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Editorial on the Research Topic

Facing the Upcoming of Multidrug-Resistant and Extensively Drug-Resistant Bacteria: Novel

Antimicrobial Therapies (NATs)

Antimicrobial resistance is one of the largest looming threats to global health (Friedman et al.,
2016), increasing the morbidity and mortality associated with bacterial infections (Ventola,
2015). ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.) are responsible for the
majority of nosocomial infections (Ma et al., 2020) and commonly “escape” the biocidal action
of antimicrobial agents (Mulani et al., 2019). The frequent and increasing use of antibiotics in
medical practice drives the emergence of multidrug-resistant (MDR) and extensively drug-resistant
(XDR) pathogens (Magiorakos et al., 2012; Prestinaci et al., 2015). There is an urgent and critical
need to design and engineer novel therapeutic alternatives for eradicating MDR and XDR bacteria
through burgeoning technologies such as metal nanoparticles, genetic engineering, synthetic
biology, peptide therapeutics, and combinatorial treatments. In this Research Topic, we assemble
ten original articles highlighting recent discoveries around Novel Antimicrobial Therapies (NATs)
against MDR and XDR bacteria.

Seven original research articles spanning diverse disciplines describe the development of NATs
for clinically-relevant MDR pathogens. One study describes the one-pot synthesis of Ag-ZnO
nanoparticles at low temperatures and demonstrated remarkable antimicrobial activity of these
nanoparticles against methicillin-resistant Staphylococcus aureus (MRSA) (Naskar et al.). Another
study achieved successful phytomedited synthesis of green TiO2NPs that proved to be effective for
treating biofilm-based bacterial and fungal infections (Al-Shabib et al.).

Another research article assessed the therapeutic efficacy of antimicrobial combinations
on carbapenemase-producing Enterobacterales (CPE). The authors showed how antimicrobial
combinations synergized against most CPE expressing resistance genes. These antimicrobial
combinations may facilitate the successful treatment of patients infected with CPE (Zhou et al.).
Another original research article identified two potent combinations of antibiotics for clinical
MRSA infection, both in vitro and in vivo (Yu et al.). A separate study found that the compound
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2,4-Di-Tert-Butylphenol isolated from an endophytic fungus
substantially reduced the secretion of virulence factors and
biofilm and its associated factors controlled by quorum sensing
in a dose-dependent manner in Pseudomonas aeruginosa (Mishra
et al.).

Furthermore, a study tested the anti-virulence activity
of potential uridine diphosphate glucose pyrophosphorylase
(UDPG:PP) inhibitors and showed that these inhibitors are
a potential drug candidates against Streptococcus pneumoniae
infections (Cools et al.). New putative antimicrobial candidates
were reported by Okella et al. They designed an antimicrobial
peptide and performed target identification based on a
putative antimicrobial peptide motif derived from fish. From
all the peptide motifs generated in this work, the authors
identified Pleurocidin (secreted by flatfish) as having strong
antimicrobial potential.

Three review articles included in this special issue address
the use of NATs to face MDR bacteria. A mini-review discusses
combination treatments (particularly antimicrobial peptides and
metal nanoparticles) as a pathway to develop antimicrobial
therapeutics with broad-spectrum antibacterial action,
bactericidal instead of bacteriostatic activity, and better efficacy
against MDR bacteria (León-Buitimea et al.). Another review
explored the possibility of designing antimicrobial nanoparticle-
based devices to exploit the potential of antimicrobial
nanoparticles to combat MDR pathogens (Gómez-Núñez et al.).
Finally, a third review describes the mechanisms associated
with drug resistance in pyogenic streptococci and discusses the
advantages and limitations of innovative therapeutic strategies

such as bacteriocins, bacteriophage, phage lysins, and metal
nanoparticles (Alves-Barroco et al.).

In summary, this group of articles contributes to the search
for new therapeutic strategies to combat antibacterial resistance.
MDR and XDR infections are growing in incidence; the main
challenges facing society are now to design, develop, and evaluate
new therapeutic strategies that can spearhead the development of
alternative therapies against clinically-relevant MDR pathogens.
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