacterial S.sureus vty g
Cells growth onto keratin contamination (in a dose-dependent manner), £. . ] I — § o
nanofibers without maintaining biocompatibility and the ability to support = Fvl e e
e e s s %

Time (hours)

\ damaging them and improve fibroblast adhesion and proliferation. b T /




Starting projects
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Anticipating Safety Issues at the Design Stage of NAno Product Development
Call: H2020 NMBP-15-2019: Safe by design, from science to regulation: metrics and main sectors (RIA)
CNR Coordinator — Expected starting date: 01/02/2020
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Piano Nazionale della Ricerca Militare (PNRM) 2018

CNR Coordinator (Partner: Policlinico Militare di Roma)

Low-cost nanotechnology solutions for water purification and clean energy generation
(hydrogen) to develop a field mobile system.
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