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1. Bacterial Identification

The most common and best-optimized utilization of MALDI-TOF to date is for the regular recognition of clinical pathogens.

Because of its incredible rapidity for microbial detection, whether from cultivation or directly from medical specimens,

MALDI-TOF has during the past two decades become the standard method. The majority of microbial pathogens

frequently seen in clinical microbiology facilities may now be successfully identified, employing MALDI-TOF due to an

increase in the technique’s reliability over time . The ability of MALDI-TOF to correctly identify species that are

members of the Enterobacteriaceae (e.g., Salmonella spp. and Cronobacter spp.) at the genus level, according to a

collaborative study completed in 2018 . Aeromonas, Citrobacter, Escherichia, Plesiomonas, Providencia, Serratia, and

Yersinia, also closed-related genera, were investigated in the same study, allowing the scientists to exclude Salmonella or

Cronobacter confusion. It has been widely shown that MALDI-TOF can properly detect the most prevalent species of the

Enterobacteriaceae . Even so, it has presumably been revealed that MALDI-TOF misidentifies Shigella species as

Escherichia coli and only partially distinguishes between those that belong to the Citrobacter freundii, Enterobacter
cloacae, and Salmonella enterica species .

The practice of the majority of the microbiology labs currently includes the detection of non-fermenting Gram-negative

rods by MALDI Biotyper. Various MALDI-TOF methods have been proven to properly identify the most frequent species

seen in clinical settings (e.g., Pseudomonas aeruginosa, Stenotrophomonas maltophilia, and Moraxella catharralis) in

93.6–96.6% of the cases studied . However, as a result of the similarity among the species in this genus, certain

species have only been recognized on a broad scale (e.g., Burkholderia cepacia and Acinetobacter baumannii) or at a

genus level (e.g., Achromobacter species, Chryseobacter species, and Ralstonia species). These species pose a problem

for DNA-based techniques as well, but recognition at the species level is typically not important from a medical viewpoint.

Updates in the library are recommended, utilizing reference strains accurately described by genetic approaches where

recognition at the species level is necessary to determine the antimicrobial activities. Nevertheless, subsequent datasets

and spectral analyzing advancements may make achieving a higher degree of reliability simpler .

When supplemented datasets are used, MALDI-TOF has also proved successful in identifying various Gram-negative

bacteria, such as the HACEK group (Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, Kingella), with rates of

100% species precision . In one investigation, a commercialized dataset produced 66.0% appropriate species level

recognition but 93.0% proper genus level. This also applies to the Neisseria genus, because several species that are

included in the normal microbial community have been mistaken for Neisseria meningitides . The only way to avoid

these mistakes and guarantee a correct assessment is through the usage of current and extended databases. As

demonstrated in another category, the level of reliability presently attained for the recognition of Gram-negative organisms

via MALDI-TOF is still astonishing given that it is carried out in less than 1 h . Oviaño and his colleagues  conducted

a comparison study assessing the detection of suspected colonies from fecal samples by MBT compass software vs.

conventional morphological approaches. They discovered that the full MALDI identification process, from preparation of

the sample to obtaining the final result, was finished in less than 30 min, cutting the test’s delivery time by two to three

days as described in another study .
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Gram-positive pathogens have consistently been difficult for MALDI-TOF to analyze. Some of them are challenging to

distinguish because of their complicated composition of cell walls and the tight kinship between the species within the

major genera. The success rate of identifying these pathogens at the species level has significantly risen as a result of the

application of formic acid for a quick, on-plate protein extraction . Despite significant advances in the databases that

are provided, it is occasionally simple to distinguish between various Streptococcus species. An effort has been made to

identify particular peaks that enable reliable distinction . In addition, a method that uses the top 10 identifications

obtained by MALDI-TOF has been created with the same objective . With regard to anaerobes, MALDI-TOF has

demonstrated to offer species-level identification compared with genetic methods in a quick and economical manner .

According to a multicentric study called ENRIA, which enabled the enhancement of the MBT database with approximately

6903 bacterial species and more than 60 distinct genera, significant advancements have been made in the accurate

identification of anaerobes . The upgraded database had a particularly big influence on the bacterial detection of Gram-

positive anaerobic isolates, of which recognition was considered to be difficult due to the absence of spectral data from

this category of microorganisms in earlier iterations of commercialized databases .

Mycobacteria are commonly recognized by MALDI TOF MS technology . Unfortunately, this technology has the

same drawback as real-time PCR in that it cannot distinguish between various Mycobacterium tuberculosis complex

(MBTC) species . Therefore, it is now unable to specifically identify tuberculosis species with this technology . Since

the advent of up-to-date, thorough datasets and the development of streamlined sample processing techniques in recent

years, MALDI-TOF MS has been able to differentiate between a growing number of non-tuberculous Mycobacterium

species. While MALDI-TOF MS is still able to differentiate between MBTC species in the coming year, this is still one of its

greatest challenges . It was demonstrated that the in vitro diagnostic method created by the company of Bruker

Daltonics (Bremen, Germany), that uses crystal particles to mechanically interrupt the microbial biomass accompanied by

ribosomal extraction, can provide identification at the species level . Species with complex morphologies, for instance

the Mycobacterium avium, can be successfully differentiated via a species-specific marker . Overall, MALDI-TOF

enables extremely accurate detection of Mycobacteria that are not tuberculous. The precision of this authentication is

comparable to that offered by molecular biology techniques, although MALDI-TOF requires a response time of about one

hour since the specimens must be heat-inactivated for half an hour . Similar to mycobacteria, Nocardia and

Streptomyces belonging to the order Actinomycetales must have their cell walls damaged in order for MALDI-TOF to

correctly identify them. Because of their complex nomenclature, it can be difficult to differentiate between similar species.

2. Yeasts and Filamentous Fungi Identification

There are two major MALDI-TOF MS systems on the market today: the MBT (Bruker Daltonics) and the Vitek MS

(BioMerieux). Although a distinct fungi database only became accessible for mold detection for experimental use in 2012,

the FDA only approved the MBT in 2013 for the identification of bacteria and yeast. For bacteria and yeast identification,

the FDA only approved the MBT in 2013 after a separate fungi database had been made available for experimental use in

2012. The FDA, however, approved the Vitek MS version 3.0 in 2017 with a library that included more bacteria, yeasts,

mold, and mycobacteria . In 2017, the FDA approved a version of Vitek MS containing additional bacteria, yeasts,

molds, and mycobacteria. In spite of the fact that chances of success might vary greatly depending on microorganism

type, database version, extraction process conditions, and threshold level, scientists have observed that both MBT and

VITEK MS systems are capable of fairly excellent recognition of yeast . In clinical microbiology labs nowadays, MALDI-

TOF is applied routinely for the discovery of yeast species . The identification of yeasts, particularly those from

regularly occurring genera (e.g., Cryptococcus and Candida), is performed immediately using cultivated colonies on

growth media and from medical samples, despite the fact that the utilize of protein extraction was recorded in earlier

investigations. To identify non-Candida genera, most researchers recommend using internal databases.

Similarly, fungal species have been verified in the same way that nontuberculous mycobacteria have been verified:

verification of these microbes usually requires prior disturbance to penetrate their cellular structure, the complexity of fungi

is higher than that of bacteria, and the structure of protein molecules has changed over time as well. Until relatively

recently, there were no comprehensive commercial databases to address these challenges. It is therefore not surprising to

see a number of authors building their own internal libraries as a result of certain sample preparations . There is

currently no accepted standard procedure for detecting fungal species, but researchers working on MALDI-TOF have

used equivalent mixtures of mechanical and chemical methods to solve this problem . Eventually, Normand et al. 

conducted a more extensive effort. To compare spectra from unidentified fungal isolates, a library with approximately

11,000 stored spectra from about 938 filamentous fungi of clinical significance has been created and made available on

the web. Aspergillus, Trichophyton, and Microsporum species that are clinically meaningful can be correctly identified
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using the library, which enables microbiology labs to quickly and accurately carry out the necessary fungal identification

.

3. Viral Identification

Numerous studies have investigated the use of MALDI-TOF MS to detect a wide variety of viruses, including

Papillomaviridae, Picornavirus, and Orthomyxoviridae families . As reported by Sjöholm et al. , MALDI-TOF MS had

a reliability rate of 95.6% and a specificity of 98.0% when analyzing 882 fluid samples. With the aid of MALDI-TOF MS,

Cai and co-workers developed a high-throughput genetic analysis method with a matching rate of 80.1% (285/356).

Based on genetic analysis and MALDI-TOF MS, Peng et al. identified enteroviruses and 93.4% (225/241) of the findings

were in agreement . A MALDI-TOF MS analysis was also conducted to distinguish different influenza virus types, and

the findings were 100% (29/29) compatible with genetic analyses . To detect other respiratory viruses, such as

influenza, in cell cultures of clinical samples, MALDI-TOF MS is used to analyze the protein spectral composition of the

coat proteins of intact tobacco mosaic viruses . The SARS-CoV-1 proteins and trypsin-digested peptides were

additionally identified by MALDI-TOF MS . This tool developed by Yoshinari and his coworkers combines simple

purification processes with a rapid recognition phase to identify SARS-CoV-2-specific peptides accurately in

nasopharyngeal swabs, which may offer a more accurate method of diagnosing COVID-19 in the future . For COVID-

19 testing, MALDI-TOF MS has been suggested as a viable approach . Lazari and coworkers used MALDI-TOF

protein signatures from salivary swabs to develop a new strategy for diagnosing COVID-19 and demonstrated that this

technique could identify and predict the virus .

In the near future, clinical virology will benefit from the detection of resistant protein markers, the determinants of

virulence, and MALDI-TOF MS applications for more direct detection of clinical samples. A change in working procedures

would, however, be necessary if this technology were routinely used for virology diagnosis . The fact that sensitivity can

be identified, among other technical advancements, requires an increased level of integration into laboratory workflows.

Diagnostics can be made immediately from clinical samples, and microorganism databases need to be updated

continuously. MALDI-TOF should become available for everyday viral diagnostic testing as technological advancement

plays a key role in viral identification through MS techniques.

4. Detection of Antibiotic Resistance

An urgent need exists for creative solutions to the rising rates of multidrug-resistant bacteria, not simply for treatment and

preventive measures but also for the identification and characterization of isolates that are resistant to antibiotics .

The main barriers to starting a prompt targeted antibiotic therapy and/or infection prevention and control measures are the

difficulty of conventional morphological sensitivity testing protocols and the limitations of quick DNA-based molecular

diagnostics. An improved therapeutic results depend on receiving early, adequate treatment . The benchmark

standards for phenotypic antibiotic susceptibility testing (AST) depends on the identification of bacterial activity or

suppression in the presence of an antibiotic. The currently offered conventional techniques of assessing AST take roughly

a day to generate a result, despite the fact that AST seems to be most important since it can detect all types of resistance

regardless of the mechanisms underlying that resistance .

New fast phenotypic AST methods are therefore required. Here, researchers introduce a freshly created technique known

as a straightforward microdroplet growth test for the quick discovery of antibiotic resistance based on MALDI technology.

In spite of the microbiological species, antimicrobial drug in issue, or fundamental resistance strategy, this method

enables comprehensive morphologic AST, which enables quick separation between resistant and sensitive isolates .

Due to MALDI-TOF MS’s adaptability, increasing numbers of applications relying on this approach are beginning to

appear. The identification of virulent biomarkers and the screening of antibiotic resistance are among the most intriguing

ones currently being used or soon to be used in clinical settings . Recently, MALDI-TOF MS is considered one of the

most common methods used detecting antimicrobial resistance through measuring the hydrolysis of different antibiotics

such as beta-lactamases and carbapenemases . The beta-lactamase activities are conducted in a relatively similar

manner across all the research papers . An antibiotic buffer is reconstituted in fresh bacterial culture and incubated at 37

°C with stirring for one to two hours. As soon as the culture period is over, the mixture is spun, and the supernatant is

transferred to a MALDI-TOF work-piece to be analyzed. Samples can be inserted, dehydrated, and then analyzed by

MALDI-TOF MS. Researchers have reported that cephalosporins have the spectra of cefotaxime, ceftazidime,

ceftriaxone, cefpodoxime, and cefepime as well as their hydrolysis products . Because of cefepime’s limited sensitivity,

which causes false positive results in the hydrolysis, it has been rejected for MALDI-TOF identification of beta-lactamases,

while ceftriaxone is the most reactive, selective, and fastest .
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Extended spectrum beta-lactactamases (ESBL) producing bacteria would exhibit positive degradation after 30 min of

incubation (Figure 1). Although cefotaxime has more expertise, the outcomes for cefotaxime and cefpodoxime are

comparable. Both have susceptibility levels exceeding 90%, however for both, a 1 h incubation period is advised.

Ceftazidime is not advised as a drug of choice for the investigation of beta-lactactamases since it significantly reduces the

efficiency of hydrolysis and, subsequently, MALDI-TOF MS recognition. The suggested incubation period of three hours is

based on the susceptibility being less than 90% .

Figure 1. A workflow for MALDI-TOF detection of antimicrobial resistance.

With the aid of MS, it has been described how ertapenem, meropenem and imipenem are hydrolyzed in the context of

carbapenem antibiotics. A 2 h incubation period is recommended for both ertapenem and meropenem due to their high

sensitivity. Mass spectra of ertapenem show clearly defined peaks, however mass spectra of meropenem and imipenem

are excluded . It has been suggested that dihydroxybenzoic acid could be used as a matrix for analyzing meropenem

and its hydrolyzed product . The MBT STAR-BL IVD software, used in conjunction with the MBT STAR-Carba IVD Kit

and the MBT STAR-Cepha IVD Kit, is a tolerance package for the MBT. The program automatically analyzes peaks and

produces a merged report including the verification of the strain of bacteria and its imipenem sensitivity. Using this

technology, even non-MS specialists can evaluate hydrolysis as it is automated . In order to differentiate sensitive from

resistant bacteria of the same species, the peak evaluation method is used. The peaks can be allied with a particular

design if the transcription of a protein or peptide is related to the resistance phenotype directly or indirectly. By comparing

mass peaks, the user can determine which germs are vulnerable and which ones are resistant. Using the spectra of beta-

lactamase as a marker, Camara and Hays  distinguished between ampicillin-resistant strains of plasmid-transformed E.
coli from different sources. MALDI-TOF MS was successfully used in 2011 to distinguish between Bacteroides fragilis that

are cfiA-positive and cfiA-negative, and subsequently their carbapenem resistance. In spite of this, these examinations

still seem to suggest additional incubation time, albeit less than for antibiograms, which intrinsically delays assessment of

which antibiotherapy will work best. Before MALDI-TOF MS can be regarded as the new reference approach for the

screening of antibiotic resistance in regular investigations, there remains a great deal of work concerning the review on

the identification of antimicrobial resistance by specialized MALDI-TOF spectra patterns. There are still a lot of

unanswered problems, thus further research on pathogenic organisms is needed. The scientists need to be very

interested in research on critically important antibiotics like cephalosporins or macrolides, which are frequently utilized to

treat infections in hospital settings despite the lack of evidence on them. Last but not least, the combined strategy of

molecular and MALDI-TOF MS should quickly replace other methods as the primary method for the most accurate and

quick diagnosis of antimicrobial resistance in clinical microbiology labs.
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