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Editorial on the Research Topic
Resistant pathogens: from distribution to emerging therapies

The emergence and spread of drug resistance is a public health concern problem globally.
This phenomenon includes resistance to antibiotics but also other antimicrobials such as
antivirals, antifungals, and antiprotozoals.

According to the World Health Organization, antibiotic resistance is currently one of
the greatest threats to global health, food security, and development. It has been estimated
that if current trends continue, by 2050, 10 million deaths will occur due to diseases
caused by antibiotic-resistant microorganisms (O’Neill, 2014). In this sense, a prioritized
list of pathogens of critical concern for which the development of new antimicrobials is
encouraged has been published (Tacconelli et al., 2018). Resistant strains of Gram-negative
bacteria of species such as Acinetobacter baumannii, Pseudomonas aeruginosa, and certain
Enterobacteriaceae species are on top of the list. In addition, strains of Gram-positive
bacteria are among pathogens of high priority and include resistant Enterococcus faecium
and Staphylococcus aureus, among others.

On the other hand, fungal infections affect more than 300 million people globally,
resulting in 1,660,000 deaths in developing countries (Almeida et al., 2019). In fact, 90%
of all deaths from fungal infections are due to fungi of the genera Cryptococcus, Candida,
Pneumocystis, and Aspergillus (WHO, 2022), and antifungal resistance is also an emerging
and worrying issue in the field of medical mycology.

The number of therapeutic options currently available against these pathogens is limited,
partly due to the rapid appearance and spread of resistance. In addition, the development
of new drugs for treating these infections with the approaches used to date will likely not be
sufficient for confronting antimicrobial resistance at the global level. Therefore, conventional
strategies currently used to develop new antimicrobials have to be reconsidered and novel
avenues should be explored.

This Research Topic collects articles that aim to gain an increased understanding of the
distribution, mechanisms of resistance, and potential novel strategies that are being explored
to fight resistant microorganisms.
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Surveillance and epidemiology of resistant pathogens in both
clinical and community settings are key to monitoring the spread
of resistance and to developing public health policies. While adult
populations have been the focus of attention in most studies,
limited data exist regarding the distribution of resistant strains
in children. An original research article by Lopez-Siles et al.
determined the prevalence of Extended-spectrum f3-lactamase-
producing Enterobacterales (ESBL-E) in fecal samples of 887
healthy Spanish schoolchildren. ESBL-E prevalence was below
3% and Escherichia coli was the main ESBL-producing species
detected. Although strains harbored ESBLs of different families,
that of CTX-M was the most frequently identified ESBL. Polyclonal
dissemination was the most likely mechanism of spread, as high
ST diversity was observed among isolates. Of note, antimicrobial
resistance profiles of isolates evidenced co-resistance with other
antibiotics, and this was particularly frequent in ST131 strains.

The development of new therapies to treat resistant pathogens
is of utmost importance for fighting these pathogens. Two
original research articles published in this Research Topic reported
novel methodologies. Yu et al. explored a therapeutic strategy
against S. aureus infection by reducing alpha-hemolysin expression
with a natural product, ie., 2,3-dehydrokievitone. This study
demonstrated that the compound decreased agrA transcription
levels. As AgrA is a global regulator of virulence, this strategy may
target several virulence factors and toxins of the microorganisms,
an approach that may not promote the selection of antibiotic-
resistant strains. Of note, the compound was tested in an
animal model of experimental pneumonia, and the mice receiving
the compound had significantly reduced mortality and less
severe pneumonia and bacterial burden. Jaan et al. explored a
different approach based on subtractive proteomics and reverse
vaccinology to identify targets for potential novel drugs and
vaccines against Staphylococcus pseudintermedius. After screening
the core-proteome of the species, over 30 novel potential drug
targets were identified. In addition, two proteins were potential
candidates for vaccine development and a chimeric multi-epitope
vaccine was designed. Subsequent in silico human body immune
response prediction confirmed immunoglobulin binding affinity.
Therefore, this study significantly contributed to identifying novel
therapeutic targets to fight this pathogen.

While bioinformatics approaches to predict bacterial resistance
have been developed over the last decade, similar tools for
antifungal resistance prediction are scarce. The perspective article
by Alastruey-Izquierdo and Martin-Galiano underscores the main
challenges that must still be overcome. These include the limited
number of databases collecting data on mutations, leading
to resistance in antifungal targets with subsequent laboratory
validation, a better understanding of resistance mechanisms, the
development of appropriate bioinformatics analysis pipelines,
and the need for standardized protocols, among others. The
worrisome epidemiological data and the limited number of
antifungals underscore the need for controlling difficult-to-treat
fungal pathogens, and in this sense, resistome predictors similar to
those already implemented for bacteria are urgently needed.

In conclusion, understanding the spread of resistant pathogens
and developing new therapeutic options is key to preventing

Frontiersin Microbiology

10.3389/fmicb.2023.1243067

and controlling infections by these challenging pathogens. In
addition, improvements in diagnostic and prognostic methods
may also help to better detect these pathogens, characterize
their mechanisms of distribution, and predict the outcomes
of infections. Understanding the mechanisms of antimicrobial
resistance, virulence, and adaptation to stressful conditions is
also important for preventing and controlling infections caused
by these microorganisms. In addition to resistant bacteria and
fungi, future insight should also consider viral and protozoa
infections. Altogether, an integrated strategy is required to fight
the health and economic challenges that infections by resistant
microorganisms represent.

Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.

Funding

ML-S is a Serra Hunter Fellow and acknowledges support
form grants Sara Borrell (CD17CIII/00017) by the Instituto
de Salud Carlos III (ISCIII) and Industria del Coneixement
Convocatoria Llavor (2021 LLAV 00074) by the Catalan Research
Agency (AGAUR).

Acknowledgments

We are grateful to the authors who contributed to the Research
Topic and to all reviewers and guest editors who put their efforts to
review the manuscripts.

Conflict of interest

MM and PP-R are founders and stockholders of
the  biotechnology  spin-off company Vaxdyn, which
develops  vaccines  for infections caused by MDR
bacteria. Vaxdyn had no role in the elaboration of

this manuscript.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1243067
https://doi.org/10.3389/fmicb.2023.1035291
https://doi.org/10.3389/fmicb.2022.969215
https://doi.org/10.3389/fmicb.2022.971263
https://doi.org/10.3389/fmicb.2023.1134755
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Garcia-Rios et al.

References

Almeida, F., Rodrigues, M. L., and Coelho, C. (2019). The still
underestimated problem of fungal diseases worldwide. Front. Microbiol. 10, 214.
doi: 10.3389/fmicb.2019.00214

O’Neill, J. (2014). Review on Antimicrobial Resistance Antimicrobial Resistance:
Tackling a Crisis for the Health and Wealth of Nations. London: Review on
Antimicrobial Resistance. Available online at: https://amr-review.org/sites/default/
files/ AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the
%20health%20and%20wealth%200f%20nations_1.pdf (accessed June 19, 2023).

Frontiers in Microbiology

03

10.3389/fmicb.2023.1243067

Tacconelli, E., Carrara, E., Savoldi, A. Harbarth, S., Mendelson, M.,
Monnet, D. L, et al. (2018). Discovery, research, and development of
new antibiotics: the WHO priority list of antibiotic-resistant bacteria and

tuberculosis. Lancet Infect. Dis. 18, 318-327. doi: 10.1016/S1473-3099(17)
30753-3

WHO  (2022). WHO  Fungal Priority  Pathogens List to  Guide
Research,  Development And  Public ~Health  Action. Geneva: World
Health Organization.

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1243067
https://doi.org/10.3389/fmicb.2019.00214
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://doi.org/10.1016/S1473-3099(17)30753-3
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Editorial: Resistant pathogens: from distribution to emerging therapies
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


