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Matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF 
MS) has revolutionized the identification of microbial species in clinical microbiology labo-
ratories. MALDI-TOF-MS has swiftly become the new gold-standard method owing to its 
key advantages of simplicity and robustness. However, as with all new methods, adoption 
of the MALDI-TOF MS approach is still not widespread. Optimal sample preparation has 
not yet been achieved for several applications, and there are continuing discussions on 
the need for improved database quality and the inclusion of additional microbial species. 
New applications such as in the field of antimicrobial susceptibility testing have been pro-
posed but not yet translated to the level of ease and reproducibility that one should expect 
in routine diagnostic systems. Finally, during routine identification testing, unexpected re-
sults are regularly obtained, and the best methods for transmitting these results into clini-
cal care are still evolving. We here discuss the success of MALDI-TOF MS in clinical mi-
crobiology and highlight fields of application that are still amenable to improvement.
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INTRODUCTION

The current position of matrix-assisted laser desorption ioniza-

tion time-of-flight mass spectrometry (MALDI-TOF MS) in clini-

cal microbiology is one of undisputed superiority over all other 

means of microbial species identification. At present, MALDI-

TOF MS is considered the holy grail of rapid microbial identifica-

tion despite only being introduced for use in routine laboratories 

less than 10 yr ago. The diagnostic applications cover gram-pos-

itive, gram-negative, aerobic, and anaerobic bacteria, as well as 

mycobacteria, yeasts, and molds. The specificity of MALDI-TOF 

MS-mediated microbial identification clearly makes this tech-

nique the current gold-standard diagnostic method. However, 

as has been claimed before, there is no single diagnostic method 

in microbiology that shows 100% accuracy [1]. In addition, even 

with the most efficient method, species identification is in the 

best case only as good as the current state of formal polyphasic 

microbial taxonomy [2]. Given this situation, it is important to 

consider aspects of the MALDI-TOF MS approach that can be 

further improved and to identify the issues that clinical microbi-

ologists encounter when considering adopting this technology. 

The key remaining question is whether current discrepancies 

between results obtained through conventional methods and 

the outcomes of MALDI-TOF MS can be better explained when 

developing guidelines for new diagnostic and clinical protocols.

Here, we critically assess the success of MALDI-TOF MS in 

clinical microbiology. Whereas the important advantages of this 

technology have already been highlighted, we feel that it is equally 
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important to define the current shortcomings and needs for im-

provement as well. 

SAMPLE PREPARATION

The primary application of MALDI-TOF MS in a clinical labora-

tory is species identification of cultured isolates of bacteria and 

fungi. Typically, isolated colonies of microbes grown on a solid 

agar medium are prepared by direct deposition of a small amount 

of cell material onto the target plate (e.g., for non acid-fast bac-

teria). For yeasts, and gram-positive cocci in some cases, on-

target extraction with formic acid is applied to improve extrac-

tion. For molds and acid-fast bacteria, a multi-step extraction 

procedure in a reaction tube generally improves the spectrum 

quality and hence identification performance. Most importantly, 

the various extraction procedures are not competitive. That is, in 

the case where a direct deposit does not yield an identification 

result, an on-target or tube extraction method likely improves 

the spectrum quality without increasing the risk of obtaining false-

positive results.

All extraction procedures ensure sufficient lysis of the cells 

and release of proteins that form a crystalline lattice with a chem-

ical matrix, e.g., α-cyano-4-hydroxy-cinnamic acid (CHCA), en-

abling efficient ionization. [3]. Typical sample preparation meth-

ods for particular types of samples are outlined in Fig. 1. Other 

common methods involve growth in a liquid medium such as 

cultivation of mycoplasma in a broth from which the bacteria 

are subsequently concentrated and, if necessary, washed be-

fore mass spectrum acquisition and subsequent identification. 

A particular sample preparation protocol is required for highly 

pathogenic species (e.g., tuberculous mycobacteria and other 

organisms requiring biological safety level [BSL] 3 conditions). 

Since MALDI-TOF MS systems are not typically found in BSL3 

laboratories, any suspected BSL3 sample that is to be analyzed 

must be completely inactivated before being handled at a lower 

safety level [4]. The challenge for such an inactivation proce-

dure is to eliminate viability, while retaining the proteins largely 

intact to allow for MALDI-TOF MS-based identification. Several 

procedures have been suggested to this end [5-7] and applied 

with success [8]. The most important steps for inactivation in-

clude the use of organic solvents (70% ethanol, trifluoroacetic 

acid, and various other mixtures), mechanical lysis, and wash-

ing steps. All procedures include multiple steps that are performed 

in a reaction tube that can be eventually transferred outside the 

BSL3 area. Although these procedures are technically straight-

forward, the most critical point is accurate handling by the labo-

ratory staff to avoid the risk of contamination. 

At present, MALDI-TOF MS cannot yet be performed directly 

on clinical samples in most cases, since the relatively low num-

ber of microorganisms present in the sample does not allow for 

accurate spectra acquisition. However, after enrichment during 

a liquid culture phase, identification becomes possible. For pos-

itive blood cultures, the microbial biomass is generally sufficient 

but needs to be concentrated and purified prior to mass spec-

tral analysis. This can be achieved by a lysis/centrifugation or a 

lysis/filtration protocol yielding pure microbial pellets that can be 

treated like colonies grown on a solid medium [8-10]. Other meth-

ods have been developed for this purpose, including quick-spin 

and wash protocols, density (gradient) centrifugation, among 

others. As an alternative to these concentration protocols, a so-

called “short incubation” method has been applied with suc-

cess by spreading an aliquot of a positive blood culture on an 

agar plate and incubating for 4–6 hr followed by sample prepa-

ration [11, 12]. Although this method extends the time of ob-

taining a result for individual samples, the overall efficiency is 

similar to that of more direct methods, mainly because the hands-

on time is short [13]. Most importantly, with MALDI-TOF MS, a 

first tentative identification result can be reported at a significantly 

earlier time point, thereby considerably improving sepsis treat-

ment [14, 15].

In general, and for most microbial species, approximately 104 

Fig. 1. Schematic summary of commonly applied sample prepara-
tion procedures for particular types of samples in matrix-assisted 
laser desorption ionization time-of-flight mass spectrometry (MAL-
DI-TOF MS)-based microbial identification. See the text for details.
Abbreviation: BSL, biological safety level.
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cells per sample is the minimum biomass required to yield a 

spectrum of sufficient quality for identification [16]. Hence, only 

urine samples from urethritis patients are amenable to direct 

MALDI-TOF MS without an incubation step, as infected urine 

samples contain sufficient numbers of bacteria (>103 cells/mL) 

that can be concentrated from larger volumes (>10 mL). How-

ever, direct identification from urine is not always easy owing to 

the presence of potentially obscuring defensin peaks that can 

interfere with the identification [17]. Working directly with clini-

cal samples can also be impaired by the fact that samples may 

be contaminated or contain more than one microorganism, 

which will compromise the identification results. 

IMPACT OF UNEXPECTED DIAGNOSTIC 
RESULTS

Without a doubt, MALDI-TOF MS provides a very strong meth-

odology for microbial species identification with accuracies and 

specificities that range between 90% and close to 100% de-

pending upon the microbial species involved or the spectrum of 

clinical samples analyzed. This level of performance often re-

sults in the reporting of rare species that may have not been pre-

viously reported at the species level [18]. For example, joint in-

fections with Staphylococcus lugdunensis seem to be detected 

more often with MALDI-TOF MS than with conventional identifi-

cation procedures [19]. 

Identification of isolates that are considered to be “difficult-to-

identify microbes” with conventional procedures is generally not 

problematic with MALDI-TOF MS and depends primarily on the 

integrity of the database [20]. The reason is simply that all mi-

croorganisms produce housekeeping proteins such as ribosomal 

proteins, irrespective of their metabolic activity, that allow for mass 

spectral identification [21]. 

The question is then to determine the sort of activities carried 

out in a clinical laboratory that might generate unexpected find-

ings, and the implications for laboratory workflow, clinical report-

ing, and patient treatment. In particular, it is important to estab-

lish whether a surprising result can be generally accepted or in-

dicate the need for additional testing, e.g., ribosomal PCRs and 

sequencing of the PCR products. The problem is usually not 

that significant with the acceptance that a rare species or spe-

cies not known to cause certain infections can be identified by 

MALDI-TOF MS; in general, a relatively short period of familiar-

ization with the technology leads to a high acceptance level. The 

question rather is how to treat such infections. Obviously, this 

necessitates the development of new experimental and possibly 

clinically validated tools for antimicrobial susceptibility testing 

(AST), which requires time and research effort. A clear protocol 

for such cases has not yet been established, but could include 

a literature research (Has the species involved been described 

occasionally or never? Has treatment been proposed? Has treat-

ment been documented and, most importantly, was such treat-

ment successful?) and growth-based AST, including disc diffu-

sion testing or antibiotic gradient testing with a broad spectrum 

of antibiotic compounds. Of course, such testing would initially 

be conducted for research purposes only, but could be used to 

at least guide clinical treatment. Such treatment should obviously 

be supervised clinically, and disease severity should be included 

in the decision tree. Although no standard method of dealing 

with unexpected species identifications has been presented to 

date, the phenomenon as such is expected to increase in fre-

quency as databases become increasingly more exhaustive. De-

ciphering complexes into specific species will generate different 

perspectives of epidemiological behavior (e.g., the detection of 

Enterobacter hormaechei or individual members of the Acineto-
bacter baumannii complex will change the assessment of the 

spread of the respective species).

Another aspect of MALDI-TOF MS-based identification is the 

ease and relatively low cost of a single identification result, which 

permits the selection of multiple if not all colonies from agar plates. 

This will lead to a widened view of infectious and commensal 

microorganisms and, possibly, to the recognition of new patho-

gens or specific disease-related microbial consortia. 

ARE DATABASES OF SUFFICIENT SIZE AND 
QUALITY? 

For the vast majority of species encountered in a routine clinical 

microbiology laboratory, MALDI-TOF MS databases are fairly com-

prehensive and robust. Therefore, on the one hand, it can surely 

be stated that available commercial databases are sufficiently 

complete to allow for efficient, routine identification in medical 

and, with some reservations, veterinary microbiology. This has 

been demonstrated in a large number of studies on various sam-

ple types. On the other hand, the number of known and well 

described microbial species only represents a tiny fraction of 

the global microbial diversity, and therefore available databases 

can never be complete in a strict sense. This is most evident for 

environmental microbiology and to a lesser degree for veterinary 

microbiology. In clinical microbiology, the knowledge of species 

associated with the human body has reached a high level but is 

nonetheless still far from being complete, as highlighted by mo-
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lecular studies on the human microbiome [22, 23].

As we learn more about cryptic species or species that were 

previously confused with more common ones, it becomes in-

creasingly important to delineate and expand databases, even if 

that would lead to the perseverance of some incorrect reference 

data. For example, the group previously thought of as the single 

species Candida haemulonii is now known to be a complex of 

multiple species, at least three of which (C. auris, C. duobush-
aemulonii, and C. haemulonii) are regularly detected in clinical 

settings [24]. 

Similar cases have been observed with species of Aspergillus 

[25], Burkholderia [26], Elizabethkingia [27], Klebsiella [28], 

and others. In these genera, new species have been described 

in recent years, and their identification is considered to be of 

medical relevance. For example, in the genus Acinetobacter, 
some species comprising the Acinetobacter-calcoaceticus-bau-
mannii-complex (ACB) have been described only recently [29], 

but isolates belonging to these species were encountered prior 

to the valid description of the respective species, including A. 
pittii as “DNA group 3”, A. nosocomialis as “DNA group 13TU”, 

or A. seifertii as “close to DNA group 13TU” [30]. 

Naturally, any identification system can only report a species 

name when the corresponding species has been validly described 

at an undisputed taxonomic level. For an isolate that belongs to 

a species for which only an informal description has been ac-

complished, identification is ideally achieved at a higher taxo-

nomic level, generally the genus or complex level. By gradual 

amendment of reference databases, new species may eventu-

ally be correctly identified; however, in addition to the proteomic 

data, this will require development of a well-defined “taxogeno

mic” framework in order to keep track of such new species. It is 

likely that microbial taxonomy will be primarily based on genome 

sequences in the future, a tendency that will also likely co-de-

fine the clinical utility of MALDI-TOF MS [31, 32].

The discovery of new species and taxonomic revisions is oc-

curring at a much higher frequency today compared to a few 

decades ago, primarily owing to the increasing availability and 

wide application of molecular (genomic) methods. In consequence, 

reference databases need to be updated continuously to account 

for new species or new species names. For example, as of Oc-

tober 16, 2016, the genus Mycobacterium comprises 192 spe-

cies and subspecies, 63 of which have only been described be-

tween 2000 and 2009 and 35 were noted from 2010 onwards. 

Of course, not all newly described species are of clinical rele-

vance and many have thus far only been found in environmen-

tal samples. However, new species isolated from clinical sam-

ples are of potential medical importance. In Mycobacterium, 

this may be the case for the species M. alsense [33], M. celeri-
flavum [34], and M. saopaulense [35], all of which have been 

isolated from patient samples but have not yet been included in 

commercial databases.

Although the process of database amendment or revision is 

technically straightforward, similar to that for public nucleotide 

sequence databases, the procedure is much more complex on 

the clinical side. For providers of commercial in vitro diagnosis 

(IVD) databases, the first step is to decide which of the new val-

idly described species are of sufficient clinical relevance to be 

included in the databases. In addition, it can be a challenge to 

find a sufficient number of strains available to build the database 

extension. Clinical validation requiring multiple unique isolates 

may be cumbersome if the frequency of occurrence of particu-

lar species is (very) low.

Important guidance is derived from scientific monitoring and 

user feedback, i.e., information on the occurrence of isolates in 

clinical samples that could not be identified or were misidenti-

fied by MALDI-TOF MS. Amended databases then need to be 

subjected to thorough testing, for example in clinical trials, be-

fore being released as a diagnostic tool. To date, the US Food 

and Drug Administration (FDA) has judged that a species can 

only be claimed usable for IVD in an approved database, if enough 

data are collected during the clinical trials, generally requiring 

tests on 30 unique isolates. The latter is true when there is an 

abundance of isolates; otherwise, the US FDA will agree to ac-

cept replicates of more limited numbers of isolates. If there is 

extreme rarity, the US FDA would agree to 30 replicates of one 

strain but their preference is to conduct tests with at least three 

strains along with respective replicate tests to achieve a mini-

mum of 30 results. 

AST

Although identification of microorganisms can be efficiently achi

eved by MALDI-TOF MS, the method of choice for subsequent 

AST is under debate. Complementary to classical techniques for 

AST, several MS-based methods for the rapid determination of 

resistance or susceptibility have been suggested. These can be 

categorized in four major types.

1. �Identification of resistant clones or lineages by whole-cell 
mass spectrometry (WCMS)

Ideally, the spectrum used for identification is then used for typ-

ing. A prerequisite for this approach is that proteins conferring 
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resistance or related proteins fall within the mass range used for 

WCMS. For example, in some methicillin-resistant Staphylococ-
cus aureus (MRSA) strains, methicillin resistance is associated 

with the presence of a phenol-soluble modulin (Psm) at m/z 2,415 

Da [36]. This peptide is encoded by some of the staphylococcal 

cassette chromosome mec (SCCmec) types and is easily detect-

able, whereas penicillin-binding protein 2a (PBP2A) that actu-

ally confers resistance has a molecular weight of about 76 kDa, 

and is therefore not detectable. Detection of an intense peak at 

m/z 2,415 indicates methicillin resistance, although its absence 

unfortunately does not allow for a conclusion of susceptibility to 

be reached [37]. If a particular resistance mechanism is associ-

ated with a particular phylotype, WCMS may be used to predict 

resistance. For example, Bacteroides fragilis strains can be dis-

tinguished according to their cfiA status without directly detect-

ing the metallo-β-lactamase itself [38, 39].

2. �Detection of microbial growth in the presence of 
antibiotics

In this method, bacteria are exposed to antibiotics and then spot-

ted on the MALDI-TOF MS slide in the presence of an internal 

standard [40]. This allows for the interpretation of resulting mass 

spectra in a quantitative manner by relating protein peaks to the 

internal standard peak and reaching conclusions based on the 

patterns of growth inhibition [41]. In principle, this approach can 

be applied to all antibiotics after optimization of test conditions, 

but multiplexing is not possible and each antibiotic has to be 

tested separately. In a related approach, the (lack of) de novo 
biosynthesis of proteins in the presence of antibiotics is detected 

through the incorporation of amino acids labeled with stable iso-

topes with a resulting mass shift of protein peaks [42]. 

3. Detection of antibiotic degradation
This approach uses MALDI-TOF MS as an analytical tool to de-

tect antibiotics and their modifications through analysis of enzy-

matic activities [43]. Hence, enzymes such as carbapenemases 

or lactamases in general are not directly detected—although 

this has been suggested in some publications—but their pres-

ence in a particular strain can be concluded from identification 

of a modification of an antibiotic that supposedly occurs through 

enzymatic activity. This technique has been widely used for the 

detection of carbapenemase activity through the observation of 

a mass shift due to hydrolysis of the lactam moiety of carbapen-

ems, sometimes followed by decarboxylation, resulting in mass 

shifts of +18 Da or –26 Da, respectively, compared to the native 

antibiotic’s mass [44-46] for a number of species as well as vari-

ants of lactamases [47-49]. For the latter case, it is important to 

note that some variants show low enzymatic activity and hence 

require an extended incubation time (4 hr) to avoid false-nega-

tive results [49, 50]. Further, the assay has been applied to sam-

ples obtained from positive blood culture, potentially avoiding a 

cultivation step using solid growth media [51, 52]. Multiplexing, 

i.e., an assay with multiple antibiotics, may be feasible when ly-

sates of bacteria are used [45]. Although MALDI-TOF MS has 

been used in most of the studies in this field, other mass spec-

trometric approaches such as liquid chromatography (LC)-MS/

MS show comparable performances [53, 54].

4. �Detection of proteins responsible for antibiotic resistance 
by MS/MS

Proteins that are not accessible for direct detection by WCMS 

can generally be detected by MS/MS approaches, often referred 

to as top-down proteomics. From a sample such as a bacterial 

colony, proteins are extracted and subjected to tryptic digestion. 

The resulting mixture of a large number of peptides is analyzed 

by LC-MS/MS to identify specific peptides based on their parent 

ion mass and fragmentation patterns. These so-called proteo-

typic peptides indicate the presence of resistance-conferring pro-

teins such as PBP2a or extended-spectrum β-lactamase with 

high sensitivity and specificity [55-58]. 

While a considerable number of studies have demonstrated 

the promise of MS for AST or resistance testing, no method pro-

posed to date has yet been validated by clinical trials and fully 

approved by regulatory agencies [59]. For full adaptation of the 

carbapenemase activity monitoring assay, for example, standard-

ization is required to achieve reproducible and reliable results 

[60, 61]. More globally, it can be stated that MS assays targeting 

the detection of resistance cannot replace AST, simply because 

the results do not allow for the selection of a drug for treatment 

but can rather only provide information as to which drugs should 

not be used. Therefore, the value of MS resistance testing may 

be primarily for epidemiological analysis of selected isolates, while 

conventional AST must be applied for the bulk of isolates. 

CURRENT TECHNICAL LIMITATIONS

As mentioned above, the limited sensitivity of whole-cell MALDI-

TOF MS makes the direct analysis of clinical samples difficult. 

Improving the sensitivity of MALDI-TOF MS by concentration 

and miniaturization steps is feasible to some extent and would 

be much appreciated by current users, but this can only be achi

eved at the price of increased handling time and equipment costs. 
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In principle, the sensitivity can be increased for single bacterial 

cells, as has been shown for on-line aerosol MS [62]. However, 

for reliable identification, most likely a minimum of approximately 

100 cells free of organic or inorganic matrix can be reasonably 

assumed. If this number of cells can be isolated from a clinical 

sample, for example through immuno-capture techniques [63], 

identification may indeed be feasible [64].

With the currently available commercial systems, a few but 

important limitations of species identification remain to be re-

solved. Although the differentiation of Shigella spp. and Esche-
richia coli has been suggested [65, 66], this test has not yet been 

validated or approved. The reason for this limitation is simply the 

fact that Shigella and E. coli are considered as a single species 

by taxonomists [67] and hence have highly similar proteomic 

patterns. 

Species of the Mycobacterium tuberculosis complex (MTB) 

exhibit the same level of similarity. Although identification as a 

member of the MTB can generally be achieved with high sensi-

tivity and specificity [68, 69], more precise identification to the 

species level is not feasible at present.

These and further limitations have to be accepted for now, and 

some problems may prove (very) hard to be solved with whole-

cell MALDI-TOF MS. Consequently, for the time being, microbi-

ological expertise as well as additional, specific test systems need 

to be conserved to deal with tests, in which MALDI-TOF MS re-

sults are inconclusive. Finally, it goes without saying that all mi-

crobiologists would like to see a smaller tool, available at a reduced 

price, with better qualifications and a universal database while 

simultaneously performing high-quality AST. 

ROUTINE WORKFLOW AND COMMUNICATION 
WITH CLINICIANS

Within a few years, MALDI-TOF MS identification has been im-

plemented in a large number of laboratories, replacing conven-

tional automated identification systems. This process has been 

largely facilitated by the fact that much less sample material is 

needed for MALDI-TOF MS compared to identification with clas-

sical substrate galleries or cards [70]. 

The costs of MALDI-TOF MS-based identification in compari-

son to conventional methods for routine clinical diagnostics have 

been evaluated in a few studies [71-73]. Expenses per sample 

as well as the time-to-result could be considerably reduced with 

MALDI-TOF MS although the numbers vary from study to study. 

Thus, MALDI-TOF MS identification systems can be considered 

as cheaper, faster, and more accurate than conventional identi-

fication systems.

How then are the identification and putative AST results ulti-

mately translated into practice? Are there accepted protocols for 

streamlining this flow of information from the laboratory to the 

clinician who is treating patients with infectious disease? For rou-

tine microbial diagnostics, reliable identification of an isolate is 

only one step in the workflow. The most important result to be 

communicated to a clinician obviously relates to treatment; which 

are the antibiotics that can be applied, at which doses, and for 

what duration? Hence, identification of a microbial species facili-

tates the initiation of the most important AST. It is in this dyna

mic situation where MALDI-TOF MS allows for true acceleration. 

For example, whereas identification used to take at least 24 hr, 

this can now be achieved in only a very small fraction of that time. 

It must be emphasized, however, that there is still a clear dis-

connect between the current rapidity in the field of microbial 

identification and the time required for performing AST. While 

MALDI-TOF MS has solved one bottleneck, the AST-related is-

sues remain very tangible.

MALDI-TOF MS-based identification is generally achieved at 

the species level or, for a small percentage of isolates, at the ge-

nus level. Identification at higher taxonomic levels is not possi-

ble, such as the classification of isolates as Bacteroidetes or Al-

phaproteobacteria as is frequently done for sequence-charac-

terized isolates that do not belong to a known genus. This means 

that the primary result to be reported is a species name that is 

potentially familiar neither to clinicians nor to general practitio-

ners. This applies to rare, new, or renamed species. Hence, a 

microbiological report containing an identification result for an 

unfamiliar species should include a ‘translation’ to more com-

monly used terminology to avoid confusion on the treatment 

side. This is true for rare or uncommon species as well as for 

species that have been subject to recent taxonomic revision, e.g., 

Lelliottia amnigena (syn. Enterobacter amnigenus), Saprochaete 
capitata (syn. Geotrichum capitatum, syn. Blastoschizomyces 
capitatus, syn. Trichosporon capitatum, etc.). For these and sim-

ilar cases, the diagnostic result provided by the identification sys-

tem is ideally complemented with taxonomic information for the 

treating physician. This could be simply the (earlier) synonym or 

a hint on the wider taxonomic affiliation of unusual species. For 

example, the latter could be a hint that species such as Staphy-
lococcus auricularis, S. capitis, and S. pettenkoferi belong to the 

S. epidermidis-group of coagulase-negative staphylococci (CoNS). 

CoNS are part of the human skin microbiome and are generally 

of lower pathogenicity, but have been reported as etiological agents 

of infectious disease in particular cases [74].
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FINAL REMARKS

Innovative MS methods are already being considered for intro-

duction into clinical laboratories. All classical MALDI-TOF MS 

machines could be improved with respect to the need of cali-

bration, size, maintenance levels, and cost. In addition, there 

are MS methods available that allow for the more detailed iden-

tification and characterization of microbial strains, including the 

detection of resistance genes and virulence factors as well as 

epidemiological markers [57]. To date, these methods require 

expensive equipment (three to four times more expensive than 

classical MALDI-TOF MS systems) and it is only possible to ana-

lyze one sample at a time. Since such analyses take longer to 

complete, at present, these methods are too slow for inclusion 

in the high-throughput workflow of a clinical microbiology labo-

ratory. However, as with any technology, improvements are fore-

seen in the years to come. 

In conclusion, MALDI-TOF MS dominates the field of micro-

bial identification at this stage. New developments, both techno-

logical and practical (with respect to the clinical databases), are 

foreseen that will further broaden the acceptance and integra-

tion of the MS technology in clinical microbiology. Nevertheless, 

competing technologies are emerging in parallel. In particular, 

the “omics” technologies, including next-generation microbial 

genome sequencing, will be competing for prime positions in 

the clinical microbiological diagnostic workflow. Therefore, the 

issue as to whether MALDI-TOF MS-based methods or those 

more geared to other MS technologies will ultimately survive and 

predominate in the field of clinical microbiology will undoubtedly 

become increasingly clarified over the next five years.
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