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Editorial
Timely identification of infectious agents and the early introduction

of an appropriate antimicrobial therapy is crucial in clinical practice,
particularly in severe infections, such as bloodstream infection.
However, rapid species identification is only the first step in the clinical
microbiology diagnostic workflow. Surveillance and early detection of
antimicrobial resistant strains should be the priority of the diagnostic
microbiology as resistant bacteria are involved into hospital outbreaks
as well as in sepsis. Antimicrobial stewardship and antimicrobial
resistance issues have recently hold considerable political attention at
national and international level [1-6]. Thus, rapid, accurate and cost
effective diagnostic methods are necessary to provide timely
information for antimicrobial treatment and infection control
measures in clinical microbiology laboratories.

In this editorial we aim to discuss the current technological trends
in clinical bacteriology related to laboratory automation, high level
information availability and reducing the overall time to identification,
antimicrobial susceptibility testing (AST) and epidemiological typing
final reports with cost effectiveness and high- accuracy.

Among the so-called “omics” technologies proteomics and genomics
are being successfully introduced allowing the laboratory automation.
Several of the time-consuming culture-based technologies in routine
diagnostics were replaced by culture-free tests based on nucleic acid
and protein profile detection.

During the past few years specific real-time PCR and multiplex-
PCR techniques for all clinically relevant micro-organisms detection
and for a variety of antimicrobial resistance genes monitoring were
developed, some of which are now fully automated [7]. Genomic
techniques like amplified fragment length polymorphism (AFLP),
pulsed-field gel electrophoresis (PFGE), and multi locus sequence
typing (MLST) are used for subtyping of bacteria for epidemiological
purposes in many laboratories [8]. Furthermore, several systems for
molecular AST have been proposed but a real-time PCR antibiogram is
still only a research tool [9]. Recently several studies have been
reported that PCR could be successfully used for determining
minimum inhibitory concentrations (MICs) of antibiotics [10].

Mass spectrometry was successfully introduced as a new diagnostic
gold standard method in clinical microbiology for rapid, accurate and
cost-effective microbial species identification [11].

Matrix-assisted laser desorption ionization time of flight mass
spectrometry (MALDI-TOF MS) technology has been shown to be a
suitable tool for high throughput and complete automation in clinical
microbiology laboratory. Furthermore, the microbial species
identification directly from the blood culture fluid by MALDI-TOF MS
technology has been widely proved. This technology is also well

positioned to be applied for rapid antimicrobial susceptibility testing
implementing the stewardship programs.

Recently, a semi-quantitative MALDI-TOF MS-based method for
the detection of antibiotic resistance was described in several studies
[12,13]. This assay namely MBT-ASTRA allows rapid identification
and susceptibility testing of both Gram negative and Gram-positive
pathogens in a single assay within approximately 3-4 h. MBT-ASTRA
assay measures the relative growth rates of bacterial isolates exposed to
antibiotic compared to untreated controls during a short incubation
step. This assay is also applicable for AST directly from blood culture
fluid with high sensitivity, specificity, and an overall accuracy rate of
95%. However, this alternative AST assay cannot be used to classify
intermediate resistance in its current configuration.

MALDI-TOF MS could be used also as a screening tool for
detection of resistance to β-lactam antibiotics and to discriminate
vancomycin-resistant from vancomycin-susceptible Enterococcus
faecium strains as well as carbapenemase production in anaerobic
bacteria as early as 3 h. Furthermore, identification and differentiation
of carbapenemase producing clinical strains of Enterobacteriaceae and
Pseudomonas aeruginosa from metallo-β-lactamase producing strains
has been reported in several studies. [14,15]. However, as a species-
specific resistance to antimycotic agents is observed in many molds
and zygomycetes, drug resistance in fungal isolates may be detected by
identification of the fungal species by MALDI-TOF MS [16].

Proteomics represents the functional aspect of genomics and can be
used as a taxonomic tool. Recently has been shown the applicability of
MS for bacterial taxonomy and strain typing. However, the use of
MALDI-TOF MS for strain typing of fungal isolates does not
successful as in bacteria. In contrast to yeasts, it has been difficult to
type molds since they have complicated phylogenetic relationships and
more complicated morphology. Strain typing by MALDI-TOF MS was,
however, reported to be feasible with C. albicans and C. parapsilosis
[17].

MALDI typing is a simple, cost effective and time-saving method in
contrast to gold standard method, PFGE. It could allow broad and
prospective typing of all clinical isolates detected in clinical settings.
However, application of MALDI-TOF MS for rapid susceptibility
testing or epidemiological studies is currently hampered by the lack of
standardized protocols and universal guidelines for data interpretation.
Furthermore, laboratory equipment is expensive and in need of costly
maintenance although the operating costs are low.

Next generation sequencing (NGS) is already applied in several
medical microbiology laboratories. NGS allows sequencing of the
whole genome (WGS) of numerous pathogens in one sequence run. It
can be performed directly to clinical specimens for rapid identification
of bacteria, outbreak management, molecular case finding,
characterization and surveillance of pathogens, taxonomy,
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metagenomics approaches on clinical samples, and for the
determination of the transmission of zoonotic microorganisms from
animals to humans by using a single protocol for all pathogens for both
identification and typing applications. It is particularly important in
outbreak detection and monitoring the evolution and dynamics of
multi-drug resistant pathogens [18]. NGS can differentiate between
clones with specific properties and allows the implementation of
control measures to avoid the dissemination of resistant bacterial
clones providing patient management, infection prevention and
evolutionary studies. NGS also allows the detection of novel resistance
genes (ARG) in bacteria, both in current as well as in historical strain
collections [19]. A rapid and accurate molecular epidemiological
surveillance of pathogens at regional and national level also can be
performed by NGS. NGS will also reveal differences in previously
indistinguishable animal and human bacterial strains regarding the
zoonotic transmission of microorganisms. In addition, NGS allows an
extensive analysis of how antibiotic use manipulates specific
microbiota and the consequences for interspecies transmission
increasing the knowledge on microbial evolution through the analysis
of bacterial genomes, namely the variable regions, which usually
determine host-adaptation and the potential of spread to different
hosts [20]. Genome sequencing will be applied for novel generations of
AST assays and the first examples regarding genome sequencing and
determination of appropriate real-time antimicrobial therapy has
already been reported [21]. Consequently, NGS should become routine
in the clinical microbiology laboratory. However, further studies are
required to improve the workflow for NGS, by shortening the
turnaround time for the library preparation and the runs on the NGS
platforms, and further reducing costs.

In contrast to proteomics approaches, all genomics techniques
described above request highly expertise personnel for performing the
assays and for data interpretation. Obviously, all these technological
innovations that allow the automation of clinical laboratory
procedures can be easily introduced in developed countries
laboratories rather than in developing countries laboratories.
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