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Abstract. The development of new and optimisation of known cultural and molecular genetic methods for accurate
species identification of microorganisms is an urgent and practically necessary task that is receiving great attention
from researchers. The purpose of this study was to analyse and systematise theoretical scientific data on methods of
microbial identification and assess their main advantages and disadvantages. For this purpose, a systematic review of
53 randomised research papers published between 2018 and 2023 was conducted. The search for publications using the
keywords “microbiome”, “microbiological diagnostics”, “identification of microorganisms”, “sequencing”, and “omics
technologies” in the title or text of the research paper was carried out in Web of Science, Scopus, PubMed, and Google
Scholar. The study provides generalised information on traditional and modern methods of microbial identification. It
is established that the advantages of traditional diagnostic methods include the possibility of preserving the obtained
microorganisms for further research, in particular, for determining their antibiotic sensitivity. Modern molecular
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genetic methods open up new possibilities for the accurate identification of microorganisms, including those that are
difficult to incubate using traditional cultural methods. The use of these methods allows obtaining detailed data on the
genetic structure and diversity of microorganisms, which is important in many fields, including microbiology, medicine,
and ecology. However, molecular methods are more sensitive to contamination or errors in the sample collection
and processing. Moreover, omics technologies (genomics, transcriptomics, proteomics, and metabolomics) open up
new opportunities for studying cells at more complex levels of life organisation. In everyday clinical practice, the
microbiological method of isolating microbial cultures remains the main one, as it is the only one that allows determining
not only the cause of the infection but also the antibiotic sensitivity. However, cultural methods for studying fastidious
microorganisms are quite limited. Thus, the results obtained contribute to the development of fast and accurate
methods for identifying, classifying, and systematising microorganisms, which facilitates the processes of diagnosis and
development of strategies for the control and treatment of infectious diseases in laboratories and clinical institutions
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INTRODUCTION

Microorganisms can affect a person’s life both positively
and negatively. People have learned to use microorganisms
in various areas of their lives. They are closely related to
medicine, biotechnology, nutrition, genetic engineering,
etc. As noted by Y. Gao et al. [1], the ability of bacteria and
various types of fungi to produce antimicrobial substances
makes them potentially useful in drug production. From
the earliest childhood, the human body is also inhabited by
a diverse community of microorganisms, which consists of
bacteria, fungi, viruses, archaea, and is called the microbi-
ome [2]. The human microbiome is a collection of microbi-
ocenoses that colonise all surfaces of the human body, in-
cluding the skin, respiratory system, gastrointestinal tract,
and genitourinary system. These microorganisms perform
a number of functions necessary for maintaining the ho-
meostasis of the human body [3].

However, certain genetic features of bacteria make
them dangerous to human health [4]. Antimicrobial re-
sistance, which develops as a result of uncontrolled use
of antibiotics, excessive use in animal husbandry and the
food industry, poor infection control in hospitals and clin-
ics, and lack of hygiene [5], are recognised as serious in-
ternational problems. This problem makes it impossible to
successfully treat many common bacterial infections and
causes a growing number of deaths. A. Salmanov et al. [6]
suggested possible ways to develop a multidisciplinary ap-
proach based on the principles of the “unified health” con-
cept to solve problems related to antibiotic resistance.

Effective treatment becomes difficult without labo-
ratory diagnostics, as the lack of diagnostic tests makes
it difficult to establish any diagnosis. It is the qualitative
diagnosis that determines the correct decisions of the
doctor regarding the treatment methods used, evaluating
their effectiveness, and in many cases preventing the oc-
currence of the disease due to the detection of pathology
at an early stage of development [7]. Rapid identification
of microorganisms plays a key role in the fight against
infections. This helps to accurately identify the types of
microorganisms that cause diseases and determine their
sensitivity to antimicrobials. However, without rapid and
accurate identification of infectious agents, complications
associated with the wrong choice of antibiotic therapy for
the patient may occur.

The range of diagnostic approaches used in microbiol-
ogy is extremely wide and ranges from traditional to molec-
ular genetic methods. Each method has its own strengths

and weaknesses. Microbiological methods remain funda-
mental for diagnosing various types of infections in many
laboratories. However, the limitations of these methods
are the long time to obtain results, the possibility of ob-
taining false-negative results due to the use of antibiotics,
and limited sensitivity to the detection of fastidious mi-
croorganisms [8]. Molecular methods are more accurate
and specific for rapid diagnosis of aetiological pathogens
of infections. M. Shevchenko et al. [9] showed the effective-
ness of an optimised polymerase chain reaction protocol
for identifying Staphylococcus spp bacteria, including the
stage of detection in agarose gel and testing on clinical
isolates from dogs. R. Symonenko [10] concluded that the
use of modern methods of molecular diagnostics in perio-
dontal tissue diseases allows quickly detecting periodon-
topathogens even in small quantities and identifying clin-
ically significant types of microorganisms. In addition, this
diagnostic method provides effective screening of perio-
dontal tissue diseases. The study by I. Trubka et al. [11] an-
alysed the microbiome of periodontal pockets of patients
with rapidly progressive aggressive periodontitis using a
molecular genetic method (Multident-5 test system). This
approach identified the deoxyribonucleic acid (DNA) of the
most clinically significant periodontopathogens in a single
biological sample, providing a qualitative and quantitative
assessment of the results. However, it is worth noting that
although molecular methods open up new opportunities
in microbiological diagnostics, their application in many
countries with limited resources is quite difficult due to the
high cost of this method.

In order to obtain the most accurate identification,
classification, and taxonomy of microorganisms, it is ex-
tremely important to choose the appropriate methods
and to have a thorough understanding of the mechanisms
of their mechanisms of action. V. Motronenko & T. Vla-
siuk [12] emphasised the importance of correctly inter-
preting the results obtained using culture and molecular
methods in the context of accurate and rapid diagnosis of
resistant forms of tuberculosis, and for ensuring effective
treatment and care of patients. Microorganisms play a key
role both for the benefit and harm of humans, and their
identification is of great importance for modern medicine
and biotechnology. Therefore, the purpose of the study was
to analyse and systematise theoretical scientific data on
methods for identifying microorganisms and evaluating
their main advantages and disadvantages.
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For this purpose, a systematic review of 53 randomised
research papers published between 2018 and 2023 was
carried out. The criteria for inclusion in the study includ-
ed scientific publications in Ukrainian and English. The
process of selecting publications included the stages of
screening and quality assessment, where each paper was
carefully analysed with regard to its scientific content and
methodological aspects. Using electronic databases such
as Web of Science, Scopus, PubMed, and Google Scholar,
the authors searched for publications using the keywords
“microbiome”, “microbiological diagnostics”, “microbial
identification”, “sequencing”, and “omics technologies” in
the title or text of the paper. It is important to note that
the included papers were analysed according to various
criteria, such as the year of publication and the main re-
sults. This approach helps to systematically summarise the
literature data and provides a deeper look at the selected
publications for the study.

TRADITIONAL METHODS

OF MICROBIAL IDENTIFICATION

Most methods of isolation and identification of micro-
organisms remain unchanged and are based on the use
of specific nutrient media that allow studying their vari-
ous properties. Microorganisms differ in their needs, and
therefore, there is no single environment or set of condi-
tions that would ensure the growth of all species.

Conventionally, Nutrient agar, a universal medium, is
used for the cultivation of microorganisms. By their com-
position, such nutrient media are designed for the culti-
vation of a wide range of microorganisms. Preparation of
blood agar (BA) by adding 5% sheep blood to Nutrient agar
expands the possibilities for studying and culturing those
microorganisms that may require specific components or
conditions for growth [13]. Thus, by the nature of haemol-
ysis on BA, primary identification of streptococci is carried
out. To identify certain infectious agents, it is important to
use more specific nutrient media. For example, differential
diagnostic nutrient media allow determining differences
in the metabolic activity of microorganisms using systems
of biochemical indicators. Nutrient media are also divid-
ed into selective ones, which are characterised by selective
growth of a certain type of microorganism due to the addi-
tion of antibiotics to the nutrient medium. Metronidazole
is often added to the nutrient medium for selective isola-
tion of anaerobic microorganisms.

Chromogenic media are widely used in microbiological
practice to identify specific types of microorganisms. The
fluorogenic substrates present in these media are hydro-
lysed under the influence of specific enzymes produced by
each type of microorganism. Hydrolysis of the fluorogenic
substrate can lead to a change in the colour of the medium,
whichallowsrapidand efficientidentification of species[14].

After isolation of a pure culture, the phenotypic prop-
erties of the microorganism under study are determined for
further identification. One of the main tests is the Gram
stain method, which distinguishes between gram-positive
and gram-negative microorganisms. The basic biochemi-
cal tests in clinical microbiology are the determination of
catalase, oxidase, indole H,S, etc. Most modern biochemi-
cal test kits include a combination of a wide range of bio-
chemical determinations that are combined in a single test

panel. This facilitates and speeds up the microbial identifi-
cation process, providing faster and more accurate results.

Although traditional methods are available and pro-
vide information on the diversity of microorganisms in
the sample, both quantitatively and qualitatively, the time
required for identification based on traditional methods is
estimated at a minimum of 2 to 5 days [15]. In addition,
traditional methods do not provide an opportunity to iden-
tify uncultivated microorganisms. However, the advantag-
es of this method are the ability to preserve the resulting
microorganisms and test their sensitivity to antibiotics for
effective treatment of the patient.

Immunological methods. Such immunological diagnos-
tic methods in microbiology as agglutination, serology,
immunoblotting, enzyme-linked immunosorbent assay
(ELISA), etc., are worthy of attention. The basic principle
of immunological methods is to investigate the interaction
between an antibody and an antigen. These methods help
in the identification of various microorganisms [16], but
their use is accompanied by a number of limitations and
disadvantages. Despite the high specificity of the analy-
sis, this can lead to incorrect results or underestimate the
presence of a pathogen. Some immunological methods are
expensive, which can be a limiting factor for many labora-
tories due to the use of expensive equipment and reagents.
In addition, the presence of chronic or immunodeficiency
conditions can affect the accuracy and reliability of this
method [17]. The unfavourable aspects of these methods
do not reduce their importance as tools for studying and
diagnosing microorganisms. Properly used immunological
methods remain key in determining the immune response
and identifying pathogens.

Mass spectrometry. Improvements in the identification
of microorganisms have arisen from the need to reduce the
time, cost, and simplify the procedures required to accu-
rately identify these microorganisms. Therefore, the rap-
id development of mass spectrometry (MS) has led to its
widespread use in microbiology [18]. The high speed, re-
duced cost, and ease of use of MS greatly facilitated and
accelerated the identification of microorganisms compared
to traditional cultural methods. The main principle of MS
is the analysis of ions based on their mass-to-charge ra-
tio (m/c), which allows studying the molecular structure,
mass, and concentration of substances in various types
of samples [19]. The combination of MS with gas or liquid
chromatography significantly expanded the possibilities of
this powerful method [20]. This has contributed to a better
understanding of biological systems, allowing the analysis
of a wide range of biomolecules.

The basic principle of gas chromatography mass spec-
trometry (GC-MS) is that first, using gas chromatography,
the substances of the test sample are separated according
to their properties. Next, the separated components are
analysed in a mass spectrometer, where individual com-
ponents are identified by their chemical properties [19].
This method is usually applied to identify microorganisms
based on their lipid structures. Thus, S.P. Putri et al. [21]
investigated 11 undetectable pathogenic Corynebacteria
using GC-MS based on mycolic acid analysis. The effec-
tiveness of the GC-MS method has also been demonstrated
on yeast-like fungi [22]. The liquid chromatography mass
spectrometry (LC-MS) method is based on the separation
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of substances in a sample using the liquid phase and the
analysis of the mass and charge of ions in a mass spectrom-
eter. At this stage, individual components are identified by
their mass and chemical properties [20].

Matrix-assisted laser desorption ionisation time-of-
flight mass spectrometry (MALDI-TOF MS) is an advanced
tool for the rapid and accurate identification and classi-
fication of bacteria [23], fungi [24], and viruses [25]. The
principle of MALDI-TOF MS is to ionise microorganisms
using laser radiation, which leads to the formation of ions.
These ions are accelerated in a vacuum system by an elec-
tric field and move towards the mass spectrometer detec-
tor in a certain way. The detector registers their mass, and
the obtained data are used to identify microorganisms [26].
Among other applications, MALDI-TOF MS is also used to
identify various metabolites. For example, the study by
J. Doellinger et al. [27], using MALDI-TOF MS, investigat-
ed enterotoxins produced by pathogenic strains of Bacil-
lus cereus. MALDI-TOF MS is also used to quickly detect
antibiotic resistance genes in bacteria [28], which allows
improving treatment strategies for infections, especially
those caused by polyresistant strains of microorganisms.

Bacterial identification using MALDI-TOF MS mainly
focuses on improving methods for isolating and cleaning
pathogens from clinical samples, expanding spectral li-
braries and updating software. With the development of
technology, many MALDI-TOF MS-based microbial iden-
tification databases and systems have been licensed and
put into clinical use. However, there is a need to further
improve the antimicrobial resistance analysis based on
MALDI-TOF MS to provide comprehensive clinical micro-
biological characterisation [29]. The application of MAL-
DI-TOF MS for the analysis of small molecules is usually
limited by the choice of a suitable matrix. Matrices used for
large-molecule analysis are often not suitable for analys-
ing low-molecular-weight compounds (m/c <1,000 Da) due
to matrix background noise, ion suppression, and uneven
crystallisation by traditional organic matrices.

MOLECULAR GENETIC METHODS

FOR IDENTIFYING MICROORGANISMS

With the development of molecular biology, the possi-
bilities for identifying microorganisms have significant-
ly expanded. Many microbiological laboratories still use
phenotypic and biochemical methods to identify microor-
ganisms. However, the high specificity of molecular meth-
ods helps to accurately and quickly identify various culti-
vated and uncultivated species of microorganisms in any
samples without the need to grow them on nutrient media
in laboratories. Notably, the significant development of
molecular methods helped to launch a large-scale study of
the microbiome and its impact on human health in 2007,
called the Human Microbiome project [30].

The polymerase chain reaction (PCR) method has be-
come the gold standard in microbiological laboratories,
which is used to identify microorganisms. The standard
PCR method is based on the identification of bacterial DNA
by increasing certain fragments of nucleic acids, that is,
their amplification, followed by sequencing and comparing
them with databases [31]. Due to the wide variety of mi-
croorganisms in biological samples, their identification by
cultural methods becomes difficult due to the inability to

isolate and identify uncultivated forms. PCR-based meth-
ods not only provide rapid identification, but also help
identify microorganisms that are difficult to isolate in the
laboratory [32]. However, despite its effectiveness, the PCR
method has a number of disadvantages. The specificity of
the search is that information can be obtained only about
those microorganisms for which specific primers are used.
PCR does not provide information about the viability of
microorganisms, as it uses DNA or ribonucleic acid (RNA),
which may be important in some cases. The lack of the
possibility of preserving and further using microorganisms
limits its use in some studies. In addition, it is worth noting
that the method does not provide information about the
sensitivity of microorganisms to antibiotics, which is an
important aspect in clinical studies.

DNA microarray. The use of DNA microarrays allows
simultaneously identifying and sequencing hundreds or
thousands of genes in a single study. A DNA microarray is
a DNA probe attached to a microplate. The operation of a
DNA microarray is based on the phenomenon of hybridisa-
tion, during which labelled samples are analysed with flu-
orescent probes [33]. Unlike other molecular genetic meth-
ods, DNA microarrays have a larger coverage area and faster
results. M.A. Campanero-Rhodes et al. [34] demonstrated
the successful use of microarrays to detect type-specific
immunoglobulin G (IgG) antibodies against Streptococcus
pneumoniae capsule polysaccharide in serum (CPS). The
results showed the potential of microarrays for simultane-
ous analysis of the interaction of multiple CPS using small
volumes of serum, which can be useful for studying lim-
ited volumes of serum samples. In addition, according to
Hu. Arengaowa at al. [35], the DNA microarray method has
been successfully used in the food industry to detect food
pathogens. Despite the successful use of the DNA microar-
ray method, it has its drawbacks, which are expensive and
the need for high-quality DNA samples. Contamination or
poor sample quality can lead to erroneous results, which
complicates the research process.

16S rRNA sequencing is one of the most sensitive
methods for detecting microorganisms, which is widely
used in clinical settings. It is based on the detection of the
16S rRNA gene, which is specific for each type of microor-
ganism [36]. This method provides accurate identification
of genera and species of microorganisms that do not meet
any recognised biochemical profiles. A. Szymczak et al. [37]
compared histological method, PCR, and 16S rRNA gene
sequencing for identification of Helicobacter pylori. Using
gastric antral biopsy, the researchers showed that 16S rRNA
gene sequencing is the most sensitive method for detecting
H. pylori. However, there are certain problems that can be
encountered when using this method. One of them is that
there are variations in the 16S rRNA gene among strains of
the same species [38], which may affect the estimation of
the abundance of these microorganisms.

Next-generation sequencing (NGS). Continuous im-
provement of DNA sequencing technology has significantly
improved the capabilities of molecular genetic diagnostic
methods. The main idea of using NGS is parallel sequencing
of many fragments of DNA or RNA, which allows obtaining
significant amounts of genetic information in a short peri-
od of time [39]. W. Gu et al. [40] developed a next-genera-
tion metagenomic sequencing test (mNGS) using cell-free
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DNA from body fluids to identify pathogens. The results
showed that rapid mNGS testing is an effective tool for
diagnosing unknown infections. However, NGS research
requires expensive equipment, timely and sustainable
maintenance, and training of technical specialists, which
can be a problem even for middle-income countries [41].
Whole-genome sequencing (WGS) is the most accurate
method for identifying microorganisms and is an important
tool in microbiology [42]. This method expands the possi-
bilities for analysing genes associated with antibiotic resist-
ance [43], identifying their pathogenicity [44], and other key
aspects, making an important contribution to understand-
ing microbial ecology. Despite these advantages, the meth-
od has its drawbacks. It is considered the most expensive
and time-consuming; it does not provide information about
the viability of microorganisms, since it is based on DNA/
RNA analysis. In addition, it provides only a correlation of
microorganisms, and identification problems are associat-
ed with the lack of complete databases of genetic material.
Despite determining the microbial composition of an
individual, it is important to understand the functions that
bacteria perform in this community, their relationships,
and their impact on the host [45]. The rapid development of
molecular biology and information technology methods has
contributed to the use of various omics technologies, such
as genomics, transcriptomics, proteomics, and metabolo-
mics [46]. Omics technologies open up new opportunities
for cell research at more complex levels of life organisation.
Genomics is a set of methods that are based on the in-
vestigation of the structure and functions of the genome of
the studied objects [47], whereas transcriptomics methods
focus on studying the transcriptome of an organism, that is,
the sum of all its RNA transcripts [48]. Genomics and tran-
scriptomics are two related but different areas of research
that help uncover and understand genetic information and
gene activity in the body. Proteomics examines the struc-
ture and function of all proteins in the body [49]. It helps
to uncover the role of proteins in signalling interaction, vi-
tal activity, and detection of diseases such as Alzheimer’s
disease [50]. Metabolomics represents the latest branch of
omics technology and is extremely promising for medicine.
The main task of metabolomics is to identify and quantify a
wide range of metabolites [51]. Detection of specific meta-
bolic changes can serve as an indicator of the development
of various diseases, in particular, in diabetes mellitus [52]
or in chronic obstructive pulmonary disease [53].
Investigation of the microbial composition of an or-
ganism is a key to understanding the relationship between
microorganisms and their impact on the host. The use of
omics technologies provides new opportunities for stud-
ying life systems at different levels of their organisation.
The integration of the data obtained with the help of these
technologies helps to solve problems related to various
pathological conditions of humans and the environment.

CONCLUSIONS
The study analysed and systematised the available meth-
ods for identifying microorganisms in clinical diagnostics.
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AHoTauif. Po3po6Ka HOBMX Ta OMITUMIi3allisl BiIOMMX KyJbTYpalIbHUX Ta MOTEKY/ISIPHO-TeHETUYHMX METO/IiB /IS TOUHOL
BUIOBOI ifeHTHdikanii MikpoopraHiamiB € akTyaJbHUM i MPakKTUIHO HEOOXiZHMM 3aBIaHHSIM, SIKOMY MPUIIISETHCS
BeJMKa yBara ZOCIiTHUKIB. MeToI0 naHoi po60oTu 6y/10 MpOBefeHHS aHasi3y, CUCTeMAaTU3Aallisl TEOPEeTUUHMUX HAYKOBUX
JaHuX II0J0 MeToHiB imeHTuikalii MikpoopraHisMiB Ta OIliHKa IXHiX OCHOBHMX IlepeBar i HemosikiB. [IJIs 1[bOTO
6ys10 37i/iICHEHO CUCTEeMAaTUYHWI OIS PAaHAOMi30BaHMX 53 HAyKOBUX po6iT, omy6ikoBaHMX B repion 3 2018 mo 2023
poxu. IMomyk my6mikaiiit i3 BUKOPUCTAHHSIM KIIOUOBMX TEePMiHIB «MiKpo6ioM», «MiKpo6iomoTiyHa IiarHOCTUKA»,
«imeHTHdiKaIlisT MiKpOOPTaHi3MiB», «CEKBEHYBAHHSI» Ta «OMiKC-TeXHOJIOTii» Y Ha3Bi UM TEKCTi HAYKOBO-A0CIi JHUIbKOT
pobotu 3xiiicHioBanu B cuctemax Web of Science, Scopus, PubMed Ta Google Scholar. ¥ craTTi HagaHo y3araabHeHY
iHdopMalriito Mmoo TPaAUIiIMHKUX Ta CyYaCHMX MeTOAIB imeHTHUdiKalii MikpoopraHi3miB. BcraHOBIIE€HO, 1110 10 TepeBar
TPaAUILiAHKX METOZiB AiarHOCTUKY HAJIEXKUTh MOK/IMBICTh 36€peskeHHs OTPMMaHUX MiKpOOPraHi3MiB [JIs1 TOJaIbINNX
IOCTiIKeHb, 30KpeMa /ISl BU3HAUEHHS iX UYTIMBOCTI M0 aHTMOiOoTMKiB. CydyacHi MONEKyISIpHO-TeHEeTUYHi MeTOAu
BiIKPMBAIOTh HOBi MOXK/IMBOCTI 1151 TOUHOI imeHTHdiKalii MikpoopraHi3miB, 30KpeMa TUX, SIKi CKIaJHO KyJbTUBYBaTU
3a [IOMOMOTOI0 TPAAULIMHUX KyJAbTypaJbHMUX METOAiIB. BMKOPUCTaHHS LIMX TEXHIK [O3BOJSIE OTPUMMATHU [eTanabHi
JaHi Ipo reHeTUYHY CTPYKTYPY Ta Pi3HOMAaHITTS MiKpOOPTaHi3MiB, 110 € BRXKIMBUM Yy 6araTbox raay3siX, BKIIOYA0UU
Mikpo6iosiorio, MeIUIIMHY Ta eKOJoTilo. [IpoTe, MOJEKyAsIpHi MeTOAM Oi/bII YyTAUBi A0 3a6PyIHEHb UM MOXMOOK Y
npoieci 36upaHHS Ta 06po6KM 3paskiB. BapTo TakoX BiAMITUTM OmicS-TeXHOJOTiI (reHoMiKa, TPaHCKPUIITOMIKa,
MpoTeoMika Ta mMeTabosoMiKa), SIKi BiAKpMBaIOTh HOBI MOSKIMBOCTI AJISI MOCTIMKeHHS KIITUH Ha OiNbII CKIaTHUX
piBHSIX opraHisarii KUTTS. B MOBCSAKIEHHI KIiHIUHI/ MTpaKTUI[i OCHOBHUM 3aJIUIIAEThCS MiKPOOGioMOriuHMit MeTOog,
BUIJIEHHS MIKPOOHUX KYJIbTYP, OCKIIbKM TibKM BiH [O3BOJSIE BM3HAUUTM He JuIlle NMPUUMHY iHbeKIii, ame ii
YYTIUBICT O aHTUGIOTUKIB. VY TOII 3Ke Yac KyJIbTypaabHi METOIM AOCTIIKEHHSI BUGATIMBUX MiKPOOPTaHi3MiB JOCUTD
obMeskeHi. TaKMM UMHOM, OTPUMAaHi pe3ylIbTaTy CIIPUSIOTh PO3POOIIi MBUAKOI Ta TOUYHOI MeTOAUKM imeHTuUdIKaIlii,
kinacudikanii Ta cucremarusaiii MikpoopraHi3amiB, IO TIOJIETIIYE TPOLECH AiaTHOCTUKYU Ta PO3POOKM CTpaTerTiii
KOHTPOJIIO i TiKyBaHHS iH(DeKIIiiiHMX 3aXBOPIOBaHb Y 1a60PaTOPisX Ta KIiHIYHUX YCTaHOBaX
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