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Editorial on the Research Topic

Mechanisms and strategies to overcome antibiotic resistance in
gastrointestinal pathogens

Antibiotic resistance in gastrointestinal (GI) pathogens represents one of the most
pressing global health challenges of our time. Infections caused by Helicobacter pyloti,
Salmonella, Escherichia coli, and Campylobacter account for substantial morbidity and
mortality worldwide, and their treatment is increasingly compromised by resistance to
first-line antibiotics. This Research Topic, Mechanisms and Strategies to Overcome
Antibiotic Resistance in Gastrointestinal Pathogens, brings together studies that
illuminate the molecular and clinical dimensions of resistance, while exploring
alternative therapeutic avenues ranging from traditional medicine to probiotics and
bacteriophages. Collectively, these contributions underscore the urgent need for
innovative diagnostic tools, integrative treatment strategies, and translational research to
confront the multifactorial nature of resistance.

Resistance surveillance: defining the scope of the
problem

Accurate mapping of resistance prevalence and mechanisms remains a cornerstone in
the management of GI infections. In this Research Topic, Chen et al. present data from
Dongying, on China’s eastern coast, where H. pylori infection rates reached nearly 25%,
with alarming resistance rates exceeding 60% for clarithromycin and 46% for levofloxacin
(Chen et al.). By combining non-invasive string tests with qPCR, they demonstrate a
feasible approach for real-time resistance profiling, reducing the need for invasive biopsies.
This methodological innovation is not only suitable for H. pylori, but also exemplifies how
diagnostics can be refined for broader GI pathogens.
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Such findings align with global surveillance studies reporting
increasing resistance in Campylobacter and Salmonella, driven by
overuse of antibiotics in both healthcare and agriculture (WHO,
2023). At the molecular level, resistance arises from mutations in
ribosomal RNA genes, DNA gyrase alterations, efflux pump
overexpression, and biofilm formation (Lamberte and van Schaik,
2022). Integration of molecular diagnostics and next-generation
sequencing into clinical practice will therefore be vital for precision
treatment and prevention of further resistance spread.

Harnessing traditional medicine in the
fight against resistance

As antibiotic efficacy wanes, attention has turned to non-
conventional therapies. Two studies in this Topic highlight the
promise of traditional Chinese medicine (TCM) in combating
H. pylori.

Ou et al. evaluated the Helile formula, derived from the
“Taiping Shenghuifang,” revealing its capacity to disrupt H. pylori
structure, inhibit virulence gene expression, and modulate host
inflammation (Ou et al.). Importantly, multi-omics profiling
indicated shifts in metabolites and gut microbiota, suggesting a
systemic impact beyond bacterial killing.

Complementarily, Yang et al. conducted a multicenter
randomized trial assessing the Jinghua Weikang capsule (JWC)
combined with rescue therapies in patients with refractory H. pylori
infection (Yang et al.). JWC-containing regimens demonstrated
eradication rates comparable to bismuth quadruple therapy, with
fewer adverse events and improved symptom relief. Notably,
prolonged JWC administration was non-inferior to standard
rescue therapy, reinforcing the idea that herbal formulations may
enhance both efficacy and tolerability.

These findings reflect a broader trend where herbal medicines
and natural products are scientifically validated for antimicrobial
properties (Newman and Cragg, 2020). They highlight how
integrating traditional formulations with rigorous modern
methods can provide credible alternatives in resistant GI infections.

Expanding the therapeutic horizon:
non-antibiotic strategies

The search for antibiotic-sparing therapies extends beyond
TCM. In their comprehensive review, Oliveira et al. highlight the
therapeutic potential of probiotics, natural compounds, and
bacteriophages in managing multidrug-resistant GI infections
(Oliveira et al.).

Probiotics, such as Lactobacillus and Bifidobacterium species,
exert effects through competitive exclusion of pathogens,
enhancement of mucosal barriers, and modulation of immune
responses (da Silva et al., 2024). Clinical trials support their role in
reducing recurrence of Clostridioides difficile infections and alleviating
side effects of H. pylori eradication therapy (Esmaeilinezhad et al,
2025). Natural compounds—including polyphenols, flavonoids, and
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essential oils—display antimicrobial effects through diverse
mechanisms, from membrane disruption to quorum sensing
inhibition (Lewis et al., 2024). Bacteriophages, with their pathogen-
specific action, are being explored as precision antimicrobials against
resistant enteric pathogens (Olawade et al., 2024).

The review also underscores the potential of combining these
approaches and tailoring interventions to patient-specific
microbiome profiles, aligning with the principles of personalized
medicine (Terra et al., 2024).

Toward integrated solutions

Taken together, the contributions in this Research Topic
highlight both the scale of the resistance crisis and the innovative
directions emerging to address it. From surveillance studies
providing region-specific prevalence data, to clinical trials
demonstrating the efficacy of TCM-based regimens, and reviews
synthesizing the state of the art in non-antibiotic therapies, the
picture that emerges is one of cautious optimism.

To truly overcome antibiotic resistance in GI pathogens, several
priorities emerge:

* Enhanced diagnostics: Implementation of rapid, minimally
invasive methods for pathogen detection and
resistance profiling.

* Mechanistic insights: Continued molecular characterization
of resistance pathways, supported by pangenomic and in
silico analyses.

* Therapeutic diversification: Integration of herbal
medicines, probiotics, natural compounds, and phages
into mainstream care, supported by high-quality trials.

+ Stewardship and regulation: Strengthened frameworks to
ensure safe, standardized deployment of non-
antibiotic therapies.

e One Health perspective: Recognition that resistant
pathogens circulate between humans, animals, and the
environment, necessitating cross-sectoral interventions.

This Research Topic underscores the necessity of a
multidimensional approach. While antibiotics remain
indispensable, their limitations in the face of resistance demand
complementary strategies. By integrating precision diagnostics,
alternative therapeutics, and global stewardship, we move closer
to sustainable solutions against resistant GI infections. The works
collected here not only deepen our understanding of resistance
mechanisms but also chart practical pathways for innovation. In
doing so, they contribute to the collective goal of safeguarding
effective treatments for future generations.

Author contributions

Td: Writing - original draft, Writing - review & editing. BG:
Writing - original draft, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fcimb.2025.1603128
https://doi.org/10.3389/fcimb.2025.1603128
https://doi.org/10.3389/fmed.2025.1531620
https://doi.org/10.3389/fmed.2025.1531620
https://doi.org/10.3389/frabi.2025.1554061
https://doi.org/10.3389/frabi.2025.1554061
https://doi.org/10.3389/frabi.2025.1706166
https://www.frontiersin.org/journals/antibiotics
https://www.frontiersin.org

da Silva and Grygorcewicz

Conflict of interest

The 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.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

References

da Silva, T. F., Gloria, R. A., Americo, M. F., Freitas, A. D. S., de Jesus, L. C. L.,
Barroso, F. A. L., et al. (2024). Unlocking the potential of probiotics: A comprehensive
review on research, production, and regulation of probiotics. Probiotics antimicrobial
Proteins 16, 1687-1723. doi: 10.1007/s12602-024-10247-x

Esmaeilinezhad, Z., Ghosh, N. R., Walsh, C. M., Steen, J. P., Burgman, A. M., Mertz,
D., et al. (2025). Probiotics for the prevention of Clostridium difficile-associated
diarrhea in adults and children. Cochrane Database systematic Rev. 9, 1-37.
doi: 10.1002/14651858.CD006095.pub5

Lamberte, L. E., and van Schaik, W. (2022). Antibiotic resistance in the commensal
human gut microbiota. Curr. Opin. Microbiol. 68, 102150. doi: 10.1016/
j.mib.2022.102150

Lewis, K., Lee, R. E., Brotz-Oesterhelt, H., Hiller, S., Rodnina, M. V., Schneider, T.,
et al. (2024). Sophisticated natural products as antibiotics. Nature 632, 39-49.
doi: 10.1038/s41586-024-07530-w

Frontiers in Antibiotics

03

10.3389/frabi.2025.1706166

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

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.

Newman, D. J., and Cragg, G. M. (2020). Natural products as sources of new drugs
over the nearly four decades from 01/1981 to 09/2019. J. Natural products 83, 770-803.
doi: 10.1021/acs.jnatprod.9b01285

Olawade, D. B., Fapohunda, O., Egbon, E., Ebiesuwa, O. A., Usman, S. O., Faronbi, A.
O., et al. (2024). Phage therapy: A targeted approach to overcoming
antibiotic resistance. Microbial pathogenesis 197, 107088. doi: 10.1016/j.micpath.
2024.107088

Terra, D. A. A, de Oliveira Carvalho, R. D,, da Silva, T. F., Dos Santos Freitas, A.,
Goes-Neto, A., Amarante, V. S,, et al. (2024). Bacterial microbiome changes after fecal

transplantation for recurrent Clostridioides difficile infection in the Brazilian center.
Braz. ]. Microbiol. 55, 719-725. doi: 10.1007/s42770-023-01227-4

World Health Organization (WHO) (2023).Antimicrobial resistance. Available
online at: https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
(Accessed September 9, 2025).

frontiersin.org


https://doi.org/10.1007/s12602-024-10247-x
https://doi.org/10.1002/14651858.CD006095.pub5
https://doi.org/10.1016/j.mib.2022.102150
https://doi.org/10.1016/j.mib.2022.102150
https://doi.org/10.1038/s41586-024-07530-w
https://doi.org/10.1021/acs.jnatprod.9b01285
https://doi.org/10.1016/j.micpath.2024.107088
https://doi.org/10.1016/j.micpath.2024.107088
https://doi.org/10.1007/s42770-023-01227-4
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://doi.org/10.3389/frabi.2025.1706166
https://www.frontiersin.org/journals/antibiotics
https://www.frontiersin.org

	Editorial: Mechanisms and strategies to overcome antibiotic resistance in gastrointestinal pathogens
	Resistance surveillance: defining the scope of the problem
	Harnessing traditional medicine in the fight against resistance
	Expanding the therapeutic horizon: non-antibiotic strategies
	Toward integrated solutions
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


