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Multidrug-resistant (MDR), extensively drug-resistant (XDR) and pan-drug-resistant
(PDR) Gram-negative bacteria constitute a huge public health problem. According to
the European Centre for Disease Prevention and Control (ECDC), MDR is defined as
‘acquired nonsusceptibility to at least one agent in three or more antimicrobial categories’
and extensively drug-resistant is defined as ‘nonsusceptibility to at least one agent in
all but two or fewer antimicrobial categories (i.e., bacterial isolates remain susceptible
to only one or two categories)’. PDR is defined as ‘nonsusceptibility to all agents in all
antimicrobial categories’ [1]. Among them, MDR Gram-negative bacteria and especially
Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii are the main
bacteria leading to increased rates of antimicrobial resistance [2]. Infections caused by
these MDR bacteria adversely affect the outcome of patients’ hospitalization and increase
mortality rates [3]. In addition, they can increase healthcare costs significantly [4]. The
increased consumption of antimicrobials and the poor implementation of infection control
measures in the hospital setting are the two main causative factors for their emergence. The
deep knowledge of the virulent factors that these bacteria produce could provide useful
information regarding their spread. Whole-genome sequencing (WGS) has contributed to
this aim over recent years [5].

The main problem concerning infections caused by these bacteria is that treatment
options are extremely limited, as only a limited number of novel antimicrobials have been
launched over the last few years [6]. The molecular epidemiology of infections caused
by Gram-negative bacteria is significant as it can determine which of these few new an-
timicrobial agents could be effective for their treatment [7]. This Special Issue entitled
‘Molecular Characterization of Gram-Negative Bacteria: Antimicrobial Resistance, Viru-
lence and Epidemiology’ sought manuscript submissions that could expand our knowledge
of antimicrobial resistance in Gram-negative bacteria. Submissions on the mechanisms
of antimicrobial resistance, the presence and function of virulent factors, as well as the
molecular epidemiology of Gram-negative bacterial infections were especially encouraged.
Ultimately, 12 manuscripts were submitted for consideration for the Special Issue, and they
were all accepted for publication. The contributions are briefly analysed below.

In the first contribution, Braspenning et al. examine the frequency and incidence
of colistin heteroresistance among a huge number of MDR K. pneumoniae strains. The
authors have performed WGS and examined the in vitro susceptibility to colistin. Colistin-
heteroresistant isolates are shown to have increased sequence type (ST) diversity, while
colistin-resistant K. pneumoniae isolates are associated with particular STs, such as ST101,
ST147 and ST258/ST512.

In the second contribution, Papa et al. attempt to elucidate the differences in virulence
features in normoxia and anoxia between MDR and PDR P. aeruginosa clinical strains
and sensitive strains to antimicrobials, isolated in cystic fibrosis patients. The authors
have performed pyocyanin, pyoverdine, protease, zymography and motility assays, as
well as biofilm quantification, and they reveal that these features are highly diversified in
anaerobiosis, which depicts the condition of cystic fibrosis chronic infection.
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In the third contribution, Meletis et al. report the isolation of blaNDM-1 in three different
bacterial species (K. pneumoniae, Proteus mirabilis and Morganella morganii) isolated from a
single patient. The authors have used WGS and bioinformatic tools to detect antimicrobial
resistance genes and plasmids. They disclose that blaNDM-1, along with its neighbouring
genes, belongs to the same cluster, implying the in vivo transfer of the blaNDM-1-containing
cluster through three different species.

In the fourth contribution, Khalid et al. present the in vitro synergistic effectiveness of
19 different combinations of antimicrobials in 31 New Delhi metallo β-lactamase (NDM) pro-
ducing MDR isolates of Enterobacterales. The authors have used the 2D (two-dimensional)
checkerboard method. They have revealed that three combinations of antimicrobials,
namely doripenem with cefoxitin, doripenem with streptomycin, and imipenem with cefox-
itin, are effective against these MDR isolates, suggesting further in vivo and pharmaceutical
studies need to be conducted.

In the fifth contribution, Zarras et al. study 24 carbapenem-resistant K. pneumoniae
strains, isolated from a single healthcare institution. The authors have applied WGS
and various pieces of bioinformatics software to identify antimicrobial resistance genes,
plasmids and STs. In addition, they have compared multiple genome alignments and
identify core genome single-nucleotide polymorphism sites (SNPs). The authors disclose
that the isolates are assigned to seven different phylogenetic branches, with the phylogeny
changing every seven SNPs.

In the sixth contribution, Zhang et al. determine the prevalence and molecular charac-
teristics of blaCTX-M-55-positive Escherichia coli isolated from duck–fish polyculture farms in
Guangzhou, China. The authors have used WGS, southern hybridization and pulse field gel
electrophoresis (PFGE) to detect the possible horizontal transfer and clonal dissemination
of blaCTX-M-55. The authors have revealed that the F18:A-:B1 plasmid might have major
significance in the transmission of blaCTX-M-55 in E. coli.

In the seventh contribution, Gupta et al. report the cloning and analysis of phID
(involved in the biosynthesis of non-volatile metabolite phloroglucinol) from soil-borne
Gram-negative bacteria Pseudomonas spp. In addition, the authors have analysed the
structural details of the PHLD protein, providing novel strategies for the combinatorial
biosynthesis of natural but pharmaceutically important metabolites with enhanced antibac-
terial and biocontrol effects.

In the eighth contribution, Osman et al. present the molecular analysis of 86 K.
pneumoniae strains, with most of them being MDR, isolated from different hospitals of
Khartoum, Sudan. The authors have performed WGS to detect virulence and resistome
profiles. Ybt9 is the most common virulence gene detected, while the authors report the
detection of various antimicrobial resistance genes. In addition, transmissions between
patients are found to be rare.

In the ninth contribution, Hao et al. present the differences in the molecular character-
istics and the proteomes of sensitive, MDR and XDR K. pneumoniae strains. The authors’
enrichment analysis has revealed that a majority of differentially expressed proteins are in-
volved in various metabolic pathways which are beneficial to the evolution of antimicrobial
resistance in K. pneumoniae.

In the tenth contribution, Karruli et al. present a literature review to assess the antimi-
crobial activity of cefiderocol and sulbactam-durlobactam against carbapenem-resistant
A. baumannii (CRAB). The authors have concluded that cefiderocol is non-inferior to col-
istin/other treatments for CRAB infections and displays a better safety profile. Combination
treatment is not correlated with improved outcomes compared to monotherapy. Sulbactam-
durlobactam could also be another valuable option against CRAB infections.

In the eleventh contribution, Karampatakis et al. review the dynamic evolution of
the molecular epidemiology of carbapenem-resistant K. pneumoniae (CRKP), its virulence
factors and the latest updates for the treatment of CRKP infections. In addition, they report
the latest guidelines for treating these infections, as proposed by international organisations.
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In the twelfth contribution, Li et al. describe the genetic and structural compositions
of the five secretion systems that exist in A. baumannii. The authors have underlined the
importance of these systems in the fitness and pathogenesis of A. baumannii, and their
contribution to the emergence of antimicrobial resistance.

In conclusion, the manuscripts published in this Special Issue reveal recent data which
contribute to the better understanding of the virulence of MDR Gram-negative bacteria,
and they provide important updates on the evolution of their molecular epidemiology at a
global level.
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