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Overall, the articles in this Research Topic highlight a spectrum of research encompassing the importance of pursuing work to explore new ways of treating multidrug resistant bacteria. Despite the availability of a range of antimicrobials, multidrug resistant (MDR) bacterial infections continue to have a significant impact, contributing to the burden on the public health sector of various countries (Cerceo et al., 2016; Jabbour et al., 2020; Jernigan et al., 2020; Karaman et al., 2020; Kern and Rieg, 2020; Jean et al., 2022). The discovery of antibiotics, starting with the introduction of penicillin in the 1940s, dramatically improved outcomes of bacterial infections, however increasing incidence of infections with multidrug resistant organisms has created an impending healthcare crisis associated with escalating patient morbidity, mortality and health care costs (Medina and Pieper, 2016; Campanini-Salinas et al., 2018; Escolà-Vergé et al., 2020). Traditionally, infections caused by MDR organisms were limited almost exclusively to healthcare associated infections, but today these organisms have spread into the community, stoking fears that we may be entering an era resembling the pre-antibiotic era (Oneko et al., 2015; Monaco et al., 2017; Aston and Wootton, 2020; van Duin and Paterson, 2020; Covington and Rufe, 2021; Guclu et al., 2021; Madrazo et al., 2021). Seeking to find solutions to this predicament requires a multi-pronged approach which will necessitate a deeper understanding of the burden of disease, deciphering the modes of resistance and of course seeking new substances with antibacterial properties as well as exploring repurposing of existing drugs and new drug combinations. In this Research Topic, we explore each of these facets through a range of intriguing articles.
The burden of MDR organisms on the healthcare system in Thailand is clearly illustrated by Tangsawad et al. who reported the results of a retrospective review of the incidence of carbapenem resistant Enterobacterales in Siriraj Hospital, Bangkok, Thailand between January 2015 and December 2019. The data from this retrospective cohort study found 420 cases of CRE over this period of time, with 90.48% of these being carbapenem-resistant Klebsiella pneumoniae; 26.9% of the patients were critically ill with the median length of hospitalization being 31 days, and the all-cause in-hospital mortality rate was 68.33%. The median hospitalization cost per admission was US$10,435, giving a strong indication of the burden placed on society by multidrug resistant organisms and highlighting how important it is to begin to take concrete steps to address this problem.
One of the key virulence factors mediating antibiotic resistance in Gram-negative bacteria are resistance-nodulation-division (RND) multidrug efflux pumps (Fernando and Kumar, 2013). Contreras-Gomez et al. sought to decipher the role these pumps play in mediating resistance of the subsets of carbapenem resistant organisms which are also resistant to drug combinations used to target these organisms. They studied the role of these efflux systems on the baseline susceptibility to ceftazidime/avibactam (CZA) and ceftolozane/tazobactam (C/T) in clinical isolates of non-carbapenemase-producing carbapenem-resistant Pseudomonas aeruginosa and re-evaluated this in the presence of an RND pump inhibitor. Their conclusion was that RND efflux pumps do participate in baseline resistance to CZA and even more to C/T; however, the genomic diversity of the clinical isolates requires more in-depth analysis to determine the elements directly involved.
In two separate articles, Narayan Pant and his team explore the antibacterial and antibiofilm properties of savirin (Staphylococcus aureus virulence inhibitor) (Pant et al.) and ticagrelor (Pant et al.) against Staphylococcus aureus in prosthetic joint infections (PJIs), which represents a significant clinical concern. Savirin is a low molecular weight, lipophilic, synthetic molecule, while ticagrelor is a P2Y12 platelet inhibitor. Their work was able to show that in an animal model of biofilm-related S. aureus PJI, both these substances, alone and also in combination with cefazolin, were able to reduce bacterial concentrations on implants compared with controls. Ticagrelor and savirin both also reduced bacterial dissemination to periprosthetic tissue. Savirin also downregulated several key biofilm related genes. These results clearly demonstrate the potential of these agents to be potentially viable adjuvants to conventional antibiotics to improve outcomes of prosthetic joint surgery.
Huang et al. explored the ability of a new compound, 666–15, to enhance the activity of polymyxin-B (PB) against Klebsiella pneumoniae both in vitro and in vivo (Huang et al.). Compound 666–15, was originally synthesized in an effort to create potent cyclic adenosine monophosphate response element-binding protein (CREB) inhibitors (Xie et al., 2015), and was part of a screening program by Wei and team to identify PB synergists. Mechanistic studies showed that 666–15 reduced bacterial lipid A modification levels by inhibiting the activity of CrrB. This compound has no antimicrobial activity on its own but was able to enhance the activity of PB against K. pneumoniae by inhibiting the CrrA/B TCS. This compound appears to be one of the first inhibitors targeting CrrB which may open new avenues to develop PB synergists by targeting the factors that regulate lipid A modification.
Exploration of traditional medications was carried out by Fan et al. who explored the efficacy of Kangfuxiaoyuan suspension (KFXYs), a traditional Chinese medicine formulation, in treating pelvic inflammatory disease (PID) in a rat model (Fan et al.). PID was induced using a bacterial suspension containing Staphylococcus aureus and Escherichia coli, and the results of the work demonstrated that KFXYs lowered the rectal temperature and white blood cell counts in acute illness as well as alleviating uterine inflammatory cell infiltration. The KFXYs also significantly improved the effectiveness of levofloxacin. KFXYs is believed to have mediated these effects through inhibition of NF-κB activation by decreasing phosphorylation of p65, demonstrating the potential value of exploring traditional remedies with modern methods.
Given the urgent need to discover new drugs and therapeutics that may provide us with a lifeline to treat these problematic organisms, and the fact that combinations of drugs may yield better results, a new problem for researchers can be trying to select the optimal combination of drugs to experiment with. Lv et al. propose a novel solution through the creation of their Antibiotic Combination DataBase (ACDB) which represents an easily explored resource of current information available about existing antibiotics, providing a means to simplify the process of predicting successful antibiotic combinations (Lv et al.).
In summary, this Research Topic has brought together a spectrum of research highlighting the importance of pursuing work to explore new ways of treating multidrug resistant bacteria; a crucial effort now given the increasing recognition of multidrug resistant organisms as an impending healthcare crisis, even having been highlighted as such by the WHO. The work highlighted here provides hope that there are as yet undiscovered mechanisms that may provide novel means to overcome these MDR organisms. Although a true solution to this will go beyond the laboratory, requiring input and effort in healthcare policy and patient education to reduce indiscriminate antibiotic usage, as well as improved prophylactic strategies, the ongoing research on a global scale is key to providing hope that we can overcome this crisis.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
ACKNOWLEDGMENTS
The Guest-Editors would like to thank the authors for their contributions toward the success of this Research Topic. The reviewers are gratefully acknowledged for their time and constructive comments. The staff of the Frontiers Editorial Office are also thanked for their continuous encouragement and assistance with producing this Research Topic.
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.
REFERENCES
 Aston, S. J., and Wootton, D. G. (2020). Community-acquired pneumonia due to drug-resistant enterobacteriaceae: A global perspective. Respirology 25, 468–469. doi:10.1111/resp.13720
 Campanini-Salinas, J., Andrades-Lagos, J., Mella-Raipan, J., and Vasquez-Velasquez, D. (2018). Novel classes of antibacterial drugs in clinical development, a hope in a post-antibiotic era. Curr. Top. Med. Chem. 18, 1188–1202. doi:10.2174/1568026618666180816162846
 Cerceo, E., Deitelzweig, S. B., Sherman, B. M., and Amin, A. N. (2016). Multidrug-resistant gram-negative bacterial infections in the hospital setting: Overview, implications for clinical practice, and emerging treatment options. Microb. Drug Resist. 22, 412–431. doi:10.1089/mdr.2015.0220
 Covington, E. W., and Rufe, A. (2021). Identification of risk factors for multidrug-resistant organisms in community-acquired bacterial pneumonia at a community hospital. J. Pharm. Pract. 0 (0), 8971900211039700. doi:10.1177/089719002110397
 Escolà-Vergé, L., Los-Arcos, I., and Almirante, B. (2020). New antibiotics for the treatment of infections by multidrug-resistant microorganisms. Med. Clin. 154, 351–357. doi:10.1016/j.medcli.2019.11.002
 Fernando, D. M., and Kumar, A. (2013). Resistance-nodulation-division multidrug efflux pumps in gram-negative bacteria: Role in virulence. Antibiot. (Basel) 2, 163–181. doi:10.3390/antibiotics2010163
 Guclu, E., Halis, F., Kose, E., Ogutlu, A., and Karabay, O. (2021). Risk factors of multidrug-resistant bacteria in community-acquired urinary tract infections. Afr. Health Sci. 21, 214–219. doi:10.4314/ahs.v21i1.28
 Jabbour, J. F., Sharara, S. L., and Kanj, S. S. (2020). Treatment of multidrug-resistant Gram-negative skin and soft tissue infections. Curr. Opin. Infect. Dis. 33, 146–154. doi:10.1097/QCO.0000000000000635
 Jean, S. S., Harnod, D., and Hsueh, P. R. (2022). Global threat of carbapenem-resistant gram-negative bacteria. Front. Cell. Infect. Microbiol. 12, 823684. doi:10.3389/fcimb.2022.823684
 Jernigan, J. A., Hatfield, K. M., Wolford, H., Nelson, R. E., Olubajo, B., Reddy, S. C., et al. (2020). Multidrug-resistant bacterial infections in U.S. Hospitalized patients, 2012-2017. N. Engl. J. Med. 382, 1309–1319. doi:10.1056/NEJMoa1914433
 Karaman, R., Jubeh, B., and Breijyeh, Z. (2020). Resistance of gram-positive bacteria to current antibacterial agents and overcoming approaches. Molecules 25, E2888. doi:10.3390/molecules25122888
 Kern, W. V., and Rieg, S. (2020). Burden of bacterial bloodstream infection-a brief update on epidemiology and significance of multidrug-resistant pathogens. Clin. Microbiol. Infect. 26, 151–157. doi:10.1016/j.cmi.2019.10.031
 Madrazo, M., Esparcia, A., López-Cruz, I., Alberola, J., Piles, L., Viana, A., et al. (2021). Clinical impact of multidrug-resistant bacteria in older hospitalized patients with community-acquired urinary tract infection. BMC Infect. Dis. 21, 1232. doi:10.1186/s12879-021-06939-2
 Medina, E., and Pieper, D. H. (2016). “Tackling threats and future problems of multidrug-resistant bacteria,” in How to overcome the antibiotic crisis : Facts, challenges, technologies and future perspectives ed . Editors M. Stadler, and P. Dersch (Cham: Springer International Publishing), 3–33.
 Monaco, M., Pimentel De Araujo, F., Cruciani, M., Coccia, E. M., and Pantosti, A. (2017). Worldwide epidemiology and antibiotic resistance of Staphylococcus aureus. Curr. Top. Microbiol. Immunol. 409, 21–56. doi:10.1007/82_2016_3
 Oneko, M., Kariuki, S., Muturi-Kioi, V., Otieno, K., Otieno, V. O., Williamson, J. M., et al. (2015). Emergence of community-acquired, multidrug-resistant invasive nontyphoidal Salmonella disease in rural western Kenya, 2009-2013. Clin. Infect. Dis. 61 (4), S310–S316. doi:10.1093/cid/civ674
 Van Duin, D., and Paterson, D. L. (2020). Multidrug-resistant bacteria in the community: An update. Infect. Dis. Clin. North Am. 34, 709–722. doi:10.1016/j.idc.2020.08.002
 Xie, F., Li, B. X., Kassenbrock, A., Xue, C., Wang, X., Qian, D. Z., et al. (2015). Identification of a potent inhibitor of CREB-mediated gene transcription with efficacious in vivo anticancer activity. J. Med. Chem. 58, 5075–5087. doi:10.1021/acs.jmedchem.5b00468
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.
Copyright © 2022 Pusparajah, Letchumanan, Goh and McGaw. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Novel approaches to the treatment of multidrug-resistant bacteria, Volume II		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





