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ARTICLE INFO ABSTRACT

Keywords: Background: Saliva, an oral secretion is considered an essential biological modulator involved in maintaining oral
Diabetics homeostasis. Increased glucose levels in diabetic patients’ saliva may have an impact on diversity of microbes.
Metagenomics Comparing the salivary microflora of diabetic and non-diabetic cohorts will help in diagnosis and risk assessment
1sv:1ci‘r;2bmta of oral health complications. This will provide greater knowledge about the contribution of oral microbes to the

development of oral illnesses. The association between salivary microbiota and diabetic state is less explored in
the North Indian population, hence current observational study was performed to analyze the salivary microflora
of diabetic and non-diabetic individuals using metagenomic analysis.

Materials and methods: This single-center non-randomized observational trial was conducted in Uttar Pradesh,
India. Participants were enrolled into either diabetic (n = 68) or non-diabetic groups (n = 68) based on their
diabetes status. Following saliva collection, DNA was extracted and metagenomic sequencing was performed.
Results: Phylum Bacteroidetes and Fusobacteria were significantly abundant in diabetic individuals (p < 0.0001),
while Proteobacteria was significantly higher among non-diabetic individuals (p < 0.0001). No statistical dif-
ference in phylum Actinobacteria and Firmicutes among diabetics and non-diabetics. Veillonella, Prevotella,
Porphyromonas, Leptotrichia, Lactobacillus, and Streptococcus were greater in diabetics whereas the abundance of
Capnocytophaga and Neisseria was more among non-diabetics (p < 0.05).

Conclusions: The genera Veillonella, Prevotella, Porphyromonas, Leptotrichia, Lactobacillus, and Streptococcus were
comparatively over the odds with the diabetics in India. The association between microbiota in diabetic popu-
lation and risk related to increase in occurrence of caries, gingivitis, and periodontitis in diabetic population
prevalence should be investigated.

Dental diseases

1. Introduction

Diabetes Mellitus (DM) has become a considerable global burden,
with nearly 537 million adults living with diabetes worldwide as per the
latest statement released by “The International Diabetes Federation”
(IDF). In India, the diabetic population is anticipated to increase to 80
million by 2025, transforming India into the ‘Diabetes Capital of the
world.!

Most of the diabetic patients (>90 %) develop oral ailments and
complications like periodontal disease, Xerostomia, loss of a tooth,
caries, burning mouth disorder, altered taste, dysfunction of the salivary
gland, delay in wound healing, geographic tongue, lichen planus, and
oral candidiasis.” For example, the incidence of Xerostomia among

diabetics is 12.5 %, only 5 % among non-diabetics. It has been observed
that increased glucose levels in blood and serum correlate to increased
salivary gingival crevicular fluid (GCF) glucose levels.” Elevated salivary
and GCF glucose levels succor the growth of many cariogenic bacteria,”
resulting in an increased amount of organic acid production and
increased tooth demineralization. Furthermore, the bacteria causing
periodontal disease, Porphyromonas gingivalis, increases insulin
resistance.’

Various published studies have confirmed that co-morbid conditions
like diabetes are remarkably related to the degree of severity and
advancement of periodontal disease’ Various periodontal pathogens
harboring in the oral mucosa of diabetic patients commonly cause re-
sponses to oxidative stress, damage to receptors for advanced glycation
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end products, and inflammatory cytokines, accentuating the fact that
there is a significant elevation in the host hyper-inflammatory response
to periodontitis in diabetes mellitus® These oral

Complications can unfavorably affect the QOL and due to the
occurrence of these chronic and persistent oral infirmities, there is un-
favorable altered control of blood glucose in diabetics. Hence, there is an
alarming need to regularly assess microbiota-related oral complications
in the diabetic population.

Modern headway in DNA sequencing techniques like metagenomics
is the preferred approach for microbial analysis, compared to conven-
tional culturing techniques. A significant problem with the conventional
culture technique is maintaining the viability of microbes from the
assortment, through transportation, to growth.

Despite investigations on microbiota-related impact in the European
diabetic population, a paucity of research literature exists on the Indian
population.® Assessing the same in the Indian population is an alarming
requisite considering the rising diabetic population.

The present study aimed to analyze and compare the microbiota in
the saliva of diabetic and non-diabetic individuals using metagenomic
analysis.

2. Materials and method
2.1. Study setting

This is a single-center cross-sectional observational study. Patients
aged 30-60 years with confirmed diabetes mellitus type II according to
the diagnostic criterion followed by the American Diabetes Association,”
with HbAlc between 6.4 and 8.9, and diabetic history of.

> 5 years were included in the diabetic group. In addition, patients
under insulin therapy were also included. Patients with Russel’s Peri-
odontal Index20.9,8 DMFT (Decayed missing filled Teeth) index> 5,9
HbAlc level >9, any other systemic disease/medical condition, or were
on any other medication for the treatment of diabetes were excluded.
The control/non-diabetic group included age and sex-matched healthy
individuals without diabetic history and HbAlc.

<5.7. To eliminate bias, patients who underwent dental treatment in
the past three months were not considered for enrollment in both
groups.

The institutional ethical clearance was obtained (Ref code: 97th ECM
II B-Thesis/P150), and the study was registered in CTRI (Clinical Trials
Registry-India with registration number CTRI/2020/08/027,089).
Before being enrolled in the study, all subjects provided their written,
informed consent.

2.2. Sample size

The Sample size was calculated based on the prevalence of diabetes
in Uttar Pradesh i.e., 8 %,'° using the Daniel formula.

n=27%xP1 - Pid

Where the prevalence of diabetes in Uttar Pradesh is 8 % so, P = 0.08.
Z = 1.96 (for a 95 % level of confidence) and d = 0.05'' The
calculated sample size was found to be 112.
After assuming a 20 % drop-out rate, the sample size was identified
as 136 between the groups.

2.3. Sample collection

Consecutive patients attending the diabetic clinic who have given
consent were enrolled either in the diabetic or control group based on
their diabetic status. In addition, data regarding age, sex, DMFT index,
and Russel’s index were recorded after oral examination using a plain
mouth mirror and Williams periodontal probe. Oral samples were
collected from the non-diabetic and diabetic individuals the next
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morning after overnight fasting. Before the sample collection, patients
were instructed to avoid toothbrushing and consume only water. The
participants were seated in coachman’s position with their heads tilted
down for saliva collection. To avoid contamination of the sample, the
participants were instructed to avoid movement of the tongue and lips
during sample collection. The saliva was accumulated gradually in the
mouth for 2 min, followed by spitting the garnered saliva into the col-
lecting vial containing 2 ml Xpress DNA storage buffer. The total sample
collected was adjusted for a final volume of 4 ml by spitting. The process
was repeated until the top fill mark indicated on the vial with liquid
saliva, excluding the bubbles. Care was taken to complete the saliva
collection process within 15 min to ensure the yield and DNA quality.
The vials were capped vortexed for 10-20 s to ensure proper mixing and
stored at 4 °C until further analysis.

2.4. Extraction of DNA

Total genomic extraction of DNA was done after saliva lysate prep-
aration, followed by binding and washing DNA. Later, DNA elution was
performed by the standard technique. Next, DNA was subjected to PCR
using primer sets & KAPA HiFi HotStartReadyMix. Later AMPure XP
beads were used to decontaminate the 16S V3 and V4 amplicon from
primer dimer species and free primers. Nextera XT Illumina kit was used
for library preparation, and additional PCR

Clean-up was performed. Library preparation was run on Illumina
MiSeq(Illumina Inc. California) for DNA analysis.

2.5. Statistical analysis

The statistical data analysis was done using IBM SPSS software 21
version. Descriptive statistics was represented as mean + SD, wherever
possible. Categorical data were summarized as percentages (%). The
level of significance was p value < 0.05.

3. Results

One hundred thirty-six patients visiting the diabetic clinic were
recruited into the diabetic and non-diabetic groups based on their dia-
betic status. Of those, an analyzable salivary sample could not be
retrieved from 6 participants (4 in diabetic and 2 in healthy partici-
pants). To maintain uniformity between the groups, data were reported
for 65 patients per group. Patient demographics are represented in
Table 1.

Saliva was garnered and analyzed for microbiota from all the
enrolled patients. 16 S RNA metagenomic analysis was performed to
compare the salivary microbiota between the two groups. A total of
79,752 and 4,66,224 next-generation sequence (NGS) raw reads using
metagenomic analysis were secured for samples taken from patients who
were diabetic (n = 65) and those who were non-diabetic (n = 65),
respectively. Raw reads were filtered as per parameters for quality
control, resulting in 2,38,267 and 2,12,910 reads for diabetics and non-
diabetics (Fig. 1). The filtered sequence length was in the range of
140-270 nucleotides.

Table 1
General characteristics and medical profile of Diabetic and Non-Diabetic
Individuals.

Parameters Diabetic Non- diabetic
Number of participants 68 68
Male/female 38/30 35/33

Age (years £S.D.) 46 + 4.6 40 £5.7
Mean duration of diabetes mellitus (years +£5.D.)  14.37 +3.06  Not applicable
HbAlc percentage (£S.D.) 7.2+ 0.43 5.2+ 0.23

*S.D. = Standard Deviation.
Data was represented only for the salivary DNA analyzed participants only.
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Fig. 1. Comparison of mean percentage of bacterial phyla between non-diabetic and diabetic groups.

3.1. Characterization of salivary bacterial communities

3.1.1. Diabetic group

Six major bacterial phyla were identified from the 2,38,267 high-
quality 16S rRNA gene sequencing performed. Bacteroidetes were the
most predominant phyla and were reckoned for 48.65 % of the bacterial
sequences. Proteobacteria (18.12 %) and Firmicutes (14.4 %) were in
line becoming the second and third most predominant phyla respec-
tively. Other bacteria like Fusobacteria and Actinobacteria accounted
for 9.94 % and 3.27 % of the bacterial sequences, respectively.

3.1.2. Non-diabetic group

A total of 2,12,910 high-quality 16S rRNA gene sequences were
identified in the saliva of the non-diabetic group. Six phyla represented
most of the bacterial population, with Bacteriodetes being the most
abundantly observed phyla (38.7 %). Like the diabetic group,
Proteobacteria.

(29.63 %) and Firmicutes (14.1 %) constituted the second and third
considerable phyla observed (Fig. 2). In addition, Fusobacteria and
Actinobacteria accounted for 5.8 %% and 3.05 % of the bacterial se-
quences, respectively. A small number of sequences represented minor
phyla. Proteobacteria levels were observed to be considerably greater in
non-diabetics (p < 0.0001) than in diabetics. Bacteriodetes were
significantly higher in the diabetes group (p < 0.0001) (Fig. 1). There
was no statistically significant difference noted for the phylum Actino-
bacteria. Actinobacteria, Firmicutes, and Spirochetes among diabetic

and non-diabetic individuals. Genera like Prevotella, Porphyromonas,
Veillonella, Leptotrichia, Lactobacillus, and Streptococcus were signifi-
cantly elevated in people with diabetes compared to non-diabetics.
However, the composition of Neisseria and Capnocytophaga was signifi-
cantly higher in non-diabetics, as represented in Fig. 2. Bacterial species
observed in both groups were represented in Fig. 3. Prevotella melano-
genic, Prevotella intermedia, and Porphyromonas endodontalis were
explicitly higher in saliva samples of the diabetes group. Veillonella
parvula and Campylobacter rectus were present more in the non-diabetic
sample (p < 0.05).

4. Discussion

The present study scrutinized the microflora in the saliva of non-
diabetic and diabetic individuals using metagenomic sequencing.
Saliva samples were analyzed to examine the bacterial count and bac-
terial diversity variation in both groups. In the samples obtained from
the diabetic patients, the mean percentage of Bacteroidetes was higher
indicating an association between Bacteroides and the incidence of
periodontal diseases.'? In the present study, phylum Proteobacteria was
significantly lower (p < 0.0001) in diabetics by 1.63-fold in comparison
to non-diabetics. In a recent study by Yang et al. (2020), Proteobacteria
was the most abundant phylum in non-diabetic individuals, accounting
for forty percent of the salivary microflora, whereas it was considerably
lower in untreated diabetics.'® Several reports have

Shown the presence of Porphyromonas endodontalis in the subgingival

Relative frequency %

Genus Level

Fig. 2. Comparison of bacterial genera in diabetics and non-diabetic groups.
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Fig. 3. Comparison of bacterial species in diabetics and non-diabetic groups.

microbiota and its association with chronic periodontitis.'* Acidogenic
bacteria mainly Prevotella, Veillonella, and Leptotrichia were found to be
comparatively higher in the diabetic population of this study. The higher
abundance of Leptotrichia in diabetics in this study can be compared with
the results of a study by Wang et al. (2019), who found a significantly
elevated level of Leptotrichia in elderly Chinese residents with di-
abetics.'® The Prevotella intermedia was found to be significantly higher
(p < 0.012) in the diabetic group, and we assume the same can be related
to an increased intake of carbohydrates and retarded carbohydrate
metabolism. Elevated levels of Prevotella species have been associated
with periodontal diseases'®

4.1. Genera Lactobacillus and Streptococcus were significantly higher in
diabetics. Streptococcus

3.7 vs. 3 % in diabetics and non-diabetics, respectively. These results
were compared with another Asian study from South Thailand.'”
Several researchers have demonstrated a notable relationship between
Streptococcus mutans salivary levels and initiation of caries'®?° Lacto-
bacillus is also a distinguished organism in dental caries, and compara-
tively higher levels are discovered in the cavitated tooth. This reflects
that they are predominantly associated with and responsible for the
progressive and advanced status of caries rather than in the initiation of
the disease.?! Genera Capnocytophaga was observed to be significantly
elevated in non-diabetics and causes periodontal diseases and dental
caries in immunocompromised patients22

The present study supports the idea that hyperglycemia in Type 2
diabetes mellitus results in escalated salivary glucose levels, which de-
creases the salivary pH, thereby promoting the growth of aciduric bac-
teria. This is related to an increased risk of caries, gingivitis, and
periodontitis.” As a pioneer study on the Indian population, the current
study established the comparative microflora at the pilot level. The re-
sults could be instrumental in monitoring oral health hygiene in diabetes
patients. Furthermore, the results observed in the diabetic population in
India revealed the presence of pathogenic bacteria higher than in the
European population, and the same could be considered for healthcare
decision-making.

There are some limitations to this study. To begin, the study used a
limited sample size, and the results should merit additional research
with a larger sample size. In addition, the sample population considered
in the study represents only the northern part of India and could not be
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extended to the Nation’s characteristics. Furthermore, the study only
included those individuals who were normally healthy without any local
or systemic illness (except Type 2 diabetes). However, the polarity in
innate immunity that is conditioned on the patient’s age, gender, so-
cioeconomic status ethnic diversity, and living habitat cannot be
ignored. Lastly, diabetic participants included in our study were
controlled diabetics, and differential results concerning microbiological
profiles can be expected among patients with uncontrolled diabetes.

5. Conclusion

Bacterial sequences of phylum Bacteriodetes and Fusobacteria were
copious existence in the oral milieu of diabetic individuals, while Pro-
teobacteria existed significantly among non-diabetic individuals. In
addition, notable inhabitants of the genera Veillonella, Prevotella, Por-
phyromonas, Leptotrichia, Lactobacillus, and Streptococcus was observed in
the Indian population with diabetes. The observed microbiota popula-
tion and its association with oral hygiene and diseases will be investi-
gated in future studies.
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