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Editorial on the Research Topic

Community series - characterization of mobile genetic elements

associated with acquired resistance mechanisms, volume II

Antibiotic resistance in bacteria remains a great challenge to clinical medicine as resistant

bacterial infections are very difficult to manage. It is estimated that antibiotic-resistant

infections resulted in 1.27 million deaths in 2019, which is expected to increase to 10 million

deaths annually by 2050 (Antimicrobial Resistance Collaborators, 2022). In the US alone,

at least 2 million people got an antimicrobial-resistant infection, of which at least 23,000

people died in 2019 (CDC, 2019). In the EU, 541,000 deaths were associated with antibiotic

resistance while 133,000 deaths were attributable to this menace (European Antimicrobial

Resistance Collaborators, 2022). Moreover, the costs associated with antibiotic resistance

have been estimated by Nelson et al. (2022) to be $1.9 billion in just a retrospective study.

In another study conducted by the CDC and the University of Utah School of Medicine, it

was concluded that $4.6 billion in health care costs accrued annually from treating antibiotic

resistance in six pathogens in the US (CDC, 2021). These statistics evince why theWHO has

categorized antibiotic resistance among the top 10 threats for global health (Antimicrobial

Resistance Collaborators, 2022).

As dire as these statistics are, they do not show why antibiotic resistance is spreading so

fast among hospital pathogens. The underlying factors driving the acquisition of antibiotic

resistance among pathogens are the focus of this Research Topic: mobile genetic elements

(MGEs) (Partridge et al., 2018). The acquisition of antibiotic resistance genes (ARGs) via

horizontal transfer remains the commonest means of antibiotic resistance transmission. This

is a process that can immediately turn a susceptible bacterial strain into a resistant one.

Involved in this transmission process are MGEs, which are genetic structures that shuttle

resistance genes from chromosome to plasmids, plasmids to plasmids, and bacterial cell
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to bacterial cell. They include plasmids, transposons, insertion

sequences, integrons, ICE (integrative conjugative elements),

mobile ICE (MICE), and prophages (Partridge et al., 2018).

The importance of these MGEs to antibiotic resistance

transmission was confirmed by da Silva et al. in this series

when they undertook a thorough analysis of 345 Pasteurellaceae

species’ genomes (da Silva et al.). In this in-depth analysis, they

found that 77.6% of the mobilome (10,820 insertion sequences,

2,939 prophages, and 43 integrative and conjugative elements)

integrated into the Pasteurellaceae genomes were associated with

55 different ARGs. Evidently, 77.6% of MGEs being associated with

the resistome of Pasteurellaceae genomes is a substantial number

and shows the importance of horizontal gene transfer in antibiotic

resistance (da Silva et al.).

Similarly, genomic analysis of the mobilome and resistome

of Streptococcus suis in pigs found at least 20 integrative and

conjugative elements (ICEs) and 10 prophages that were associated

with tetracycline, macrolides-Lincosamides-Streptogramins

(MLS), and aminoglycoside ARGs (Wang et al.). The ICEs

consisted of integrative mobilizable elements (IMEs), cis-IMEs

(CIMEs), and transposon Tn916. These three different ICEs were

associated with specific ARGs, underlining their importance in

the transmission of clinically important ARGs among pigs and

possibly, among human consumers.

Enterobacterales are an order of bacteria that consist of

important nosocomial pathogens such as Escherichia coli, Klebsiella

pneumoniae, and Enterobacter sp. In a retrospective study spanning

between 2009 and 2020, Zelendova et al. identified plasmid-

borne mcr-1, mcr-4, and mcr-9 in human clinical Enterobacterales

isolates in the Czech Republic (Zelendova et al.). Some of

thesemultidrug-resistant isolates also co-harbored carbapenemases

such as blaKPC and blaOXA−48 on plasmids (Kopotsa et al.,

2019), making them highly resistant pathogens. Furthermore,

three Enterobacter kobei isolates co-harbored both mcr-4 and

mcr-9 ARGs (Zelendova et al.). Instructively, these mcr genes

were associated with specific plasmid types: mcr-1 (IncX4,

IncH12, and IncI2), mcr-4 (ColE10), and mcr-9 (IncH12)

(Mmatli et al., 2022).

The importance of IncX-type plasmids in shuttling ARGs,

specifically mcr-1, was corroborated in Egypt when IncX4 and

IncP plasmids were identified to host mcr-1 in multidrug-resistant

E. coli strains (Soliman et al.). In these plasmids, the mcr-1 was

sandwiched between two ISApl1 insertion sequences to form a

composite transposon. A virulence plasmid, hosting important

virulence genes, was also detected (Mmatli et al., 2022). These

confirm the global distribution of IncX-type plasmids (Kopotsa

et al., 2020) and their centrality in spreading ARGs among

Enterobacteriaceae, as observed by Guo et al.

This Research Topic thus shows the importance of MGEs in

the movement of specific ARGs among bacterial pathogens of

the same or different clones and species in humans, animals, and

the environment, as well as across borders (Ramaloko and Osei

Sekyere, 2022).

Author contributions

JOS wrote, formatted, and edited the article. All other authors

reviewed it. All authors contributed to the article and approved the

submitted version.

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.

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

Antimicrobial Resistance Collaborators (2022). Global burden of bacterial
antimicrobial resistance in 2019: a systematic analysis. Lancet 399, 629–655.
doi: 10.1016/S0140-6736(21)02724-0

CDC (2019). Antibiotic Resistance Threats in the United States, 2019. Atlanta, GA:
U.S. Department of Health and Human Services, CDC. Available online at: https://
www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
(accessed June 2, 2023).

CDC (2021). CDC Partners Estimate Healthcare Cost of Antibiotic-resistant
Infections, 2021; Atlanta, GA: National Center for Emerging and Zoonotic
Infectious Diseases (NCEZID), Division of Healthcare Quality Promotion (DHQP).
Available online at: https://www.cdc.gov/drugresistance/solutions-initiative/stories/
partnership-estimates-healthcare-cost.html (accessed June 14, 2023).

European Antimicrobial Resistance Collaborators (2022). The burden of
bacterial antimicrobial resistance in the WHO European region in 2019:
a cross-country systematic analysis. Lancet Public Health. 7, e897–e913.
doi: 10.1016/S2468-2667(22)00225-0

Kopotsa, K., Mbelle, N. M., and Osei Sekyere, J. (2020). Epigenomics, genomics,
resistome, mobilome, virulome and evolutionary phylogenomics of carbapenem-
resistant Klebsiella pneumoniae clinical strains. Microb. Genom 6, mgen000474.
doi: 10.1099./mgen.0.000474

Kopotsa, K., Osei Sekyere, J., and Mbelle, N. M. (2019). Plasmid evolution in
carbapenemase-producing Enterobacteriaceae: a review. Ann. N Y Acad. Sci. 1457,
61–91. doi: 10.1111/nyas.14223

Mmatli, M., Mbelle, N. M., and Osei Sekyere, J. (2022). Global epidemiology,
genetic environment, risk factors and therapeutic prospects of mcr genes:
a current and emerging update. Front. Cell. Infect. Microbiol. 12, 941358.
doi: 10.3389/fcimb.2022.941358

Nelson, R. E., Hyun, D., Jezek, A., and Samore, M. H. (2022).
Mortality, length of stay, and healthcare costs associated with multidrug-
resistant bacterial infections among elderly hospitalized patients in
the United States. Clin. Infect. Dis. 74, 1070–1080. doi: 10.1093/cid/
ciab696

Partridge, S. R., Kwong, S. M., Firth, N., and Jensen, S. O. (2018). mobile genetic
elements associated with antimicrobial resistance. Clin. Microbiol. Rev. 31, e00088–17.
doi: 10.1128/CMR.00088-17

Ramaloko, W. T., and Osei Sekyere, J. (2022). Phylogenomics,
epigenomics, virulome and mobilome of Gram-negative bacteria co-resistant
to carbapenems and polymyxins: a One Health systematic review and
meta-analyses. Environ. Microbiol. 24, 1518–1542. doi: 10.1111/1462-2920.
15930

Frontiers inMicrobiology 02 frontiersin.org

https://doi.org/10.3389/fmicb.2023.1230730
https://doi.org/10.3389/fmicb.2021.773284
https://doi.org/10.3389/fmicb.2021.773284
https://doi.org/10.3389/fmicb.2021.773284
https://doi.org/10.3389/fmicb.2022.1074844
https://doi.org/10.3389/fmicb.2023.1147846
https://doi.org/10.3389/fmicb.2023.1147846
https://doi.org/10.3389/fmicb.2023.1147846
https://doi.org/10.3389/fmicb.2022.989045
https://doi.org/10.3389/fmicb.2022.979558
https://doi.org/10.1016/S0140-6736(21)02724-0
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/solutions-initiative/stories/partnership-estimates-healthcare-cost.html
https://www.cdc.gov/drugresistance/solutions-initiative/stories/partnership-estimates-healthcare-cost.html
https://doi.org/10.1016/S2468-2667(22)00225-0
https://doi.org/10.1099./mgen.0.000474
https://doi.org/10.1111/nyas.14223
https://doi.org/10.3389/fcimb.2022.941358
https://doi.org/10.1093/cid/ciab696
https://doi.org/10.1128/CMR.00088-17
https://doi.org/10.1111/1462-2920.15930
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Editorial: Community series - characterization of mobile genetic elements associated with acquired resistance mechanisms, volume II
	Author contributions
	Conflict of interest
	Publisher's note
	References


