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Abstract

The present study is the first local investigation aimed at
characterizing the bacterial diversity of root canals in dental caries
patients through comparative analysis of metagenomic, traditional, and
molecular identification approaches, with a particular focus on
Streptococcus sanguinis. Root canal infections significantly contribute to
dental caries progression, making it critical to understand the associated
microbial community. For traditional and molecular analyses, a total of
50 clinical samples from patients requiring root canal treatment at the
Dental Specialized Center/Gulan General Hospital in douhuk city , akr
district were collected. Biochemical characterization confirmed typical
features of S. sanguinis isolates, such as catalase and oxidase negativity,
gelatinase negativity, and selective sucrose fermentation. Molecular
confirmation through 16S rRNA gene sequencing accurately identified
two local isolates submitted to GenBank as Strepfococcus sanguinis
JAMOMOSUL (accession PQ654829) and JAMOMOSULI (accession
PQ654911), demonstrating 100% sequence homology to global reference
strains. Forty-two samples (85%) demonstrated bacterial growth on a
novel modified Schaedler agar medium supplemented with hemin and
vitamin K. Among these isolates, 19 strains (45.2%) were phenotypically
identified as S. sanguinis based on distinctive morphological features,

including small, round, white to slightly grey colonies.

Antibiotic susceptibility testing provided relevant clinical insights,
revealing 100% sensitivity of the S. sanguinis i1solate to levofloxacin,
gentamicin, tobramycin, and vancomycin, while showing 100%
resistance to cefixime. Additionally, biofilm formation capacity was
assessed on modified Congo Red agar, which showed the high biofilm-

forming abilities of S. sanguinis as crucial players in biofilm-related root



canal infections. Two specifically selected samples (one healthy and one
infected) were subjected to DNA extraction without prior culturing and
used directly for metagenomic analysis. We analyzed how information
regarding microbial community diversity was obtained from high-
throughput metagenomic sequencing on the V3—V4 hypervariable region
of the 16S rRNA gene processed through wvarious bioinformatics
pipelines, like DADA2 and QIIME. Using this approach, there was
significantly more bacterial diversity and richness present in infected root
canals than in healthy controls, and the infected samples were nearly
double the number of amplicon sequence variants (296 vs. 162 amplicon
sequence variants (ASVs)). A noteworthy finding of increasing anaerobic
genera, such as Prevotella and Lactobacillus, and the first global
detection of Corynebacterium durum in root canal environments
underscores the need for novel taxa in understanding microbial diversity
in dental caries. Furthermore, the representative amplicon sequence
variants (ASVs) of multiple genera were submitted to NCBI and can be
used as a powerful reference dataset for future studies. Phylogenetic
analysis conducted using Maximum Likelihood methods proved local S.
sanguinis isolates to be evolutionarily connected with internationally
documented strains while showing genetic diversity that could explain
adaptation patterns. The analysis of representative ASVs showed strong
evolutionary relationships between different bacterial genera This

validated the taxonomy classification processes.
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This study conclusively demonstrates the superiority of
metagenomics over traditional and molecular methods in identifying
comprehensive microbial communities, thus significantly enhancing
diagnostic capabilities and informing effective clinical management

strategies in endodontics.
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HIGHLITS

e  First local study comparing
metagenomics with
traditional root canal
analyses.

. Accurate identification of S.
sanguinis isolates by 16S
rRNA and GenBank
submission.

. Isolates showed resistance to
cefixime and high sensitivity
to key antibiotics.

e  Metagenomics revealed
greater bacterial diversity in
infected root canals.
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ABSTRACT

This study, the first local investigation, characterized bacterial diversity in root
canals of dental caries patients by comparing traditional, molecular, and
metagenomic methods, focusing on Streptococcus sanguinis. Among 50
clinical samples, 42 (85%) showed bacterial growth, with 19 isolates (45.2%)
phenotypically identified as S. sanguinis. Biochemical tests and 16S rRNA
sequencing confirmed two local isolates with 100% identity to global
reference strains (JAMOMOSUL and JAMOMOSULT). Antibiotic testing
revealed S. sanguinis was highly sensitive to levofloxacin, gentamicin,
tobramycin, and vancomycin but resistant to cefixime. The isolates showed
strong biofilm-forming ability, highlighting their role in persistent infections.
Metagenomic analysis of two samples (healthy vs. infected) revealed
significantly greater bacterial diversity in infected canals, nearly doubling the
number of amplicon sequence variants (296 vs. 162 ASVs), with an increase
in anaerobic genera like Prevotella and Lactobacillus, and the first global
detection of Corynebacterium durum in root canals. Phylogenetic analysis
confirmed evolutionary relatedness of local S. sanguinis to international
strains and validated taxonomic classifications. Overall, metagenomics
outperformed traditional and molecular methods, enhancing diagnostic
accuracy and guiding effective endodontic treatment strategies.
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