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 The human mouth cavity provides valuable clinical information about both oral and 
overall well-being. Tobacco has an impact on the oral microbiome, which is connected to a range 
of systemic disorders. Global studies are examining tobacco usage and other factors, including 
bacteria's role in oral cancer. Although there have been studies examining the connection 
between tobacco and the oral microbiota using 16S rRNA amplicon sequencing, there is a lack 
of investigations application of metagenomic sequences. we investigate, a total of 64 samples 
were obtained from each of the three categories: Tobacco chewers, Tobacco smokers and 
Normal healthy individuals. The samples were processed in duplicates. Total 10gbp data was 
generated with more than 90% good quality sequences and were used in downstream analysis. 
Metagenomic analysis was carried out using QIIME 2-2022.2 using the default parameters. An 
investigation was conducted to compare the prevalence of 18 species of Prevotella, which are 
found in high abundance in tobacco chewers (0.004%) as well as tobacco smokers (0.0017%) 
with compare to normal healthy persons (0.0008%). Total 15 species are absent in healthy 
individuals but present in tobacco consumers, while 30 species are found to be highly prevalent 
in tobacco chewers 12 species are highly abundant in tobacco smokers. Streptococcus was the 
most prevalent genus found among all the samples.
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 Joshua Lederberg invented the word 
“microbiome” to describe “To refer to the 
ecological community of commensal, symbiotic, 
and pathogenic microorganisms that practically 
coexist in our bodies and are largely disregarded as 
risk factors for disease.”1 All of the bacteria and their 
genes that inhabit the human body are collectively 
referred to as the “human microbiome”. Oral 
microbiomes are microorganism genomes found in 
oral cancer. When compared to other biomarkers 

from the host, the oral microbiota is regarded as 
an ideal biomarker for oral tumor. Anaerobes have 
a niche that is created by aerobic bacteria. In oral 
cancer, more than 700 different bacterial species 
can be found. In order to maintain equilibrium, 
mutualistic and pathogenic bacteria collaborate 
during coevolution. Bacterial organisms have a 
stable habitat at the 37 °C temperature in the oral 
cavity and pH 6.5 to 7.5 of saliva. The use of saliva 
is important for the diagnosis of oral disorders as 
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well as the examination of their progression.2 The 
microbiota receives nutrients from saliva and is 
kept hydrated. Oral biofilms created by aerobic 
and anaerobic bacteria stop their environment 
from changing.3 In comparison to eukaryotic 
cells, human bodies contain a greater number of 
prokaryotic organisms. These prokaryotic visitors 
conduct several biological processes that humans 
would be unable to execute on our own and 
safeguard us against pathogenic germs. Scientists 
believed that the sequencing of the human genome 
would be sufficient to comprehend the underlying 
causes of human function and disease in the early 
1990s, but the analysis of the human genome was 
merely a basic overview of the genetic makeup 
of our bodies.4 Many microorganisms, including 
bacteria, viruses, and fungus, live in the oral 
cavity and may have a role in the development 
and spread of oral cancer.5 The most common 
phyla in the adult human oral cavity, according to 
the Human Oral Microbiome Database (HOMD), 
are Proteobacteria, Firmicutes, Fusobacteria, 
Bacteroidetes and Actinobacteria. In the taxonomic 
hierarchy of the human oral microbiome, as of 
March 2020, the HOMD listed 1,567 genomes and 
784 distinct bacterial species (HOMD, www.homd. 
org). The total volume of oral microorganisms is 
around 1011 bacteria/mL. The most frequent genus 
found in the oral cavity is Streptococcus, which is 
then followed by Porphyromonas, Haemophilus, 
Leptotrichia, Propionibacterium, Prevotella, 
Veillonella, Staphylococcus, and Treponema. 1,6,7 
Compared to other body locations, oral microbiota 
has the lowest beta diversity but the largest alpha 
diversity, and there aren’t many differences in the 
makeup of the oral cavity microbiota between 
different people.37 Smoking in persons leads to a 
substantial increase in the possibility of developing 
cancer. It has been scientifically proven that 
tobacco smoke includes more than 60 known 
cancer-causing substances.8 After drinking alcohol, 
ethanol can still be tasted in the tongue for hours. 
The uniform distribution of absorbed alcohol in 
body fluids causes the amounts of ethanol in saliva 
and blood to decline at the same pace. However, it is 
unknown how alcohol consumption alters the oral 
microbiome. It has been hypothesized that bacterial 
overgrowth in those with bad dental hygiene may 
enhance the production of microbial compounds 
with potential cancer-causing properties. The 

microbial synthesis of cancer-causing acetaldehyde 
from ethanol is of particular relevance in this 
context.9 Tobacco may affect the progression of a 
disease by changing the microbial populations in 
the oral cavity.10,11 Prevotella species have been 
linked to the emergence of inflammatory conditions 
and oral cancer. The development of diseases may 
be facilitated by smoking-associated dysbiosis 
of the salivary microbiome in cigarette smokers, 
particularly higher abundance of Prevotella and 
Megasphaera species.12 Bacteria play a crucial 
role in oral carcinogenesis through suppression 
of apoptosis, activation of cell proliferation, 
promotion of invasion, chronic inflammation, and 
generation of carcinogens.13 The development of 
knowledge about many pathogenic microorganisms 
and the abundance of information about the diseases 
that these organisms cause have improved the full 
genome sequencing investigations of many of these 
organisms.14 Metagenomics has revolutionized 
microbiology research and opened up a window 
for examining previously unknown world of micro-
organisms and their diversity, according to a report 
by the United States National Research Council 
committee, “The New Science of Metagenomics: 
Revealing the Secrets of Our Microbial Planet”.15 
In the past ten years, a number of studies have 
examined the variations in oral bacteria linked 
to OSCC (Oral squamous cell carcinoma) from 
new angles, and their analyses have revealed 
both similarities and differences. A comparison 
was made between the DNA of oral microbiome 
obtained from cancer patients and healthy 
volunteers using 16S rRNA amplicon sequencing. 
The results revealed significant connections 
between oral squamous cell carcinoma (OSCC) 
and oral bacteria. Microbiological diagnostics 
involve the identification of pathogens in clinical 
samples to advise the management and treatment 
of infections in patients.16 Traditional microbiology 
diagnostic methods include microorganism 
cultivation, serology for the detection of pathogen-
specific antibodies or antigens, and polymerase 
chain reaction (PCR) for the identification of 
microbial nucleic acids. These methods aid in the 
discovery and description of infectious agents 
in clinical samples.17 Metagenomics has grown 
in popularity as a method of microbiological 
study with the advancement of DNA sequencing 
technologies. A metagenomic method has been 
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employed in several recent research to investigate 
the functions of microbes in oral disorders.18  
 The objective of this study is to compare 
the bacterial diversity between those who consume 
tobacco and those who do not consume tobacco, as 
well as to identify the dominant species in tobacco 
consumers.

Material and Methodology

Sample collection
 The study included 64 male patients or 
volunteers. 28 volunteers chewed tobacco, 28 
volunteers smoked tobacco, and 8 volunteers 
were healthy. All samples were run in duplicates. 
This study excluded patients and volunteers with 
diabetes, hepatitis, HIV, and autoimmune illnesses 
who were taking antibiotics. The Sterling Hospital 
Ethics Committee of Sterling Hospital Ahmedabad, 
Gujarat, India (SHEC/HS/OC-Study/235-2022) 
accepted this study for research and recruiting of 
oral cancer patients and healthy, long-term tobacco 
chewing and smoking volunteers. Each patient 
gave written consent before sample collection. 
dna isolation
 HIMEDIA Sterile Cotton Swabs (PW003) 
screw-capped polypropylene tube, cotton bud with 
polypropylene stick, individually packaged were 
used to take buccal and gum swabs. Swabs were 
kept at 4 °C in 500 µL 1x PBS Solution (M1452-
500G, Phosphate Buffered Saline, pH 7.2) until use. 
The collected samples were vortexed at 2000 rpm 
for 10 minutes at 37 °C.  DNA isolation was carried 
out by making minor modifications and combining 
the procedures provided by the manufacturer, 
using the QIAamp DNA Mini Kit (Catalog no: 
51304). 50 ìL elution buffer was used to elute DNA 
samples. Until PCR amplification, the DNA was 
stored frozen at 20 °C. Spectrophotometric analysis 
of DNA purity and yield was performed using a 
BioTek EPOCH2 microplate reader. The ratio of 
absorbance at 260 and 280 nm (A260/A280) was 
used to evaluate the purity of DNA. 
PCr and Sequencing
 A particular primer pair of the V3-V4 
region unique to the bacterial 16S rRNA gene 
was used to amplify DNA samples. The reaction 
process was performed at 95 °C for 5 min, followed 
by 32 cycles at 95 °C for 1 min, 58 °C for 50 
secs, and 72 °C for 1 min, with a final extension 

at 72 °C for 7 min. For the PCR, reactions were 
set up for a total volume of 25 ìL, containing 1 ìL 
each primer (final concentration 5 pM), 12.5 ìL 
2x KAPA HiFi HotStart Ready Mix, 90-100 ng 
sample DNA was used, 1 ìL BSA (Bovine serum 
albumin) for increases PCR yields. For high yields 
also performed nested PCR for from Previous PCR 
Product at 95 °C for 5 min, followed by 15 cycles at 
95 °C for 1 min, 58 °C for 50 secs, and 72 °C for 1 
min, with a final extension at 72 °C for 7 min. The 
size of the PCR result was verified by running DNA 
samples via a 2 % agarose gel electrophoresis. PCR 
products were purified with 20 mL of AMPure XP 
(BECKMAN COULTER; Catalog No. A63881) in 
accordance with the manufacturer’s protocol and 
eluted into 50 ml of 10 mM Tris, pH 8.5.19

library preparation and sequencing
 Illumina adapters were attached to the 
PCR products using Nextera XT Index Kit V2 
(Illumina®, USA-Catalog No. 15052164). After 
purification, the quantity of dsDNA was determined 
using Qubit dsDNA HS Assay Kit (Thermo Fisher 
Scientific®, USA -Catalog No. 2438348) with 
Qubit Fluorometer 2.0. Particular to the size (~ 
450 bp) purification was carried out by using the 
E-Gel CloneWell II agarose gels, which come 
with two comb systems. The eluted PCR products 
were purified with AMPure XP beads (Beckman 
Coulter, Switzer-land) with a ratio of 0.9X as 
recommended with the user manual. Quantification 
was performed using the Qubit dsDNA HS Assay 
Kit with the Qubit 2.0 Fluorometer once the 
purification process was completed. The library 
was pooled at 4nM and final loading concentration 
on flowcell was 100pM and sequencing was carried 
out on a NovaSeq 6000 SP 500 cycle system using 
250X2 bp chemistry.19

amplicon sequence analysis
 Prinseq lite was used after a Perl script 
to process the raw readings.20 The quality value of 
50 was chosen for the data filter, and 5 nucleotides 
were trimmed from the both sides. A filtered data 
was analyzed using the program QIIME 2–2022.2 
with its default parameters before the data was 
analyzed. This was done unless it was specifically 
stated otherwise. Denoising and demultiplexing the 
reads were both accomplished with the assistance 
of DADA2 pipelines. The greengenes2 database 
was utilized in order to carry out the taxonomic 
study.20–22 To conduct a complete statistical, 
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functional, and integrative analysis of microbiome 
data, MicrobiomeAnalyst 2.0 was used.23–25

reSUltS and diSCUSSion

 The FastQC tool was crucial in assessing 
data quality for downstream analyses, removing 
sequence artifacts and trimming 5 nucleotides from 
both sides to ensure good quality. Per Sequence 
Quality Scores are a set of scores associated 
with each base (nucleotide) in a DNA sequence 
to represent the quality or reliability of the 
nucleotide (Figure 1). Per Sequence GC Content 
measures guanine and cytosine nucleotides in 

DNA sequences, providing insights into structural 
and functional properties, with an average of 53% 
(Figure 2). Total 10 Gbp raw data obtained and 
9 Gbp data is good quality which is 90 %. This 
trimmed good quality data used for downstreme 
analysis.
 The rarefaction curve indicated that 
the graph has reached the sampling size and 
sequencing depth that are sufficient to observe 
the total diversity of the microbiota because it has 
achieved these levels. At the sequencing depth of 
10000 reads, the alpha rarefaction curve obtained 
a plateau for all of the samples. (Figure-3)

Fig. 1. Per sequence quality score

Fig. 2. Per sequence GC content
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 Alpha diversity refers to the level of 
species diversity within a specific habitat or 
ecosystem. In our study F-value of 10.06 and 
a p-value of 0.00016755 indicate that there is 
significant variation in alpha diversity between the 
groups being compared (e.g., tobacco consumers 
and normal healthy individuals). Alpha diversity 
is a measure of biodiversity within a single 
sample. The null hypothesis is rejected and it is 
determined that there is a significant difference in 
alpha diversity between the two groups based on 
the low p-value, which suggests that this difference 
is unlikely to be the result of random chance. This 
finding corresponds with the 2020 study conducted 
by Rituja Saxena et al. to evaluate the impact 
of smokeless tobacco use on oral microbiome 
in healthy and oral cancer patients in 2022.26 
(Figure-4)
 Beta diversity, in comparison, measures 
the level of diversity among different ecosystems 
or communities. As per our study indicates that 
there are notable variations in beta diversity 
among persons who chew tobacco, those who 
smoke tobacco, and healthy individuals. There 
may be significant differences between the groups 
being compared, as indicated by a higher F-value 
(6.5689), which indicates that the variation within 
and between groups is greater. The study found 
that tobacco use status explained 0.1772 of the 
variance, a p-value of 0.001 shows that the results 
are unlikely to be observed if the groups are not 
different. A p-value below 0.05 is statistically 
significant, indicating that the groups may 
differ. This result is same as the previous study 
of Assessing the Effect of Smokeless Tobacco 
Consumption on Oral Microbiome in Healthy and 
Oral Cancer Patients by Rituja Saxena et. al. in 
2022.26 (Figure-5)
 In our study we found that Healthy 
Persons have a higher abundance of Bacteroidota, 
while Tobacco Chewers and Smokers have 
more Fusobacteriota, Furmicutes as well as 
Actinobacteriota. Figure 6 presents a stacked bar 
chart showing the relative abundance of various 
bacterial phyla across three groups: healthy people, 
tobacco chewers, and smokers. Each bar represents 
an individual’s oral microbiome composition, with 
different colors representing different phylum. 
As per figure 6 the x-axis represents individual 

samples, while the y-axis shows relative abundance 
in percentages. The chart provides a comparative 
visualization of the microbiome diversity and 
composition across the three groups, showing 
how tobacco use might be associated with changes 
in the oral bacterial community. Each group’s 
microbiome composition is visually distinct, with 
different species being more or less abundant in 
each group.
 There are 220 species found during 
this study Prevotella saccharolytica, Prevotella 
baroniae, Prevotella marshii, Prevotella micans, 
Prevotella maculosa, Shuttleworthia satelles, 
Peptostreptococcus stomatis, Prevotella scopos, 
Prevotella salivae, Treponema C maltophilum, 
Fretibacterium fastidiosum, Neisseria oralis this 
all species are highly abundant in tobacco smokers 
and chewers with compare to normal healthy 
individuals. A stacked bar chart representing the 
relative prevalence of several bacterial species in 
three groups healthy individuals, tobacco chewers, 
and smokers is shown in Figure 7.
 The LDA score, which refers to linear 
discriminant analysis, is a quantitative measure of 
the amount to which microorganisms contribute 
to the distinguishing of classes. It is possible to 
determine whether a feature is more effective 
in distinguishing between the groups that are 
being compared by examining its LDA score. 
As per this findings Patescibacteria are found 
highly abundant in the group Tobacco smokers 
in comparisons to tobacco chewer and healthy 
individuals. Fusobacteriota, Actinobacteriota, 
Campyalobacterota, were found highly abundant 
in the group Tobacco chewers. Patescibacteria 
were found to be highly abundant in Tobacco 
smokers. Firmicutes was highly abundant in both 
tobacco chewers as well as tobacco smokers Figure 
8 represents a bar graph with microbiological 
characteristics on the y-axis and linear discriminant 
analysis (LDA) scores on the x-axis.
 Different groups, such as tobacco 
chewers, tobacco smokers, and healthy persons, 
are represented by different colors on the 
dendrogram provided in figure 9. The samples 
were clustering together according to the degree 
of similarity between them. The scale at the 
bottom of the branching pattern indicates the 
level of similarity or distance between clusters, 
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Fig. 3. The alpha rarefaction curve was created using the observed features of all samples at a depth of 10000 
reads

Fig. 4. Alpha diversity

and the branching pattern itself demonstrates how 
closely connected the samples are to one another.  
(Figure 9)
 The figure 10 describes a heatmap that 
presents data on various types of bacteria found in 
samples from different groups of people, including 
tobacco smokers, tobacco chewers, and normal 
healthy persons for control. We found number of 

bacteria species across a wide range of samples, 
detailing the abundance of each bacterium in the 
context of patient and sample types. The heatmap 
likely visualizes the comparative abundance of 
these bacteria across different patient groups, 
showing variations in microbial presence or 
absence. (Figure 10)
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Fig. 5. Beta Diversity

Fig. 6. A stacked bar chart of Phylum level abundance profiles across samples

 The number of species that we found was 
220, and among those, 53 species were shown to 
be extremely prevalent in tobacco consumers in 
comparison to healthy individuals. A total of 15 
species were not found in healthy individuals, but 
they were found in extremely large numbers in 
tobacco chewers and smokers. (Table 1)
 Actinomyces spp. were identified in 
tobacco chewers (0.00025%) and smokers 

(0.00014%). According to research by Valour and 
other scientists, Actinomyces spp. is the cause of 
Actinomycosis, an uncommon chronic disease. 27 
Campylobacter curvu was identified in smokers 
(0.000075%), tobacco chewers (0.0015%) and 
Normal healthy individuals (0.0%). Medical 
literature has documented occasional cases of 
extra oral abscesses, namely in the oral region, in 
some Campylobacter spp. Rice, Tarrand, and Han’s 
research from 2005.28 
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Fig. 7. A stacked bar chart of  Species level abundance profiles across samples

Fig. 8. Differentially abundant phylum in the Tobacco chewers, smokers and normal healthy individuals

 We observed that tobacco chewers had 
0.00018%, tobacco smokers had 0.00014%, and 
normal, healthy people had 0.0%. E. Veras and 
other researchers identified Lancefieldella Spp. 
as a novel discovered pathogen in periodontitis in 
2023.29 As per to the our results, the prevalence 
of Leptotrichia spp. was found to be 0.00095% in 
tobacco chewers, 0.00031% in tobacco smokers, 
and 0% in healthy normal people. 

 According to a study conducted by Amer 
et al. in 2017, it was found that the presence of high 
levels of Leptotrichia spp. was closely associated 
with severe dysplasia, and this association was 
statistically significant (P < 0.05). Oral leukoplakia 
has been observed to be characterized by a 
microbiota that is altered and shares characteristics 
with the microbiome of colorectal cancer.30 
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Fig. 9. A dendrogram presenting the clusters of samples annotated differently by color
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table 1. The percentage-wise abundance of tobacco chewers, smokers, and healthy people

No. Species Normal  Tobacco  Tobacco 
  persons chewers smokers

1 Actinomyces sp000220835 0.0000000 0.0002596 0.0001475
2 Campylobacter A curvus 0.0000000 0.0015636 0.0000755
3 Capnocytophaga haemolytica 0.0000000 0.0004669 0.0000105
4 Lancefieldella sp000411555 0.0000000 0.0001844 0.0001455
5 Leptotrichia A 993758 shahii 0.0000000 0.0009554 0.0003182
6 Leptotrichia A 993758 trevisanii 0.0000000 0.0003662 0.0003989
7 Porphyromonas A 859423 gingivalis 0.0000000 0.0003473 0.0001318
8 Prevotella falsenii 0.0000000 0.0005140 0.0000343
9 Prevotella seregens 0.0000000 0.0008295 0.0002711
10 Pseudoleptotrichia goodfellowii 0.0000000 0.0001612 0.0000441
11 Shuttleworthia satelles 0.0000000 0.0001350 0.0000569
12 Streptococcus equinus 0.0000000 0.0022637 0.0000249
13 Streptococcus sp001578805 0.0000000 0.0012386 0.0000000
14 Streptococcus troglodytae 0.0000000 0.0018131 0.0002315
15 Treponema C lecithinolyticum 0.0000000 0.0006566 0.0001775
16 Neisseria oralis 0.0000023 0.0000016 0.0011889
17 Phocaeicola A 858004 abscessus 0.0000034 0.0002214 0.0000873
18 Lancefieldella parvula 0.0000069 0.0001249 0.0001027
19 Prevotella sp902776665 0.0000103 0.0005075 0.0002521
20 Myroides gitamensis 0.0000103 0.0002361 0.0004901
21 Porphyromonas A 859423 loveana 0.0000114 0.0006811 0.0033100
22 Fretibacterium fastidiosum 0.0000160 0.0002972 0.0001135
23 Treponema C maltophilum 0.0000195 0.0001677 0.0000762
24 Cryptobacteroides sp902785575 0.0000229 0.0001504 0.0000526
25 Treponema D socranskii 0.0000446 0.0011833 0.0001429
26 Tannerella forsythia 0.0000458 0.0017399 0.0005032
27 Selenomonas bovis 0.0000492 0.0008367 0.0001256
28 Peptoanaerobacter stomatis 0.0000504 0.0010355 0.0000451
29 Peptostreptococcus stomatis 0.0000698 0.0010826 0.0000765
30 Anaeroglobus geminatus 0.0000755 0.0013498 0.0007154
31 Nanosynbacter lyticus 0.0000778 0.0045097 0.0005617
32 Prevotella vespertina 0.0000996 0.0010692 0.0012876
33 Prevotella buccae 0.0001167 0.0019007 0.0002152
34 Stomatobaculum longum 0.0001225 0.0002168 0.0000664
35 Prevotella salivae 0.0001373 0.0026184 0.0004378
36 Prevotella saccharolytica 0.0001385 0.0018334 0.0002596
37 Prevotella baroniae 0.0001408 0.0010964 0.0000788
38 Prevotella marshii 0.0005825 0.0029248 0.0004113
39 Prevotella micans 0.0001694 0.0025678 0.0001674
40 Prevotella maculosa 0.0003353 0.0027404 0.0003862
41 Prevotella veroralis 0.0001797 0.0017291 0.0009695
42 Prevotella pleuritidis 0.0002861 0.0026394 0.0028558
43 Prevotella multiformis 0.0002976 0.0060498 0.0009744
44 Prevotella oulorum 0.0003021 0.0071445 0.0007540
45 Fusobacterium C vincentii 0.0003445 0.0156286 0.0066651
46 Prevotella oris 0.0005493 0.0060612 0.0032309
47 Alloprevotella tannerae 0.0009693 0.0078158 0.0050165
48 Rothia mucilaginosa 0.0015061 0.0053023 0.0031236
49 Veillonella A denticariosi 0.0018368 0.0128719 0.0029448
50 Prevotella nanceiensis 0.0046487 0.0029189 0.0050221
51 Prevotella scopos 0.0069375 0.0242713 0.0145208
52 Veillonella A dispar 0.0175246 0.0300098 0.0299608
53 Streptococcus mitis AR 351037 0.1495434 0.2012523 0.2984361
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Fig. 10. A clustered heat map showing the variation of taxonomic abundance with regard to Tobacco chewers, 
smokers and  Normal healthy individuals
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 Based on our data, we observed that 
the prevalence of Porphyromonas gingivalis 
was 0.00034% in tobacco chewers, 0.00013% 
in tobacco smokers, and 0.0% in those who 
were considered to be normal. As a result of the 
widespread distribution of this species in malignant 
oral epithelium, there is a potential connection 
between the bacteria and gingival squamous cell 
carcinoma. Furthermore, this species is an oral 
carcinogenic in both human and animal studies as 
per the J. Katz and other his colleagues in 2011.31 
 Prevotella falsenii was found 0.00051% in 
tobacco chewers, 0.000034% in tobacco smokers, 
and 0.0% in those who were considered to be 
normal. Prevotella falsenii were isolated from tissue 
that was tumorous according to Chocolatewala, 
Chaturvedi, and Desale (2010).32 We observed 
that tobacco chewers had 0.00016%, tobacco 
smokers had 0.00004%, and not observed in 
normal patients of Pseudoleptotrichia goodfellowii 
Microorganisms that are normally found in the oral 
communities of humans. The work of Yabuuchi et 
al. (2022) reported. 33 
 Streptococcus troglodytae with abundance 
of 0.0022% in tobacco chewers, 0.000024% in 
tobacco smokers and absent in normal healthy 
persons. This was new species that was isolated 
from the oral cavities of chimpanzees, also 
known as Pan troglodytes. Which was previously 
discovered by Okamoto et al. in 2016.34 
 Neisseria oralis was found highly 
abundant in tobacco smokers (0.00118%) but 
in normal and tobacco chewers it was found 
0.00002%. Neisseria oralis was found in the oral 
cavity of humans in extremely large numbers 
in the year 2015 research by Liu, Tang, and 
Exley.35 According to our results, the prevalence 
of Phocaeicola A 858004 abscessus was found to 
be 0.00022% in tobacco chewers, 0.000087% in 
tobacco smokers, and 0.000003% in healthy normal 
people. This species previously isolated from the 
saliva of a person who was receiving treatment for 
squamous cell carcinoma in the mouth in 2023 by 
of Jiung-Wen and other his collegues.36 
 Yip and other researchers found that 
Porphyromonas loveana can harm the immune 
response, which in turn allows for the advancement 
of disease in animals and we highly found in 
tobacco smokers (0.00331%), tobacco chewers 
(0.00068) and very less present in normal healthy 

persons (0.00001%).37 In our research, tobacco 
chewers had 0.00029%, tobacco smokers had 
0.00011%, and normal people had 0.00001% of 
Fretibacterium fastidiosum. Vartoukian et al. have 
isolated this novel genus and new species from 
human oral cavities in 2013.38 
 In our study, we observed varying levels 
of Treponema C maltophilum and Treponema 
D socranskii species among tobacco chewers, 
tobacco smokers, and normal control subjects. The 
prevalence of Treponema C maltophilum was found 
to be highest among tobacco chewers, followed by 
tobacco smokers and normal controls. Specifically, 
tobacco chewers exhibited a prevalence of 
0.000167%, while tobacco smokers had 0.000076%, 
and normal controls had 0.000019%. Similarly, the 
prevalence of Treponema D socranskii was highest 
among tobacco chewers at 0.00118%, followed 
by tobacco smokers at 0.00014%, and normal 
controls at 0.000044%. The results of this study 
are consistent with the studies conducted by Wyss 
et al. (1996), indicating that these spiral-shaped 
bacteria are linked to serious health conditions such 
as syphilis and periodontal diseases. The greater 
occurrence of these species among those who use 
tobacco, namely those who chew it, may suggest 
a possible connection between tobacco intake and 
a heightened susceptibility to these illnesses.39 
 According to our study, those who 
chew tobacco had a prevalence of 0.00173% 
of Tannerella forsythia, while tobacco smokers 
had a prevalence of 0.00050%. In comparison, 
individuals who do not consume tobacco had a 
prevalence of 0.000045% of Tannerella forsythia. 
This is Gram-negative anaerobe, a periodontal 
pathogen, is a significant focus for disease 
treatments according to Bloch et al. (2019).40

 Our findings indicate that the occurrence 
of Selenomonas bovis was 0.00083% among 
individuals who chew tobacco, 0.00012% among 
tobacco smokers, and 0.00004% among healthy 
individuals without any tobacco-related habits. 
Selenomonas bovis is linked to both chronic 
periodontitis and periodontal health. Purnima 
Kumar’s 2005 work.41 In our study we found that 
Peptoanaerobacter stomatis present 0.0010% in 
tobacco chewers, 0.00004% in tobacco smokers, 
and 0.00005% in healthy normal people which 
was previously isolated from human sub gingival 
plaque by sizova and other reserchers in 2015.42 
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 Prevotella scopos and Peptostreptococcus 
stomatis species were found in different amounts 
in tobacco chewers, smokers, and healthy control 
persons in our investigation. When compared to 
normal controls, tobacco chewers and smokers 
had the highest prevalence of Prevotella scopos. 
To be more precise, the prevalence of tobacco 
chewers was 0.0242%, that of tobacco smokers 
was 0.0145%, and that of normal controls was 
0.0069%. Similarly, tobacco chewers had the 
highest prevalence of Peptostreptococcus stomatis 
(0.00108%), followed by tobacco smokers 
(0.000076%) and normal controls (0.000069%). 
These results are consistent with earlier studies 
conducted in 2011 and 2006 by Downes and Wade, 
who reported that both species were newly isolated 
from human oral cavities.43,44 
 According to the findings of our research, 
the highest prevalence of Anaeroglobus geminatus 
was found in tobacco chewers (0.00134%), 
followed by tobacco smokers (0.00071%) and 
normal controls (0.00007%) who had the lowest 
prevalence. This was a putative pathogen that 
was discovered relatively recently, and it has the 
potential to play a role in the microbial shift that is 
associated with periodontitis. lately, this pathogen 
was discovered. The deterioration of periodontal 
tissues by inflammatory processes is the defining 
characteristic of periodontitis, which ultimately 
results in the loss of healthy teeth. 2017 research 
carried out by Bao and colleagues.45 
 Our data showed that the prevalence of 
Nanosynbacter lyticus was 0.0045% in tobacco 
chewers, 0.00056% in tobacco smokers, and 
0.00007% in normal healthy individuals. This 
particular strain of Nanosynbacter lyticus had a very 
small genome and only a few metabolic pathways. 
There was recently isolated by Hendrickson 
and colleagues in 2024 from the oral cavity.46 In 
our investigation, we found that the prevalence 
of Prevotella buccae in tobacco chewers was 
0.00190%, while the prevalence in tobacco 
smokers was 0.00021%, and the prevalence in 
normal persons was 0.00011%. These findings were 
previously isolated from people who suffer from 
chronic periodontitis by Sharma et al. 2023.47

 As per our study tobacco chewers 
had 0.00261% which was higher than tobacco 
smokers (0.00043%) and normal healthy persons 
(0.00013%) of Prevotella salivae which was new 

species that have been previously isolated 
from the oral cavity of humans by Sizova et 
al. in 2013.48 Prevotella multiformis had high 
prevalent in tobacco chewers (0.0060%) than the 
tobacco smokers (0.00097%) and normal persons 
(0.00029). This was a new species that was isolated 
from the human subgingival plaque in 2005, 
Sakamoto and other reserchers.49 The obligate 
anaerobes, such as Prevotella oris, were among 
the most prevalent members of the bacteriome 
associated with OSCC.50 
 The presence of Alloprevotella tannerae 
was found in tobacco chewers (0.00781%), 
smokers (0.00501%), and healthy individuals 
(0.0009%). Moore and colleagues in 1994 
reclassified Prevotella tannerae as Alloprevotella 
tannerae, which is a Gram-negative, anaerobic 
bacilli that was isolated from the oral cavity of 
humans.51 
 In our experiment, we detected varying 
quantities of Veillonella A denticariosi and 
Rothia mucilaginosa species in tobacco chewers, 
smokers, and healthy control subjects. Veillonella 
A denticariosi was more common in tobacco 
chewers and smokers than in normal controls. More 
specifically, tobacco chewers made up 0.0128% of 
the population, tobacco smokers made up 0.0018%, 
and normal controls made up 0.0029%. among 
a similar vein, the highest prevalence of Rothia 
mucilaginosa was found among tobacco chewers 
(0.0053%), followed by smokers (0.0031%) and 
healthy controls (0.0015%). These findings are 
in line with previous research done in 2020 by 
Amer and colleagues, who stated that Veillonella A 
denticariosi is a novel species that has been isolated 
from Rothia mucilaginosa and human carious 
dentine. Rothia mucilaginosa isolates are found in 
patients with oral leukoplakia diagnoses.52 
 Prevotella nanceiensis new species 
discovered in the oral cavity of humans through 
isolation. 2007 research by Alauzet et al.53 
Individuals who chewed tobacco had a presence 
of 0.2%, whereas those who smoked tobacco had 
a presence of 0.3% with regard to the substance. 
On the other hand, the prevalence of Streptococcus 
mitis was reported to be under 0.1% in healthy 
individuals. Narikiyo and others have stated that 
These bacteria are responsible for the generation 
of inflammatory cytokines, which in turn influence 
the progression of the disease, which in turn 
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contributes to the development of esophageal 
cancer. When there is a drop in the quantity of these 
bacteria, there is a corresponding decrease in the 
chance of sickness. 2004 study that was carried 
out.54 
 Shuttleworthia satelles Downes et al. in 
2002, Prevotella baroniae and Prevotella marshii 
Downes et al. in 2005, Prevotella maculosa 
Downes et al. in 2007, Prevotella micans Downes 
et al. in 2009, Prevotella saccharolytica Downes 
et al. in 2010. All discovered a novel genus and 
a new species that were isolated from the oral 
cavity of humans. As per Table- 1 in our study the 
tobacco consumers had high prevalent of all species 
with compare to normal.55–59 The smoker’s oral 
microbiota represented a significant abundance of 
Veillonella dispar.60 
 Capnocytophaga haemolytica, Prevotella 
seregens, Streptococcus sp001578805, Treponema 
C lecithinolyticum, Lancefieldella parvula, 
Prevotella sp902776665, Myroides gitamensis, 
Prevotella veroralis, Prevotella pleuritidis, 
Prevotella oulorum, and Fusobacterium C 
vincentii. These species are present in significantly 
higher levels in tobacco consumers compared to 
healthy individuals. No additional information has 
been found regarding the presence of this species 
in individuals who consume tobacco.

ConClUSion

 A conclusion can be reached regarding 
the correlation between tobacco use and specific 
bacterial species, microbial abundance, and 
diversity. The findings, which are elaborated 
upon in this study, reveal significant variations in 
the diversity of alpha and beta microorganisms 
between individuals who use tobacco and those 
who are healthy. These differences suggest that 
the oral cavity microbiota of tobacco consumers 
is distinct. This modification could increase the 
risk of developing oral diseases, such as oral 
cancer. Total 53 species were more prevalent 
in individuals who consume tobacco compared 
to normal. A total of 15 species are absent in 
healthy individuals but are present in individuals 
who consume tobacco, whereas 30 species are 
highly frequent among individuals who chew 
tobacco. 12 species are present in large numbers 
among individuals who smoke tobacco. Among 

individuals who use tobacco, the presence of 18 
species of Prevotella is significantly higher in 
those who chew tobacco (0.0040%) and smoke 
tobacco (0.0017%) compared to individuals who 
do not consume tobacco and are in good health 
(0.0008%). This study highlights the importance 
of understanding the role of the oral microbiome in 
both maintaining good health and causing diseases. 
They offer fresh insights into how behavioral 
choices, such as tobacco smoking, can have a major 
impact on microbial ecosystems and potentially 
increase the likelihood of developing diseases. 
This metagenomics study provides valuable 
insights into the impact of tobacco use on the oral 
microbiome. It enhances our understanding of the 
complex relationship between lifestyle factors and 
microbial communities in the human body.  The 
research provides a significant contribution to the 
field by discovering unique microbial patterns that 
are associated with tobacco usage. Acquiring this 
knowledge improves our understanding of how the 
microbiome affects oral health and illness, which 
in turn helps us develop more precise interventions 
and treatments.
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