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  Abstract 
Background: : The human oral cavity harbors one of the most diverse microbial communities in the body, with the gingi-
val sulcus representing a specialized ecological niche adjacent to the gingival margin and tooth surface. In health, this sulcus 
supports a complex but balanced microbiota that contributes to immune homeostasis and prevents pathogen overgrowth. 
Traditional culture‑based methods were limited in detecting the full breadth of microbial diversity, often overlooking fastidi-
ous and uncultivable taxa. The advent of 16S rRNA gene sequencing has revolutionized oral microbiome research by ena-
bling high‑resolution, culture‑independent profiling of bacterial communities. This approach has improved our understand-
ing of microbial ecology in the periodontal sulcus, particularly in distinguishing health‑associated taxa from those related to 
periodontal disease. 
Aim: : This article aims to synthesize current evidence from 16S rRNA gene sequencing studies on the composition of the 
gingival sulcus microbiome in clinically healthy individuals, highlighting dominant bacterial taxa and community structure 
associated with health. 
Methods: A review of peer‑reviewed studies was conducted, focusing on 16S rRNA gene sequencing analyses of subgingi-
val plaque or sulcus samples from periodontally healthy subjects. Eligible studies employed next‑generation sequencing plat-
forms (e.g., Illumina MiSeq, 454‑pyrosequencing) and standard bioinformatics pipelines for taxonomic classification against 
reference databases such as HOMD (Human Oral Microbiome Database) and Green genes. Key metrics included alpha 
diversity (richness and evenness), beta diversity (community differences), and relative abundances of taxa at phylum, genus, 
and species levels. 
Results: Across multiple 16S rRNA gene sequencing studies, the gingival sulcus microbiome in healthy individuals is char-
acterized by high diversity and the predominance of several bacterial phyla: 

• Firmicutes, Actinobacteria, Proteobacteria, Bacteroidetes, Fusobacteria, and Spirochaetes are consistently detected as 
dominant phyla in healthy sulcus communities. 

• At the genus level, Streptococcus, Actinomyces, Corynebacterium, Veillonella, Neisseria, Haemophilus, and Capno-
cytophaga are frequently abundant in health, reflecting a community engaged in saccharolytic and homeostatic functions. 

• Health‑associated taxa tend to show higher relative abundance and prevalence compared to disease‑associated patho-
gens such as Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola, which are rare or absent in healthy 
sulci. 

• Alpha diversity measures in healthy subjects are generally higher than in individuals with periodontitis, suggesting that 
microbial richness and evenness may be protective against dysbiosis. 
Beta diversity analyses demonstrate distinct clustering of microbiome profiles between healthy and diseased groups, indicat-
ing that community structure shifts markedly with inflammation and periodontal breakdown. 
Conclusions: Evidence from 16S rRNA gene sequencing studies has significantly advanced our understanding of the gingi-
val sulcus microbiome in health. A diverse and balanced community dominated by specific Firmicutes, Actinobacteria, and 
Proteobacteria taxa appears characteristic of periodontal health. These communities differ markedly from those found in 
periodontal disease, supporting the concept that microbial community composition and diversity contribute to periodontal 
homeostasis. Future research integrating metagenomics, metatranscriptomics, and host immune profiling will further clarify 
microbial functions critical for maintaining gingival health. Continued longitudinal studies are needed to define health‑asso-
ciated microbiome signatures that may inform preventive and therapeutic strategies. (TCM-GMJ August 2026; 11 (3): P22-
P24)  
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  Introduction 
he human gingival sulcus represents a critical 
interface between oral microbial communities T 

and host immune defenses. Recent studies using 16S 
rRNA gene sequencing have enabled comprehensive 
characterization of the sulcus microbiome in health. Fir-
micutes, Actinobacteria, Proteobacteria, Bacteroidetes, 
Fusobacteria, and Spirochaetes dominate healthy sulcus 
microbiomes, with genera such as Streptococcus, Actino-
myces, Corynebacterium, Neisseria, and Veillonella being 
prevalent. High alpha diversity and stable community 
structure distinguish health from periodontal disease. Un-
derstanding these patterns provides a foundation for mi-
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crobiome-based diagnostics and preventive strategies in 
oral health (4). 

The oral cavity harbors one of the most complex micro-
bial ecosystems in the human body, encompassing over 700 
bacterial species. Among oral niches, the gingival sulcus the 
shallow groove between the tooth surface and gingival tis-
sue is of particular interest due to its role in maintaining 
periodontal health. In health, the sulcus microbiome con-
tributes to immune homeostasis, prevents colonization by 
pathogens, and participates in nutrient metabolism (1,2). 

Traditional culture-based studies underestimated microbi-
al diversity due to limitations in cultivating fastidious or 
anaerobic species. The introduction of 16S rRNA gene se-
quencing has transformed oral microbiology by enabling 
culture-independent, high-throughput profiling of microbial 
communities, revealing previously undetected taxa and 
complex inter-species relationships (6,7). This method has 
become the standard for defining microbial signatures asso-
ciated with health and disease. 

Understanding the baseline composition of the gingival 
sulcus microbiome in health is essential for identifying 
shifts associated with periodontal disease, evaluating 
dysbiosis, and informing targeted preventive interventions
(7,10) 

This review synthesizes current evidence from 16S rRNA 
gene sequencing studies describing the microbiome compo-
sition, diversity, and community structure of the healthy 
gingival sulcus, highlighting dominant taxa, diversity met-
rics, and health-associated patterns. 

Methods 
Study Selection 
A literature search was conducted in PubMed, Scopus, 

and Web of Science for studies published between 2005 
and 2025. Eligible studies profiled subgingival or sulcus 
microbiota in clinically healthy individuals using 16S rRNA 
gene sequencing. Inclusion criteria included: human sub-
jects with no clinical signs of periodontitis or gingivitis; use 
of high-throughput sequencing platforms; reporting of al-
pha and beta diversity, and taxonomic composition. Exclu-
sion criteria were studies solely on disease states, non-
human studies, or in vitro models (1,2,4). 

Sample Collection 
Subgingival plaque or sulcus samples were collected using 

sterile curettes or paper points, minimizing contamination 
from saliva or supragingival plaque. Sampling aimed to cap-
ture biofilm communities directly from the sulcus (3). 

DNA Extraction and Sequencing 
Genomic DNA was extracted using kits optimized for 

oral biofilms. The 16S rRNA gene was amplified targeting 
hypervariable regions V1–V3, V3–V4, or V4. Sequencing 
platforms included Illumina MiSeq or 454 pyrosequencing, 
generating hundreds of thousands of reads per sample (2,3). 

Bioinformatic Analysis 
Sequences underwent quality filtering and chimera re-

moval. OTUs or ASVs were identified using QIIME2, DA-
DA2, or mothur and classified against HOMD, 
Greengenes, or SILVA databases. Alpha diversity 
(Shannon, Simpson, Chao1) and beta diversity (UniFrac 
distances, PCoA clustering) were calculated (4,6). 

Statistical Analysis 
Differences in taxonomic abundance were tested using 

non-parametric methods (Kruskal-Wallis), and co-
occurrence analyses examined genus-level correlations. 
Multivariate analyses evaluated clustering by health status 
(3). 

Results and discussion 
Microbial Diversity 
Healthy sulcus microbiomes display high alpha diversi-

ty, reflecting rich and evenly distributed microbial commu-
nities. Beta diversity analyses consistently show clustering 
of healthy microbiomes, distinct from periodontitis-
associated communities. 

Dominant Taxa 
Phylum Level 
Firmicutes, Actinobacteria, Proteobacteria, Bacteroidetes, 

Fusobacteria, and Spirochaetes dominate the healthy sulcus 
(9). 

Genus Level 
Key genera include Streptococcus, Actinomyces, Corynebacte-

rium, Veillonella, Neisseria, Haemophilus, and Capnocytophaga 
(1,3,6,8). 

Species Level 
Health-associated species such as Streptococcus sanguinis, 

Actinomyces naeslundii, and Corynebacterium matruchotii are prev-
alent, while pathogenic species (P. gingivalis, T. forsythia) are 
rare or absent (1,3,13). 

Community Structure 

•Co-occurrence networks indicate positive interactions 
among commensal genera, suggesting mutualistic rela-
tionships that stabilize the biofilm (3,4,11). 

Dysbiotic shifts in disease involve over-representation of 
pathogens and decreased alpha diversity. 

Comparative Observations 

•Longitudinal studies demonstrate temporal stability in 
healthy sulcus microbiota, with minor fluctuations influ-
enced by diet, hygiene, or smoking (2,4,5,12). 

Early colonizers (Streptococcus, Actinomyces) provide attach-
ment for secondary colonizers (Veillonella, Corynebacterium), 
forming structured biofilms (14). 

16S rRNA sequencing has revealed the complex ecology 
of the healthy gingival sulcus: 

High diversity is protective: Rich and even microbial 
communities resist pathogen overgrowth. 

Specific taxa define health: Certain commensals are func-
tionally involved in nutrient metabolism, biofilm structure, 
and immune modulation. 

Community interactions matter: Co-occurrence networks 
highlight cooperative relationships reinforcing homeostasis. 

Clinical relevance: Baseline microbiome definitions ena-
ble early detection of dysbiosis, guiding preventive strate-
gies such as probiotics or targeted oral hygiene interven-
tions. 

Limitations: Variability in sequencing regions, platforms, 
and pipelines can influence detection and abundance esti-
mates. Integration of metagenomics, metatranscriptomics, 
and host immune profiling will enhance functional under-
standing of sulcus microbiota. 

 



 24 

  TCM&GMJ,  August 2026                                                                                                                                                    Gogilashvili et  al .                                                                                                        

References 
1. Abellan-Schneyder I, Matchado MS, Reitmeier S, Sommer A, Sewald Z, 

Baumbach J, et al. Primer, Pipelines, Parameters: Issues in 16S rRNA Gene 
Sequencing. mSphere. 2021 Feb 24;6(1). doi:10.1128/mSphere.01202-20 
PubMed PMID: 33627512. 

2. Aja-Macaya P, Conde-Pérez K, Trigo-Tasende N, Buetas E, Nasser-Ali M, 
Nión P, et al. Nanopore full length 16S rRNA gene sequencing increases 
species resolution in bacterial biomarker discovery. Sci Rep. 2025;15
(1):26486. doi:10.1038/s41598-025-10999-8 

3. Ashton JJ, Beattie RM, Ennis S, Cleary DW. Analysis and Interpretation of 
the Human Microbiome. Inflamm Bowel Dis. 2016 Jul;22(7):1713–22. 
doi:10.1097/MIB.0000000000000809 PubMed PMID: 27243592. 

4. Banerjee S, Schlaeppi K, van der Heijden MGA. Keystone taxa as drivers 
of microbiome structure and functioning. Nat Rev Microbiol. 2018 Sep;16
(9):567–76. doi:10.1038/s41579-018-0024-1 PubMed PMID: 29789680. 

5. Bharti R, Grimm DG. Current challenges and best-practice protocols for 
microbiome analysis. Brief Bioinform. 2021 Jan 18;22(1):178–93. 
doi:10.1093/bib/bbz155 PubMed PMID: 31848574. 

6. G AS, A ML, Vanja KC, F PM. Divergence and Redundancy of 16S rRNA 
Sequences in Genomes with Multiple rrn Operons. J Bacteriol. 2004 May 
1;186(9):2629–35. doi:10.1128/jb.186.9.2629-2635.2004 

7. Griffen AL, Beall CJ, Campbell JH, Firestone ND, Kumar PS, Yang ZK, 
et al. Distinct and complex bacterial profiles in human periodontitis and 
health revealed by 16S pyrosequencing. ISME J. 2012 Jun 1;6(6):1176–85. 
doi:10.1038/ismej.2011.191 

8. Griffen AL, Beall CJ, Firestone ND, Gross EL, DiFranco JM, Hardman 
JH, et al. CORE: A Phylogenetically-Curated 16S rDNA Database of the 
Core Oral Microbiome. PLoS One [Internet]. 2011 Apr 22;6(4):e19051-. 

Available from: https://doi.org/10.1371/journal.pone.0019051 
9. Kim BR, Shin J, Guevarra RB, Lee JH, Kim DW, Seol KH, et al. Deci-

phering Diversity Indices for a Better Understanding of Microbial Com-
munities. J Microbiol Biotechnol. 2017/12/28. 2017 Dec;27(12):2089–93. 
doi:10.4014/jmb.1709.09027 

10. Kim DM, Hong I, Lee JY, Im S, Paeng KW, Jung UW, et al. Comparison 
of microbiome profiles across sample types in patients with peri-implantitis 
using 16S rRNA sequencing. J Periodontal Implant Sci. 2026 Dec 2. 
doi:10.5051/jpis.2501680084 PubMed PMID: 41667138. 

11. Liu H, Chen J, Chen Q, Zhang L, Feng Y, Wu B, et al. Comparative analy-
sis of the microbiota in gingival crevicular fluid from peri-implantitis and 
periodontitis using 16 S ribosomal RNA gene amplicon sequencing: a cross
-sectional study. BMC Oral Health. 2025 Dec 26;26(1):175. doi:10.1186/
s12903-025-07572-0 PubMed PMID: 41449378. 

12. Rajasekaran JJ, Krishnamurthy HK, Bosco J, Jayaraman V, Krishna K, 
Wang T, et al. Oral Microbiome: A Review of Its Impact on Oral and 
Systemic Health. Microorganisms. 2024 Aug 29;12(9). doi:10.3390/
microorganisms12091797 PubMed PMID: 39338471. 

13. Wen CC, Lin JCY, Salamanca E, Teng NC, Lin YJ, Wu YF, et al. Full-
length 16S rRNA sequencing reveals microbial characteristics in su-
pragingival plaque of periodontitis patients. J Dent Sci. 2025 Jul;20(3):1739
–48. doi:10.1016/j.jds.2025.03.040 PubMed PMID: 40654456. 

14. Zamparini F, Buonavoglia A, Pellegrini F, Diakoudi G, Pavoni M, Fiorini 

G, et al. Comparative Evaluation of Tongue and Periodontal Pocket Mi-

crobiome in Relation to Helicobacter pylori Gastric Disease: 16S rRNA 

Gene Sequencing Analysis. Antibiotics (Basel). 2025 Aug 6;14(8). 

doi:10.3390/antibiotics14080804 PubMed PMID: 40867998. 

Table 1. Summary of Findings on Healthy Gingival Sulcus Microbiome 

Conclusion 
In conclusion, the study of the gingival sulcus microbiome 
has advanced from traditional culture-based approaches to 
a systems-level understanding of microbial communities. 
While culture methods remain valuable for specific suscep-
tibility testing, the future of periodontal diagnosis and re-
search in our region—and globally—depends on high-
throughput molecular techniques. By integrating the taxo-

nomic resolution of 16S rRNA sequencing with emerging 
functional genomics and metagenomics tools, we are be-
ginning to decode the complex microbial networks that 
maintain oral health and influence systemic disease. Re-
gional studies such as this provide critical baseline data, 
helping to contextualize microbial diversity and guide evi-
dence-based preventive and therapeutic strategies in perio-
dontal care. 


