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ABSTRACT

Objectives: The research objective was to present the main
techniques for identifying pathogenic microorganisms and the
application of new technologies for the clinical diagnosis of in-
fectious diseases. Methods: It was made a search for free and
recent journals available online in the databases of Pubmed (Na-
tional Library of Medicine and the National Institutes), Lilacs (Lat-
in American and Caribbean Literature in Health Sciences), and
Scielo (Scientific Electronic Library Online), based on keywords
related to the proposed theme. Results: From the researched
literature, it was possible to verify that conventional techniques,
despite their limitations, are still widely used for the identification
and microbial characterization. However, in the last decades,
molecular methods have been widely inserted in the laborato-
ry routine seeking to increase the capacity to detect infectious
agents with high sensitivity, specificity, speed, and low cost.
Among the various techniques, amplification of DNA sequences
is highlighted by the polymerase chain reaction (PCR), the se-
quencing of the 16S rRNA gene, and other variations of PCR. In
addition to these, new technologies have been developed, such
as new generation sequencing (NGS) and Matrix-assisted Laser
Desorption/ionization-time-of-flight Mass Spectrometry (MAL-
DI-TOF MS). Conclusion: The development of new technologies
that allow rapid, sensitive, reproducible, and low-cost microbial
identification, it is of great relevance for clinical microbiology, and
consequently, for public health.
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INTRODUCTION

The detection, identification, and
characterization of pathogenic microorganisms
are crucial for the successful treatment of
infectious diseases. For this reason, clinical
microbiological diagnostic laboratories have a
large arsenal of methods, culture-dependent or
independent, to investigate the etiology of
microbial infections [,

Traditionally, the techniques of identification and
differentiation of bacterial strains are culture-
dependent, based on the phenotypic
characteristics of the samples. However, these
conventional techniques are often limited by
their low capacity to differentiate between strains
of a given species and also due to the low
reproducibility of the tests 2. Besides, some
microorganisms that cause infections require
specific growth conditions and are difficult to
reproduce in the laboratory, preventing their
identification I,

Faced with this problem, new techniques for the
identification and classification of
microorganisms are emerging in an attempt to
streamline results, reduce costs, and reach more
detailed identifications than conventional
methods . Among the various techniques, the
molecular ones that are being rapidly developed
stand out, contributing significantly to a major
advance in clinical microbiology .

In general, the molecular techniques for
characterizing microorganisms bases on the
analysis of proteins and mainly nucleic acids
[RNA or DNA], with different levels of resolution
for the detection of bacterial isolates 6. Among
these, we highlight the ones based on the
amplification of DNA sequences by the
polymerase chain reaction [PCR] [/, sequencing
of the 16S rRNA gene 89 and other techniques
based on PCR variations 1011,

With advances in the study of techniques based
on gene seguencing, new known strategies
have emerged as new generation sequencing
[NGS] 12, enabling the development of whole-
genome sequencing [WGS]. The WGS has

recently become a highly accessible tool for
bacterial genotyping. The analysis of the total
bacterial genome not only provides information
on bacterial typing and evolutionary strains but
also  revolutionized our approach to
understanding antimicrobial resistance and
outbreak investigations %3,

Recently, new technologies based on protein
profiles have also been developed, such as the
Matrix-assisted Laser Desorption/ionization-
time-of-flight Mass Spectrometry [MALDI-TOF
MS], which has been used as a simple, reliable,
and fast technique 141516, Several studies have
demonstrated the effectiveness of this technique
in the identification and characterization of
microorganisms of clinical origin 14 17. 18l Given
this context, the present study aims to conduct a
literature review on the main techniques for
identifying pathogenic microorganisms and their
technological advances.

METHODS

The present study is a systematic review of the
advances in techniques for identifying
pathogenic microorganisms. Given this theme,
there made a search for free journals available
online in the databases of Pubmed [National
Library of Medicine and the National Institutes],
Lilacs [Latin American and Caribbean Literature
in Health Sciences], and Scielo [Scientific
Electronic Library Online], by using the following
Keywords: microorganism identification,
phenotypic methods, molecular techniques, 16S
rRNA gene, MALDI-TOFF.

The criteria for inclusion of journals in the
research were: relevant and related studies;
complete articles published in English,
Portuguese, or Spanish; published from 2010 to
2020. As exclusion criteria, articles that did not
meet the proposed theme or outside the
selected period.

RESULTS

The identification and characterization of
pathogenic microorganisms are extremely
important steps for the accurate diagnosis and
implementation of appropriate antimicrobial
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therapy, particularly in severe infections such as
sepsis 9. Therefore, the used techniques must
present characteristics such as universal
identification capacity, to have a low operating
cost, and present a fast, accurate, and reliable
result.

Currently, bacterial identification techniques are
based on phenotypic characteristics and are
used as the first differentiation between samples

0] These methods include  colony
morphological analysis, Gram  staining,
microscopic ~ examination, and  various

biochemical and physiological tests, whether
manual, automated, or semi-automated [,
Despite being widely used, these conventional
techniques are often limited by their low capacity
to differentiate species and cost, in addition to
being time-consuming and laborious .

With the appearance of Molecular Biology, there
developed several techniques, contributing
significantly to a great advance in the knowledge
of microbial diversity. Among these techniques,
those based on the amplification of DNA
sequences by polymerase chain reaction [PCR]
stand out 2, PCR is a technique that allows the
in vitro amplification of small amounts of DNA or
RNA sequences, obtaining millions of copies of
these specific sequences 23,

Due to its ability to detect infectious agents with
high sensitivity and specificity ?4, without the
need to find viable microorganisms in the
biological sample, PCR has become a valuable
and very reliable diagnostic tool for the diagnosis
and monitoring of diseases. Technological
advances have allowed variations of this
technique to emerge, such as real-time PCR
[RT-PCR]. RT-PCR has some advantages over
the conventional one, such as high sensitivity
and accuracy, and the ability to monitor DNA
amplification in real-time, without the need for
other post-PCR techniques 291,

Another molecular technique widely used is the
comparative analysis of nucleotide sequences of
the 16S rRNA gene, which has been considered
as the “gold standard” for bacterial identification,
and taxonomic and phylogenetic studies €.

These genes related to ribosomal RNAs are
used for phylogenetic determinations, as they
have all the characteristics that define a
molecular marker, such as a] they are
universally distributed and have the same
function in all organisms; b] they originated from
common ancestral genes, so they are
homologous; c] have very conserved regions
and other more variable ones, where the rate of
nucleotide variation can be statistically
correlated with the distance between genera and
species 7. The advantage of using this
technique is the availability of a large number of
sequences of this gene deposited in databases
such as Gen-Bank, RDP, EMBL, enabling the
comparison of new sequences obtained with the
sequences present in these bases, facilitating
correct microbial identification 28],

Still, on the analysis of nucleic acid sequences,
it is worth emphasizing its importance for the
differential diagnosis, for the study of the genetic
relationships between bacterial isolates, and
also for the detection of genetic mutations
related to antimicrobial resistance. The
extensive use of this method in clinical
microbiology has also  stimulated its
improvement, such as the development of new
generation sequencing [NGS] 12, The NGS
allows the sequencing of the total genome of
several pathogens at once, either from bacterial
isolates from different patients or several
species present in an individual's materials
[metagenomics] 12,

Recently, new technologies based on protein
profiles of microorganisms have been
developed, such as Matrix-assisted Laser
Desorption/ionization-time-of-flight Mass
Spectrometry [MALDI-TOF MS], which has been
used as a simple, reliable, and fast technique >
161 This technique bases on the analysis of a
fingerprint of ribosomal proteins and other basic
proteins that are specific to each microbial
species 1?9,

The use of MALDI-TOF is considered a
revolutionary technique in the identification of
microorganisms. Among its several advantages,
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the use of intact cells of microorganisms that can
be obtained directly from the culture medium,
cost-benefit [$US 2 /sample], short processing
and analysis time, and high yield [biological
material consumption value is insignificant]
stand out B9, Its effective application requires
the use of commercial databases, in addition to
specific software for comparing protein spectra.
There developed several commercial platforms
for these analyzes. However, they are aimed at
microorganisms of clinical interest 31,

Several studies have demonstrated the
efficiency and high reproducibility of this method.
However, most are directed to microorganisms
of clinical interest, such as Escherichia coli and
other members of the Enterobacteriacea family
(321 Staphylococcus aureus ¥ e Streptococcus
pneumoniae B4, Literature data report that the
percentages of bacterial genera correctly
identified by this technique can be 97-99% and
at species level 85-97%. It was also verified its
application directly in blood samples for the rapid
identification of pathogens, leading to a
reduction in response time, and consequently,
bringing benefits to patients [35 361

CONCLUSION
The present study provides an overview of the
main techniques used to identify

microorganisms of clinical origin. From the data
obtained by this research, it can be concluded
that the development of new technologies that
allow rapid, sensitive, reproducible, and low-cost
microbial identification is of great relevance for
clinical microbiology, and consequently, for
public health. Conventional techniques, despite
their limitations, are still widely used in clinical
laboratories. However, news technologies are
being developed and increasingly inserted into
the laboratory routine for the diagnosis of
infectious diseases.
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