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Editorial on the Research Topic

MALDI-TOF MS in microbiological diagnostics: future applications
beyond identification

Following a Research Topic on matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry (MS) application for susceptibility testing of
microorganisms (Becker and Schubert, 2021), three main reasons prompted us to initiate
another one on future applications of MALDI-TOF and other MS approaches beyond
identification. Firstly, the silent pandemic of multi-drug resistant organisms (MDROs) as
designated by the WHO undoubtedly needs more attention. While the development of
new antibiotics is receiving due attention, the development of feasible tests for rapid and
reliable detection of antimicrobial resistance (AMR) is still passing under the radar of public
attention threshold (van Belkum et al., 2013, 2019; Idelevich and Becker, 2019). Beyond
the individual treatment, antibiotics could be considered “social” pharmaceuticals as they
may also have general effects. Similarly, diagnostic tests used for microbial identification
and antibiotic susceptibility testing (AST) deserve to be considered “social” diagnostics with
comparable attention and support as antibiotics, since incorrect or late test results can
negatively influence both the antibiotic treatment for the patient and MDRO prevention
measures, thus leading to avoidable MDRO transmission and increase selection pressure
through unnecessarily broad therapy.

The second reason regards sustainability and cost efficiency. MALDI-TOF MS
applications beyond identification may ideally expand the application possibilities of a
diagnostic device already placed in many routine laboratories (Clark et al., 2013; Schubert
and Kostrzewa, 2017; Welker et al, 2019). Not one method alone can meet all of
today’s requirements for a full, rapid, robust, little personnel-intensive, cost-effective,
high-throughput and routine-ready AMR diagnostic approach with excellent sensitivity
and specificity. MALDI-TOF MS has the advantage to represent a phenotypic approach,
allowing resistance mechanism-independent assays, as known from classical growth-based
AST. Besides specific resistance mechanism-based MALDI-TOF MS assays, e.g. addressing
enzyme-caused alterations of an antibiotic (Sparbier et al., 2012), universal approaches
have been already reported, as the direct-on-target microdroplet growth assay (DOT-MGA)
(Idelevich et al., 2018). Further MALDI-TOF MS advantages include rapidity and random
access opportunity.
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Thirdly, to consider novel MALDI-TOF MS developments
not related to identification and AST. The current main efforts
to expand the application profile of MALDI-TOF MS beyond
identification target its use for AST as reflected by most of the
original articles published in this Research Topic. However, they
do not refer to the further development and optimization of the
technical procedures for AST itself, but to support this process e.g.,
by machine learning (ML) software tools.

Nowadays, there is an increased effort to take advantage of
artificial intelligence (AI) algorithms to analyze the patterns of
MALDI-TOF MS peaks for microbial identification and AST
(Weis et al., 2020). By the example of the foodborne pathogens
Campylobacter coli and C. jejuni, Feucherolles et al. describe a
ML prediction approach as an AMR screening tool for seven
antimicrobial resistances. The aim of diagnostic tests is achieving
both high sensitivity and specificity. This study shows the potential
of this approach, but also the unsolved hurdles to reach the
necessary balance between sensitivity and specificity. Here, high
sensitivity was chosen as the most important parameter to adjust
the threshold score during the tuning part, which led to specificity
problems regarding some of the antibiotics tested. The authors
concluded that threshold adjustment is vital while elaborating ML
pipeline for routine use based on MALDI-TOF mass spectra. Wang
H-Y. et al. used ML approaches to construct a prediction model
for rapid detection of ciprofloxacin-resistant Klebsiella pneumoniae
strains based on identified significant biomarkers. However, as
with similar ML approaches, they realized that those models
cannot be generalized to other microbial species and antibiotics.
This limitation has been addressed by Zhang et al. on serial
antibiotic resistances prediction. They generated a multi-label
prediction model for clindamycin and oxacillin susceptibilities in
Staphylococcus aureus based on MALDI-TOF MS data. In this
context, multi-label learning targets the challenge where each case is
represented by a single instance while simultaneously related with
a set of labels (Zhang and Zhou, 2014). Wang C. et al. reported a
deep learning-based algorithm on a convolutional neural network
(CNN) for that a benchmarking study has recently shown that
it is able to outperform traditional machine learning methods
(Mortier et al., 2021). Here, utilizing the complete information of
MALDI-TOF mass spectra for detecting Enterococcus faecium, a
CNN model to rapidly and accurately predict clinical vancomycin-
resistant E. faecium (VREfm) was introduced.

Over the past decade, numerous efforts have been made for
direct identification and AST of microorganisms in positive blood
cultures (BCs). Verroken et al. evaluated the performances of a
commercially available system designed to isolate and concentrate
microbial cells directly from a positive BC bottle, the so-called
“liquid colony,” as equivalent of a overnight subcultured colony for
identification by MALDI-TOF MS and other purposes.

The polymyxin colistin, a polycationic peptide antimicrobial,
is still considered as last line of defense against carbapenemase-
producers. Determination of resistance by MS-based assessment
of the negatively charged lipopolysaccharide component lipid
A as cellular target of the polymyxins is favored by switching
the MALDI-TOF-MS device into the negative-ion mode (Dortet
et al,, 2018). Jeannot et al. evaluated the MALDIxin test for
the detection of colistin-resistant Pseudomonas aeruginosa clinical
strains. All colistin-susceptible and most of the resistant strains
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were detected in <1 h; the remaining resistant strains were detected
after 4-h colistin pre-exposure. However, this procedure needs a
spectrometer equipped with a respective switching modality and
it creates more effort, e.g., by additional calibration steps, because
the positive-ion mode is used for routine diagnostic purposes in
clinical microbiology. For this reason, Foglietta et al. developed a
MALDI-TOF MS test in positive-ion mode for rapid detection of
colistin-resistant K. pneumoniae after a 3-h incubation reaching
total agreement with the phenotypic reference method.

Gato et al. evaluated the performance of MALDI-TOF MS for
rapid detection of carbapenemase activity in Enterobacterales, with
a standardized procedure with online software for data analysis
using carbapenemase-producers and controls in a multicenter
study, followed by a 2-month period clinical evaluation. The
accuracy ranged from 83.3 to 100% among the eight international
centers. Shaidullina et al. evaluated disks containing ertapenem as
source of substrate in MALDI-TOF MS-based assay for detection of
carbapenemase-producing Enterobacterales and found a sensitive,
specific and cost-effective alternative. Lu et al. introduced a
nanoscale liquid chromatography coupled to tandem MS (nano
LC-MS/MS) workflow to detect enterobacterial carbapenemases
with a screening method based on peptide groups (14 peptides with
100% specificity, nine peptides with 95-100% sensitivity).

Olson et al. used MALDI-TOF MS to genotype Moraxella bovis
strains based on two biomarker models to classify strains according
to genotype with an overall accuracy of 85.8-100%.

In summary, the main conclusion that can be drawn
from this Research Topic is that the development of non-
identification MALDI-TOF MS applications is worth continuing.
The overriding advantage is its special potential to obtain
a lot of information from one single protein spectrum
analysis, i.e., species identification, AST results, data of the
genetic diversity and, possibly, further information e.g., on
virulence factors.

Author contributions

KB and AL managed the Research Topic MALDI-TOF
MS in Microbiological Diagnostics: Future Applications Beyond
Identification as topic editors. KB and AL wrote the manuscript and
both authors reviewed and edited the manuscript.

Funding

The work is funded in part by a grant of the German
Federal Ministry of Education and Research (BMBF) (Grant
Number 13GW0594B) to KB and in part by the Italian Ministero
dell’'Istruzione, dell'Universitd e della Ricerca (MIUR) (Grant
Number 20177]J5Y3P) to AL.

Acknowledgments

The authors gratefully acknowledge helpful discussions with
Evgeny A. Idelevich.

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1204452
https://doi.org/10.3389/fmicb.2021.804484
https://doi.org/10.3389/fmicb.2022.821233
https://doi.org/10.3389/fmicb.2022.853775
https://doi.org/10.3389/fmicb.2022.827451
https://doi.org/10.3389/fmicb.2022.982650
https://doi.org/10.3389/fmicb.2021.725383
https://doi.org/10.3389/fmicb.2023.1045289
https://doi.org/10.3389/fmicb.2021.789731
https://doi.org/10.3389/fmicb.2022.1059104
https://doi.org/10.3389/fmicb.2022.784628
https://doi.org/10.3389/fmicb.2022.1057621
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Becker and Lupetti

Conflict of interest

KB is inventor of a patent application which is owned by the
University of Miinster and licensed to Bruker Daltonik GmbH.

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

References

Becker, K., and Schubert, S. (2021). MALDI-TOF MS Application for Susceptibility
Testing of Microorganisms. Lausanne: Frontiers Media SA

Clark, A. E., Kaleta, E. J., Arora, A., and Wolk, D. M. (2013). Matrix-assisted
laser desorption ionization-time of flight mass spectrometry: a fundamental shift
in the routine practice of clinical microbiology. Clin. Microbiol. Rev. 26, 547-603.
doi: 10.1128/CMR.00072-12

Dortet, L., Bonnin, R. A., Pennisi, 1., Gauthier, L., Jousset, A. B., Dabos, L.,
et al. (2018). Rapid detection and discrimination of chromosome- and MCR-plasmid-
mediated resistance to polymyxins by MALDI-TOF MS in Escherichia coli: the
MALDIXxin test. J. Antimicrob. Chemother. 73, 3359-3367. doi: 10.1093/jac/dky330

Idelevich, E. A, and Becker, K. (2019).
antimicrobial ~susceptibility testing. Clin. Microbiol.
doi: 10.1016/j.cmi.2019.04.025

accelerate
1347-1355.

to
25,

How
Infect.

Idelevich, E. A., Sparbier, K., Kostrzewa, M., and Becker, K. (2018). Rapid
detection of antibiotic resistance by MALDI-TOF mass spectrometry using a novel
direct-on-target microdroplet growth assay. Clin. Microbiol. Infect. 24, 738-743.
doi: 10.1016/j.cmi.2017.10.016

Mortier, T., Wieme, A. D., Vandamme, P., and Waegeman, W. (2021). Bacterial
species identification using MALDI-TOF mass spectrometry and machine learning
techniques: a large-scale benchmarking study. Comput. Struct. Biotechnol. J. 19,
6157-6168. doi: 10.1016/j.csbj.2021.11.004

Frontiers in Microbiology

03

10.3389/fmicb.2023.1204452

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.

Schubert, S., and Kostrzewa, M. (2017). MALDI-TOF MS in the microbiology
laboratory: current trends. Curr. Issues Mol. Biol. 23, 17-20. doi: 10.21775/cimb.023.017

Sparbier, K., Schubert, S., Weller, U., Boogen, C., and Kostrzewa, M. (2012). Matrix-
assisted laser desorption ionization-time of flight mass spectrometry-based functional
assay for rapid detection of resistance against beta-lactam antibiotics. J. Clin. Microbiol.
50, 927-937. doi: 10.1128/JCM.05737-11

van Belkum, A., Bachmann, T. T,, Liidke, G., Lisby, J. G., Kahlmeter, G., Mohess, A.,
et al. (2019). Developmental roadmap for antimicrobial susceptibility testing systems.
Nat. Rev. Microbiol. 17, 51-62. doi: 10.1038/s41579-018-0098-9

van Belkum, A., Durand, G., Peyret, M., Chatellier, S., Zambardi, G., Schrenzel,
J., et al. (2013). Rapid clinical bacteriology and its future impact. Ann. Lab. Med. 33,
14-27. doi: 10.3343/alm.2013.33.1.14

Weis, C. V., Jutzeler, C. R.,, and Borgwardt, K. (2020). Machine learning
for microbial identification and antimicrobial susceptibility testing on
MALDI-TOF mass spectra: a systematic review. Clin. Microbiol. Infect. 20, 2.
doi: 10.1016/j.cmi.2020.03.014

Welker, M., Van Belkum, A., Girard, V., Charrier, J. P., and Pincus, D. (2019). An
update on the routine application of MALDI-TOF MS in clinical microbiology. Expert.
Rev. Proteomics. 16, 695-710. doi: 10.1080/14789450.2019.1645603

Zhang, M. L., and Zhou, Z. H. (2014). A Review on Multi-Label Learning
Algorithms. IEEE Trans. Knowl. Data Eng. 26, 1819-1837. doi: 10.1109/TKDE.2013.39

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1204452
https://doi.org/10.1128/CMR.00072-12
https://doi.org/10.1093/jac/dky330
https://doi.org/10.1016/j.cmi.2019.04.025
https://doi.org/10.1016/j.cmi.2017.10.016
https://doi.org/10.1016/j.csbj.2021.11.004
https://doi.org/10.21775/cimb.023.017
https://doi.org/10.1128/JCM.05737-11
https://doi.org/10.1038/s41579-018-0098-9
https://doi.org/10.3343/alm.2013.33.1.14
https://doi.org/10.1016/j.cmi.2020.03.014
https://doi.org/10.1080/14789450.2019.1645603
https://doi.org/10.1109/TKDE.2013.39
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Editorial: MALDI-TOF MS in microbiological diagnostics: future applications beyond identification
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


