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Editorial on the Research Topic

Molecular Characterization of Clinically Important Gram-Negative Bacteria Recovered

From the Environment: Antimicrobial Resistance, Virulence and Epidemiology

The emergence of antimicrobial resistance (AMR) is due to different factors, including incorrect
and excessive use of antimicrobials. The environment is increasingly being recognized as an
important reservoir of AMR and plays a key role in the dissemination of antimicrobial resistance
genes (ARGs). Thus, the spread of multidrug-resistant (MDR) bacteria and ARGs to diverse
environmental compartments is of concern. Although the species of Gram-negative bacteria such
as Acinetobacter baumannii, Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa
are the most frequently reported infections with MDR phenotype, many other species in this
group are also MDR. Therefore, characterization of clinically important bacteria recovered from
the environment is one of the key checkpoints within the One Health concept.

In this context, seven articles were published in this Research Topic. All these articles indicated
the importance of monitoring and molecular typing of clinically important AMR bacteria and the
corresponding ARGs from different sources. Although several studies on AMR have been reported
in the literature, new AMR phenotypic and genotypic data were presented in these articles.

Janssen et al. characterized a K. pneumoniae strain from an urban lake in Brazil obtained
during a drug-degrading bacterial prospection. The strain belonged to a new sequence type, ST5236
KL45:O1v2, and carried ARGs encoding β-lactam, acriflavine and fosfomycin resistance, as well as
the genes for metal tolerance. The blaCTX−M−15 gene was detected in proximity to the Siphoviridae
genes, while the blaKPC−2 gene was found within a novel non-Tn4401 genetic element. The latter
was located on an extrachromosomal contig and was identical to a contig from a K. pneumoniae
isolate from a nearby hospital. These findings indicate a putative gene flow from the hospital

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2022.962840
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2022.962840&domain=pdf&date_stamp=2022-07-08
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:elianags@usp.br
https://doi.org/10.3389/fmicb.2022.962840
https://www.frontiersin.org/articles/10.3389/fmicb.2022.962840/full
https://www.frontiersin.org/research-topics/17836/molecular-characterization-of-clinically-important-gram-negative-bacteria-recovered-from-the-environ
https://doi.org/10.3389/fmicb.2021.732324


Nakazato et al. Editorial: Characterization of Environmental Bacteria

network into the Paranoá Lake, which is worrying since this lake
is used for recreational purposes and as an environmental buffer
for the reuse of drinking water.

Hao et al. characterized K. pneumoniae strains from infected
pancreatic necrosis (IPN) samples. The authors used whole-
genome sequencing (WGS) of eight strains to detect 42
ARGs on the chromosome and 27 on plasmids. The strains
showed MDR phenotypes and were classified in three different
types according to the AMR phenotypes for resistance to
ceftazidime-avibactam (CZA) and aztreonam (ATM). The
higher resistance to CZA was found in strains co-harboring
blaNDM−5, blaOXA−1, blaCTX−M−15, and blaSHV−187, which
presented higher resistance to ceftazidime than the blaNDM−5

gene, suggesting that the coexistence of extended-spectrum
β-lactamases (ESBL) and metal-β-lactamase is currently a
major challenge for antimicrobial therapy. In addition, strains
co-harboring blaCTX−M−65, blaSHV−182, and blaTEM−181 were
less resistant to β-lactams when compared to other ESBLs.
Authors also showed that ATM plus avibactam inhibited
K. pneumoniae more significantly and proposed this drug
combination for therapy of complex infectious caused by MDR
K. pneumoniae strains.

Zhang et al. investigated amikacin heteroresistance in
K. pneumoniae strains and used WGS and quantitative
reverse-transcription PCR (qRT-PCR) to explore the potential
mechanism of amikacin heteroresistance. For this, 155 K.
pneumoniae strains were analyzed and 13 of them (8.39%) were
classified as amikacin-heteroresistant. The results revealed that
the majority of the heterogeneous phenotypes (84.61%) were
unstable and the frequency of heteroresistant subpopulations
ranged from 2.94 × 10−7 to 5.59 × 10−6. WGS analysis showed
nucleotide and amino acid polymorphism in various genes
between the amikacin-resistant and amikacin-heteroresistant
subpopulations. The qRT-PCR analysis showed that an
increased expression of genes related to aminoglycoside
resistance in amikacin-heteroresistant strains may be associated
with amikacin heteroresistance, raising concerns regarding
the emergence of amikacin-heteroresistant K. pneumoniae
strains. Potentially, amikacin therapy of K. pneumoniae
may select for high-level resistance due to the presence of
heteroresistant subpopulation.

Tartor et al. investigated the prevalence and antimicrobial
resistance profile of bacterial isolates from clinical and
subclinical bovine mastitis and raw unpasteurized milk.
The most prevalent MDR species were K. pneumoniae,
Enterobacter cloacae, and Aeromonas hydrophila, followed by
E. coli and Proteus mirabilis. An extensive drug resistance
phenotype was also found in strains of E. coli and P.
mirabilis. Ten strains (four E. coli, three P. mirabilis, and
three Klebsiella sp.) were analyzed by WGS. In one K.
pneumoniae strain from bovine milk, an IncFIB plasmid
carried fosfomycin resistance gene, fosA5, and the colistin
resistance gene, mcr-10, which was bracketed by xerC and
insertion sequence IS26. This is the first report of K. pneumoniae
co-harboring the mcr-10 and fosA5 genes from bovine milk
in the Middle East, reinforcing the importance of prudent
use of antimicrobials in animals, as well as the need for
AMR surveillance.

Zhang et al. characterized a novel AmpC, encoded by the
blaPRC−1 gene, which was located on the chromosome of a
Pseudomonas wenzhouensis strain isolated from the sewage
discharge of animal farm in China. PRC-1 is a 379-amino
acid AmpC β-lactamase sharing a 57.7% amino acid identity
with the functionally characterized AmpC enzyme PDC-211
from P. aeruginosa. It confers resistance to β-lactams, such as
penicillins and cephalosporins, and it is inhibited by avibactam.
The genetic context of blaPRC−1 was evaluated and no mobile
genetic element was predicted. Authors reinforce the importance
of the identification and characterization of novel β-lactamase-
encoding genes, showing that numerous unknown resistance
mechanisms in environmental bacteria may pose potential risks
to human health.

Díaz-Gavidia et al. analyzed surface water samples from 12
sampling sites in Maipo and Maule rivers central Chile from
August 2017 to April 2019. In Maule river fecal coliform levels
ranged between 1 and 130 most probable number (MPN) per
100mL, while in Maipo river between 2 and 30,000 MPN/100-
mL. AMR bacteria were detected in both rivers and 37.5% of
E. coli isolates were MDR. In addition, 5.1 and 6.6% of other
environmental strains fromMaule andMaipo rivers, respectively,
showed MDR phenotypes. The authors concluded that a major
fecal contamination of the two rivers is due to agriculture and
urban land uses. There is a need to decrease untreated discharges
into these rivers to reduce the burden of water-borne diseases and
AMR in the region.

Zhang et al. validated a rapid (60min) AMR test using SYBR
Green I and propidium iodide (PI) staining. The test targeted
resistance to cefepime (CPM), ceftriaxone (CRO), meropenem
(MPM), and ciprofloxacin (CIP) and was applied to 100 clinical
strains of K. pneumoniae. The authors observed that the AST
rapid test could detect antimicrobial resistance to all tested drugs
in 60min, corroborating the conventional methods of Kirby-
Bauer and brothmicrodilution with an accuracy of 93, 96, 96, and
99 for CIP, CPM, MPM, and CRO, respectively. In this context,
the authors concluded that the rapid AST test can help to reduce
the empirical use of antimicrobial agents and, consequently,
decrease the health and economic burden of AMR.

Articles in this topic demonstrated the importance and
advantages of using genomics in the characterization of
potentially pathogenic MDR strains, with a focus on ARGs and
genotyping. In addition, a new approach can be used to quickly
determine the AMR profile of bacterial strains. Therefore, this
Research Topic demonstrated the dissemination of potentially
pathogenic MDR strains into different ecological compartments,
which may serve as AMR hotspots.
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