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Antibacterial surfaces can play a key role in a great number of everyday applications,
spanning from biomedical purposes (medical devices, protection equipment, surgery tools,
human implants, etc.) to usages for food and beverages (e.g., packaging). Such surfaces are
fundamental to prevent the occurrence and diffusion of clinical infections and foodborne
diseases, or to preserve the quality of the packaged content.

Different approaches can be pursued to confer antimicrobial properties to a given
surface, such as the incorporation of antibacterial agents within the material surface or their
deposition as coating films. Several organic (enzymes, natural extracts, etc.) and inorganic
(metals, oxides, etc.) antibacterial agents, each with their own peculiar characteristics, are
continuously studied and tested, seeking for ever-improved performance. In particular,
in recent decades, new and ever more efficient materials have been experimented and
effectively used in the aforementioned applications, especially after the enormous advances
in nanotechnologies.

At the same time, together with the antimicrobial performance, for such kinds of
applications, other essential aspects should be considered, such as the enhancement of
other materials properties (mechanical, optical, wettability, etc.), as well as human safety
issues, biocompatibility and environmental aspects.

In this framework, this Special Issue was aimed to collect original research works and
reviews dealing with antibacterial surfaces and related aspects, from advances in materials
and surface engineering, to characterization and functional properties, toxicity/safety for
human health, and environmental aspects.

This Special Issue includes nine research papers and one review, relating to vari-
ous strategies aimed at contrasting bacterial proliferation on surfaces or studying the
biocompatibility of materials for many different applications.

In the first research work [1], different amounts of silica (SiO2) nanoparticles were
added into Poly(methyl methacrylate) (PMMA) to fabricate a reinforced nanocomposite
material with improved mechanical properties, evaluating its cytotoxic effects with the aim
to get a biocompatible material with possible applications in dentures.

A material widely employed in implants is titanium, where it needs to exhibit bio-
compatibility and antimicrobial properties. In work [2], titanium foils were coated with a
blend made of chitosan (CS) and zinc-coated halloysite nanotubes (ZnHNTs) loaded with
gentamicin sulfate. Such composite coating was tested in order to get a biocompatible
material able to provide antimicrobial action against Staphylococcus aureus thanks to the
release of metal ions and antibiotic gentamicin.

Similarly, another composite material, which could deliver possible controlled release
of antimicrobial agents, was studied in the work presented in paper [3]. Here, a photo-
electrochemical reduction process was employed to synthesize silver nanoparticles (Ag
NPs) in a hydroxypropyl methylcellulose (HPMC) matrix, whose bactericidal effects were
tested against Escherichia coli and Staphylococcus epidermidis species. This system was then
expected to represent a promising material for the controlled release of antibacterial Ag
NPs through the slow dissolution of HPMC in water.
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With the aim to prevent formation of biofilms of multi-drug resistant pathogens, the
authors of paper [4] developed zinc oxide nanoparticles (ZnO NPs) functionalized with
extracellular polysaccharide xanthan gum (XG) by a green route. The quorum sensing
inhibitory activity of this nanocomposite was evaluated against Gram-negative pathogens
Chromobacterium violaceum and Serratia marcescens, demonstrating a significant inhibition of
biofilm formation.

With the same aim to develop new materials against antimicrobial-resistant (AMR)
bacteria, in the work presented in paper [5] different metal ions (Ag, Au, Pd, Pt, Zn, Ga)
were tested alone and in combination with graphene matrices acting as metal ion carriers.
The antibacterial action of these systems was evaluated against antibiotic susceptible
and antibiotic resistant strains of Acinetobacter baumannii, Staphylococcus aureus, Klebsiella
pneumoniae and Pseudomonas aeruginosa, demonstrating the greatest activity with Au, Pd
and Pt.

In order to develop eco-friendly materials with wide-spectrum antimicrobial activity
for possible use in biomedical and food packaging applications, the work presented in [6]
investigated the combination of two antibacterial agents—aluminum doped zinc oxide
(Al-doped ZnO, abbr. AZO) and silver (Ag)—in nanostructured layers deposited by
different methods onto bioplastic polylactide (PLA) films. The two active agents showed
preferential antibacterial activity against Gram-positive Staphylococcus aureus and Gram-
negative Escherichia coli species, respectively, so that their synergistic dual action in the
combined coatings was able to provide a total bacterial suppression against both species.

Coatings based on naturally occurring antimicrobial peptides (AMPs) were tested
in [7] to produce antibacterial surfaces for biomaterials. Different AMPs (LL37, Magainin
2, and Parasin 1) were covalently grafted onto an aldehyde plasma polymer (ALDpp),
acting as a polymer interlayer that can be deposited onto different surfaces. Consider-
able reduction in bacterial colonization was demonstrated with Staphylococcus epidermidis,
Staphylococcus aureus and Escherichia coli, while no significant cytotoxicity was found to
primary human fibroblasts.

Another chemical-based route was employed in [8] to synthesize PLA-based am-
phiphilic copolymer micelles loaded with a photosensitizer (PS) of the BODIPY dyes family.
Such micelles were sprayed on glass substrates to form a coating able to release BODIPY,
resulting in an antibacterial action against Staphylococcus aureus.

In another work [9], the combination of the electrospinning method and the physical
sputtering deposition technique was successfully used to produce antibacterial functional-
ized fiber scaffolds. In particular, Ag nanoparticles were sputter-deposited on electrospun
polycaprolactone (PCL) fiber mats, without any significant damage induced on the soft
polymer fibers, allowing the conferment of excellent antibacterial activity against Escherichia
coli. The easy and flexible fabrication of these PCL-Ag mats can be applicable to several
sectors, such as biomedical devices, bioremediation and antifouling systems in filtration,
personal protective equipment (PPE), food packaging, etc.

Finally, a review [10] was presented about the use of hybrid organic–inorganic com-
posites made by the incorporation of titanium dioxide (TiO2) nanoparticles in protein-based
materials. The characteristics of such compounds, including their antimicrobial properties,
were discussed for possible usages in various applications (packaging, biomedical, phar-
maceutical, environmental remediation, textiles, etc.), together with considerations on the
issues related to TiO2 concentrations and need for standardization in production protocols.

As shown by the various works published in this Special Issue, it is clear how research
efforts are continuously conducted by means of different strategies to provide antibacterial
properties to surfaces for various applications. Many different materials are proposed,
including organic and inorganic ones, as well as hybrid blends. Additionally, many
different fabrication techniques can be employed, such as physical-based or chemical-based
routes and their combination. At the same time, many aspects would require further
examination, for example, to deeply assess the safety to human beings, the stability of the
materials, and the duration of the antimicrobial activity.
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