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Abstract: A smart textile for live bacteria detection of antimicrobial hospital tissues is here proposed.
The capacity to detect viable bacteria is based on the use of Prussian Blue (PB) as electrochromic
compound, with a clear reversible change of colour from PB to Prussian White (PW) after reduction
from a bacterial metabolism process. PB nanoparticles are incorporated to polyester cotton fabrics
by ultrasonic deposition. After performing different tests with bacterial samples of E. coli and S.
aureus, a full colour change of the textiles was observed. These smart textiles will allow to determine
the self-life of the antibacterial compounds as well to improve the control of hospital infections.
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1. Introduction

Nosocomial or hospital-acquired infections (HAI) are infections that the patient acquires in the
hospital due to contaminated equipment, bed linens or air droplets, among others [1]. In an attempt
to minimize the number of HAI, antibacterial textiles have been developed by incorporating
bactericidal compounds in the textile. However, these textiles progressively lose their antibacterial
activity with time, increasing the risk of contamination and infection.

From the myriad of strategies to detect bacteria, those based on DNA strains (DNA-sensors) [2]
or antigens/antibodies (immune-sensors) [3] are not appropriated since DNA and antigens are very
stable and may be present in the textile long after bacterial colonization. Alternatively, metabolic
indicators are molecules that only change when they are in contact with live bacteria [4]. Concretely,
bacteria metabolizes the compound producing a change in conductivity, pH or colour. In defined
substrate technology, colourless substrate is selectively metabolized by bacteria, which allows
identification. However, their application is limited to natural environments due to the heterogeneity
of the bacterial population. Alternatively, a number of electrochromic compounds, which present a
different colour for the oxidized and the reduced forms, have demonstrated capacity to act as final
electron acceptors in the electron transport chain, as some electrochromic molecules [5]. This is the
case of Prussian Blue (PB). This colour change capacity is here exploited for the development of a
smart textile sensitive to the presence of living bacteria with the ultimate goal of being implemented
in antibacterial tissues for shelf-life determination.
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2. Materials and Methods

2.1. Prussian Blue Deposition

Prussian Blue nanoparticles were deposited into polyester cotton textiles by a ultrasound coating
process. Textile samples (3 x 3 cm) were immersed in a solution of Prussian Blue 0.25 mM and were
sonicated with a frequency of 37% at 20 °C during three different period of times (5, 15 and 30 min).

2.2. Bacterial Assays

Polyester cotton fabrics modified with Prussian Blue 0.25 mM, were incubated with bacterial
samples of Escherichia Coli (E. coli) and Staphylococcus Aureus (S. aureus), with 5.7 x 1010 and 5.9 x 101
CFU/mL, respectively, during 24 h, in a phosphate buffer solution with 0.1% of glucose. For the
textiles with deposited antimicrobial nanoparticles, the same procedure was used.

3. Results and Discussion

PB molecules were susceptible to microbial reduction by bacterial metabolism electron transfer
processes. According to the scheme presented in Figure 1 in the electron transport chain of E. coli, the
redox potential of PB was small enough to interact with many of the proteins and mediators present
there being reduced.
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Figure 1. Scheme of the electron transport chain of E. coli.

The smart sensing textile is produced by ultrasonic deposition of PB nanoparticles in polyester
cotton fabrics (Figure 2a). After short sonication processes (below 30 min) at 0.25 mM PB, sensing
molecules are stably entrapped and homogeneously distributed in the matrix of the fabrics (Figure 2b).

Furthermore, the textiles were tested using reducing and oxidizing agents (Figure 3), showing
the reversibility of the process. When the textile with Prussian Blue incorporated is in contact with
the reducing agent, a change from PB to Prussian White form is showed. However, after oxidizing
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agent addition, unmodified textiles show the reversibility to the PB form in the most part of the
textile. This phenomenon could be due to the fact that PB could be partially solved into the medium
produced by the insertion of potassium cations into the cubical structure of Prussian Blue.
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Figure 2. (a) Polyester cotton fabrics unmodified and (b) modified with Prussian Blue 0.25 mM by
ultrasonic deposition.
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Figure 3. Reversibility assays in the textiles, using as reducing agent NaBH4 0.5 M and as oxidizing
agent H20:2 (30% wt).

To demonstrate the sensing capacity of PB, modified fabrics were incubated with bacterial
samples of E. coli (Figure 4b) and S. aureus (Figure 4c) during 24 h, as model gram-negative and
grampositive bacteria. Samples in contact with microorganism lost their initial blue colour by the
metabolic reduction of both microorganism, obtaining Prussian White, whereas control samples in
culture medium remained blue (Figure 4a).
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Figure 4. (a) PB modified fabrics in culture medium. (b) Modified samples after 24 h of incubation
with E. coli (5.7 x 10" CFU/mL) and (c) S. aureus (5.9 x 10'° CFU/mL).

After bacterial assays, reversibility tests were carried out on the textiles with the Prussian White
form on them (Figure 5), showing the completely reversion to Prussian Blue after addition of
hydrogen peroxide (oxidizing agent).
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Figure 5. Reversibility assays after 24 h of bacterial incubation.

Electrochemical and optical assays are currently conducted to understand the dynamics of the
process and to evaluate the potential sensing capacity of the smart sensor.

4. Conclusions

A smart electrochromic textile sensitive to live bacteria presence in antimicrobial hospital tissues
is here proposed. The capacity to detect viable bacteria is based on the use of Prussian Blue as
electrochromic compound with a clear reversible change of colour, from PB to Prussian White after
reduction caused by an electron transfer process from the reactions involved in the bacterial
metabolism. PB nanoparticles are incorporated to polyester cotton fabrics by ultrasonic deposition.
Reversibility assay shows a possible redissolution of some PB incorporated into the textile after
reduction-oxidation cycles. Textiles in contact with samples of E. coli and S. aureus show full colour
change in less than 24 h. After bacterial assays, full blue coloration could be recovered with the
oxidation of PW, showing the stability of the PB into the textiles. Finally, it is worthy to note that
these smart textiles will not only allow to determine the self-life of the antibacterial compounds but
also to improve the control of hospital infections.
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