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Abstract

Modern methods of molecular diagnostics currently used make it possible to
successfully study the oral microbiome, quickly detect periodontal pathogens
present in diagnostic biomaterial, even in small quantities, and identify clinically
significant uncultivated and difficult-to-cultivate types of microorganisms.
Considering the above, today a combination of different methods for each specific
case is the most optimal.
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Due to all the above advantages, in the modern world, the PCR method is
considered the gold standard for identifying etiological factors involved in the
progression of periodontal diseases [31, 32]. Isothermal loop amplification (LAMP).
LAMP is a common method for quick and sensitive diagnosis. This method can
also be considered the most promising for analysis in conditions where time and
resources are limited, which is ideal for determining the microbiota of periodontal
pockets and determining effective treatment in dental clinics. LAMP uses DNA
polymerases characterized by chain-displacing activity and 4-6 primers to provide
a more specific reaction[3].

Eventually, as a result, specific structures are formed from repeated inverted
sequences of the original target DNA, linked together by loops of single-stranded
DNA. The LAMP method effectively increases the amount of DNA by 109-1010
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times in 15-60 minutes, thanks to the use of DNA polymerases with chain-
displacing activity, which ensures high amplification efficiency. In addition, the
LAMP method can be used for RNA amplification if reverse transcriptase is added
to the reaction mixture[5].

The LAMP method on a microchip takes from 15 minutes to an hour, which is
less than is usually required for PCR. Microsystems for both methods are sensitive
and specific, but LAMP is preferable due to the isothermal reaction mode, which
makes it simpler and more accessible. In addition, the variety of visual detection
methods for LAMP products allows you to choose options that do not require the
use of special equipment to detect positive and negative results. These systems are
often used for preliminary testing or rapid monitoring. If quantitative LAMP
analysis is required, standard dilutions or internal controls are required[1,6].

However, the complexity of multiplex analysis is a limitation of the LAMP
method, but due to the immobilization of primers in the microstructures of the
chip, amplification and detection of different DNA fragments simultaneously in
different chambers can be carried out using the same intercalating dye [33].
Currently, various commercial kits exist for the identification of Escherichia coli
and Listeria monocytogenes by the LAMP method [34]. This method is also used to
identify DNA viruses such as human herpes simplex virus (HSV), adenoviruses
and others, to detect parasites, such as toxoplasma. It is interesting to use this
method for the destruction of genetically modified products by combining LAMP
with immunochromatography [8].

The advantages of loop isothermal amplification include the ability to identify
individual bacterial strains (from DNA or from whole cells) in a highly specific and
rapid way through visual interpretation of the results. All this makes it possible to
use the LAMP method in dental clinics to simplify and speed up the diagnosis of
periodontal diseases. Sequencing of the 165 rRNA gene. Sequencing of the
conserved 165 rRNA gene is another method of molecular diagnosis of
periodontitis. There are unique differences between the sequences of this gene in
different bacteria, which make it possible to identify the analyzed bacteria to a
genus or even to a species [3].

Sequencing at the initial stages is carried out using PCR with primers matched
to the 16S rRNA gene. The PCR product is then sequenced and the resulting
sequences are compared with databases of known bacterial species [22]. The first
global database containing information about oral microorganisms was the HOMD
(Human Oral Microbiome Database). It contains data on almost 700 species of
bacteria living in the human oral cavity. About 49% of them have an official name,
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17% have no names, and 34% are considered uncultivated phylotypes, i.e.
taxonomic units of various ranks: strains, species, genera (www. homd.org ).

HOMD tools allow you to compare the sequence of analyzed bacteria with the
phenotypic, phylogenetic and clinical information available in the database. It is
assumed that if the sequence of the 165 rRNA gene coincides by at least 97% with
the known sequence from the database, then the studied bacteria can be attributed
to the genus, and if the coincidence is 99%, then it can be attributed to a specific
species [23]. Another advantage of 165 rRNA sequencing is the selection of highly
specific primers for certain groups or strains of bacteria and the possibility of their
amplification from material samples. This makes it possible to diagnose infections
caused by uncultivated bacteria[5,8].

The disadvantage of this method is its low efficiency in separating closely
related and highly recombined species, for example, species from the genus
Neisseria and some species of the genus Streptococcus. Despite this, sequencing of
the 165 rRNA gene has revealed more than 300 bacterial species that had not
previously been identified by standard cultivation methods [3]. The frequency of A.
actinomycetemcomitans, P. gingivalis, T. forsythia, and T. denticola was
determined using 16S rRNA sequencing [5].

Bacteria that cause periodontitis have been found in other parts of the human
body, where these bacteria can be found in focal infections [36]. The method of
sequencing the 165 rRNA encoding gene can also be useful in the diagnosis of
endoparodontal infections, as it determines the bacterial composition in the lesion
and allows determining the source of infection [7].

Thanks to sequencing, it is possible to study the composition of the entire oral
microbiome with the determination of changes under the influence of various
factors. For example, to compare and study the microbiome of the subgingival
plaque of smokers and non-smokers associated with inflammation around dental
implants [8].

Next Generation sequencing (NGS). In recent years, there has been a
significant development in DNA sequencing technologies. Mass parallel or deep
sequencing are terms referring to the DNA sequencing technology that has
revolutionized genomic research. Using NGS, the entire human genome can be
sequenced in one day. Next-generation sequencing has found applications in
identifying and understanding the biodiversity of viral genomes, including
influenza, HIV, and viral hepatitis B [9].

This method was used to evaluate changes in the composition of the
subgingival microbiome in patients with periodontitis after treatment, and was also
compared with the microbiome of periodontal pockets in smokers and non-
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smokers [4]. NGS sequencing is an excellent tool for studying the diversity of
biofilms found in the human oral cavity [8].

This method is successfully used in the molecular diagnosis of periodontal
inflammation, but standardization of the method is required [12]. Microchips using
the hybridization method. Microarrays using the hybridization method are used to
identify microorganisms and determine gene expression. They consist of single-
stranded probes bonded covalently to the glass or nylon surfaces of the
microcircuit. Probes in the form of single-stranded DNA fragments with a known
sequence, PCR products or oligonucleotides are used to detect specific fragments of
nucleic acids. The probes are designed for hybridization with specific RNA or DNA
sequences from a test sample of biological material[3].

The sequence of probes is most often selected from the GeneBank or UniGene
databases [5].

All commercially available microchip kits have a single mechanism of action.
After applying the sample to the surface of the chip, the desired single-stranded
fragment of nucleic acid is hybridized with a complementary probe. Double-
stranded fragments are formed, which are detected by fluorescent,
chemiluminescent or mass spectrometric methods. The intensity of the signal
received from the analyzed sample makes it possible to determine the amount of
bound nucleic acid, and thus estimate the number of microorganisms or the level of
gene expression in the tested material [5]. In this way, it is possible to identify
agents related to the virulence of microorganisms, for example, antibiotic resistance
genes. DNA microarrays have unlimited capabilities for detecting different DNA
sequences. They can contain from hundreds to thousands of probes on their
surface, and high-density microchips contain from thousands to millions of
molecular probes [8].

Commercial DNA chips identify biofilm microorganisms in periodontitis. The
microchip for clinical periodontal diagnostics ParoCheck® allows detecting 10
types of associated bacteria with periodontitis [4].

Conclusion. Thus, biofilms in the oral cavity represent complex interactions
between communities of microorganisms, and their composition is of great
importance for the course of periodontal diseases, which indicates the need for the
most sensitive, specific, and rapid diagnostic methods. Modern methods of
molecular diagnostics currently used make it possible to successfully study the oral
microbiome, quickly detect periodontal pathogens present in diagnostic
biomaterial, even in small quantities, and identify clinically significant uncultivated
and difficult-to-cultivate types of microorganisms. Considering the above, today a
combination of different methods for each specific case is the most optimal. This
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approach in the etiological diagnosis of periodontitis patients makes it possible to
successfully select the most effective treatment methods, but additional research is
needed to improve, standardize and reduce the cost of the described methods.

REFERENCES:

1. Shi B., Chang M., Martin J., Mitreva M., Lux R., Klokkevold P., Sodergren E.,
Weinstock G.M., Haake SXK. Li H. Dynamic changes in the subgingival
microbiome and their potential for diagnosis and prognosis of periodontitis. mBio.
2015; 6(1):e01926-14. DOI: 10.1128 / mBio.01926-14.

2. Korzh V. I, Korzh D. V., Artemenko M. V. Orthopedic treatment in the
systemic concept of periodontitis. Topical issues of dentistry: A collection of
scientific papers dedicated to the founder of the Department of Orthopedic
Dentistry at KSMU, Professor Isaac Mikhailovich Oxman. Kazan: Kazan State
Medical University; 2021: 620-4.

3. Lamont R.J.,, Koo H., Hajishengallis G. The Oral Microbiota: Dynamic
Communities and Host Interactions. Nat. Rev. Microbiol. 2018; 16:745-59.

4. Tsarev V.N., Arutyunov S.D., Balmasova L.P., Babaev E.A., Nikolaeva E.N.,
Ippolitov E.V., Ilyina E.N., Gabibov A.G. Molecular diagnostics of periodontitis and
metagenomic analysis of periodontal microbiota in patients with type II diabetes
mellitus. Bacteriology. 2018; 3(2): 30-7. DOI: 10.20953 /2500-1027- 2018-2-30-37.

5. Chapple I.L.C., Genco R. Diabetes and Periodontal Diseases: Consensus
Report of the Joint EF’/ AAPWorkshop on Periodontitis and Systemic Diseases. ].
Periodontol. 2013; 84: 106-12.

6. Zhang Y., He J., He B., Huang R., Li M. Effect of Tobacco on Periodontal
Disease and Oral Cancer. Tob.Induc.Dis. 2019; 17. DOI: 10.18332/tid /1061878.

7. Fan J., Caton J.G. Occlusal Trauma and Excessive Occlusal Forces: Narrative
Review, Case Definitions, and Diagnostic Considerations: Occlusal Trauma and
Excessive Occlusal Forces. J. Periodontol. 2018; 89: 214-22.

8. Lenkowski M., Nijakowski K., Kaczmarek M., Surdacka A. The Loop-
Mediated Isothermal Amplification Technique in Periodontal Diagnostics: A
Systematic Review. J. Clin. Med. 2021; 10: 1189. DOI: 10.3390/jcm10061189.

9. Wolt D.L.,, Lamster I.B. Contemporary Concepts in the Diagnosis of
Periodontal Disease. Dental Clinics. 2011; 55: 47-61.

10. Chen C., Hemme C., Beleno J., Shi Z.J., Ning D., Qin Y., Tu Q., Jorgensen
M., He Z., Wu L. et al. Oral Microbiota of Periodontal Health and Disease and Their
Changes after Nonsurgical Periodontal Therapy. ISME ]. 2018; 12: 1210-24.

105



U SA @ AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR
sciamme ouas Rty Volume-3| Issue-8| 2025 Published: |30-09-2025|

11. Deo P.N., Deshmukh R. Oral Microbiome: Unveiling the Fundamentals. J.
Oral Maxillofac. Pathol. JOMFP. 2019; 23: 122-8.

12. Socransky S.S., Haffajee A.D., Cugini M.A., Smith C., Kent R.L. Microbial
Complexes in Subgingival Plaque. J. Clin. Periodontol. 1998; 25: 134-44.

13. Aruni, A.W., Dou, Y., Mishra, A., Fletcher H.M. The Biofilm Community:
Rebels with a Cause. Curr. Oral Health Rep. 2015; 2: 48-56.

14. Norskov-Lauritsen N., Claesson R., Birkeholm J.A., Aberg C.H., Haubek D.
Aggregatibacter Actinomycetemcomitans: Clinical Significance of a Pathobiont
Subjected to Ample Changes in Classification and Nomenclature. Pathogens. 2019;
8:243.

15. Dahlen G., Basic A., Bylund J. Importance of Virulence Factors for the
Persistence of Oral Bacteria in the Inflamed Gingival Crevice and in the
Pathogenesis of Periodontal Disease. ]J. Clin. Med. 2019; 8: 1339.

106



