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ABSTRACT

Background: More than 700 oral bacterial species have been found and together they
make out the oral microbiota. Specific species have shown to correlate with various oral
diseases such as caries and periodontitis, but also systemic diseases. Most studies have
looked at the whole microbiota but the knowledge about tooth site-specific variation
within supragingival plaque after lack of oral hygiene in healthy participants is limited.
Aim: This pilot study aimed to characterize variations in the supragingival plaque with
regards to the; anterior (incisors and canines) and posterior (molars and premolars)
teeth, upper and lower jaw, and left versus right tooth arches.

Method: After three days of accumulating plaque, supragingival tooth biofilm was
collected from 16 different tooth sites, from six healthy participants. Bacterial DNA was
extracted, and 16s rRNA gene (V3-V4) was amplified by PCR and sequenced on an
Ilumina MiSeq platform. Sequences were blasted and taxonomically allocated using
the Human Oral Microbiome Database.

Result: In summary, 50 species showed a difference between the anterior and the
posterior region, 30 species differed between the upper and lower jaw, and three
species differed between the left and right sides.

Conclusion: This study indicates a difference in oral microbiota composition in
supragingival plaque on different tooth regions. These findings emphasize the choice of
method when analyzing the oral microbiota—also highlighting the importance of
further understanding the dynamic forces driving local enrichment and reduction of

specific species.
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BACKGROUND

The oral cavity consists of over 700 different bacteria species, and together they make
out the oral microbiota (Dewhirst et al., 2010). Due to its vast range of soft and hard
tissue and its exposure to a multitude of environmental conditions, the oral cavity
provides multiple surfaces for bacteria to adhere to. Unlike soft tissue, teeth offer a
hard surface that does not naturally shred. The hard surface is covered by a thin layer
called the pellicle. The pellicle consists of proteins from the host saliva, creating a
surface to which bacteria can adhere to. Bacteria have adhesins and receptors, making
it possible to adhere to each other and the pellicle, making a biofilm referred to as
plaque (Kolenbrander et al., 2000). Depending on many complex factors the bacteria is
more or less likely to adhere and survive in the oral cavity. Factors such as: host pellicle
genetics, the property of the bacteria, environmental changes, to mention a few
(Kolenbrander et al., 2000; Lamont et al., 2018).

Oral microbiota have been shown to correlate with both oral- and systemic
health and disease. Oral bacteria and their interaction with the host is a balance
important to maintain health, an imbalance on the other hand could lead to a dysbiotic
microbiota which in turn could cause disease (Sampaio-Maia et al., 2016). Today it is
well known that oral diseases such as caries and periodontitis are associated with
specific complexes of bacteria (Lamont et al., 2018). To understand oral bacteria and
its correlation to diseases, it is essential to understand the oral microbiota in healthy
individuals, i.e., no caries in dentin and no systemic disease.

Studies have explored variations in oral microbiota inter-individually using
saliva or tooth scrapings and its maturation in the first years of life (Lif Holgerson et
al., 2020). In the past, most such studies relied on culturing and DNA probes in chip or
blotting-based methods (Tanner et al., 1997). In recent decades several multiplex
sequencing methods that allow characterization of the microbial communities, i.e.,
microbiota, have become accessible. Studies have shown a difference between the
microbiota composition on different soft tissue sites in the oral cavity in healthy
individuals, showing a diverse microbiota that is site-specific (Mager et al., 2003; Aas
et al., 2005). It is known that supra- and subgingival plaque consists of different
microbiota compositions due to these sites' environmental disparity (Welch et al.,
2016; Lamont et al., 2018). A few studies have compared site-specific microbiota in
caries-free and caries-diseased children (Gross et al., 2012; Richards et al., 2017; Pang
et al., 2021). However, studies who have evaluated tooth regional variations in the oral
cavity after lack of oral hygiene in healthy participants using a multiplex technique are
limited (Simén-Soro et al., 2013; Welch et al., 2016). Welch et al. (2016) looked at the
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structural organization within dental plaque in healthy subjects. Simén-Soro et al.
(2013) reported tooth site-specific variation in two healthy subjects and indicated
differences between different regions of the tooth arches, but the limited number of
participants restrained the estimation of population variation. The knowledge about
tooth site-specific variation within supragingival plaque is still limited (Sim6n-Soro et
al., 2013).

This pilot study aimed to characterize variations in the oral microbiota
concerning collection sites. Supragingival plaque from 16 different tooth sites in six
healthy participants were collected. 16S rRNA gene sequencing was employed to
analyze the differences or similarities in the oral microbiota composition in different
tooth regions: anterior (incisors and canines) and posterior (molars and premolars)

teeth, upper and lower jaw, and left versus right tooth arches (Figure 1).
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METHODS

Study participants

Six dental students (two men and four women born between 1981-1998) in the seventh
semester of the Dentistry program at Umea University, Umed, Sweden, volunteered
and gave their consent to participate in this study. Inclusion criteria were being able to
speak Swedish or English, having no chronic disease, no active caries in dentin, not
taking antibiotics three months prior to sampling and taking no probiotics one week
before sampling. All participants fulfilled the requirements and were considered
healthy.

Pre-sampling rules and documentations

For this study, the participants accumulated plaque for three days. Oral hygiene,
including tooth brushing, interproximal cleaning, fluoride, mouth wash, chlorhexidine
rinsing, chewing gum, and alcohol consumption, was prohibited during the
accumulation time. Products containing xylitol and probiotic bacteria were omitted one
week prior to the accumulation period. The participants were informed to keep their
daily eating, sleeping, and habitual routines during the accumulation period. Smoking
and snuff were allowed if it was an already habitual routine by the participant and
would therefore be kept identical during the whole accumulation period. All
participants kept to the instructions and had no medication treatment, flu-like
symptoms including stomach flu, fever, and changes in dietary during the

accumulation period.

Oral examination

Prior to sample collection, each participant's oral status was thoroughly examined by a
dental student and then controlled by one general dentist at the department of
cariology at Umeé university. The examination included radiographic examinations
(bitewings) taken within a year together with a clinical inspection. Findings of interest

were caries in dentin.

Sample collection

Tooth biofilm sampling was performed at Norrland’s Hospital University in Ume3,
Sweden, spring of 2021. The participants were refrained from eating and drinking
anything (apart from water) three hours before sample collection on the sampling day.
Tooth biofilm was gathered by gently scratching the supragingival tooth surface

(buccal, lingual and approximal sites) using sterile curettes. One curette per sampling
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site, the samples were as follows: first and second molar, first and second premolar,
canines, central and lateral incisors, from each quadrant, respectively, i.e., 16 curettes
per individual. Collected tooth biofilm was swirled for 10 s in 200 uL sterile ice-chilled
1omM Tris-EDTA (1xTE) solution in labelled Eppendorf tubes. Eppendorf tubes were
kept on ice and stored in a -80°C freezer until used. The participants were recoded with
a random number before analysis, ensuring that the samples could not be traced to

participants, i.e., blinded.

DNA extraction

DNA was extracted using the GenElute™ Bacterial Genomic DNA Kit (Sigma-Aldrich, St. Louis,
MO, USA) as previously described in Esberg et al., 2021. Shortly, bacterial cells were
collected by centrifugation (5 minutes at 13,000 rpm), resuspended and lysed in a
buffer with lysozyme and mutanolysin, and treated with RNase A and Proteinase K.
Lastly, the DNA was bound, washed, and eluted in 1xTE according to Sigma’s Aldrich
instruction. DNA Quality was evaluated by NanoDrop 1000 Spectrophotometer
(Thermo Fisher Scientific, Uppsala, Sweden) and quantity with Qubit 4 Fluorometer
(Thermo Fisher Scientific, Waltham, MA, USA).

Microbiota analysis

From the extracted DNA, a specific region of the 16S rRNA gene (V3-V4) was amplified
by PCR using KAPA hot start ready mix (KAPA HiFi HotStart ReadyMix (2x), United
States Wilmington, MA, USA) and the 341F (ACGGGAGGCAGCAG) forward and 806R
(GGACTACHVGGGTWTCTAAT) reverse primers (Caporaso et al., 2012). The size of
the PCR products was checked on a 0.8% agarose gel to verify the amplification of the
target region. An equal amount of amplified products were pooled and sequenced using
Ilumina MiSeq (2x300bp). Obtained raw sequences were bioinformatically processed
to remove primers and low-quality sequences (Callahan et al., 2016; Bolyen et al.,
2019). Sterile water (Milli-Q Ultrapure Water) was used as negative control and a mix
of known bacteria as a positive control. For each run, two negative and three positive
controls were used. Washed sequences were matched against the Human Oral
Microbiome Database, and identified species with >2 reads were kept and evaluated as
a proportion of the bacterial composition (Chen et al., 2010). In total, 96 samples were
sequenced (16 samples x 6 individuals). The DNA extraction and microbiota analysis

was done by expert personnel.



UMEA UNIVERSITET

Data management and statistical analyses

Data management and statistical analyses were done using the program IBM SPSS
Statistics version 27 and Microsoft Office Excel 2010. The Mann-Whitney U test was
used for group comparison, and the significance level was set to p<0,05. For
comparison of the anterior and the posterior; anterior region consists of canines and
incisors, while the posterior region consists of the first and second molar as well as the

first and second premolar.

Literature
Literature used in this study was found by MeSH-terms and free-text searching on the
international medical database PubMed. The tutor also provided literature. Searching

» &«

terms used were; “oral microbiota”, “oral microbiome”, “biofilm”, “bacteria 16s rRNA
v3-v4”, “16s rRNA gene”, “oral cavity”, “site-specific”, “dental plaque”, “oral health”,
“oral diseases”, “dental pellicle”. Only articles available in full text, written in English

were used.

Ethical reflection

The voluntary participants in question are dental students. To avoid participant
pressure, it was clarified that no special treatment or influence on the studies would
occur regardless of participation. Information about how the samples and data were
handled was communicated in writing to each participant well before the collection
began. Sample collection only took place with the individual’s consent. There was a
minimal risk that the participants would be harmed during sampling. The participants
could, at any time during the sampling period, with no further explanation, interrupt
their consent without any effect on future treatment in dentistry or in studies. Gathered
samples are anonymous and cannot be traced to any individual. To keep each
participant's integrity and because of the low number of participants, no study group
characteristics are being presented in this article. The result from this study can be
used for future studies targeting the oral microbiota. Therefore, the benefit of this study
outweighs the risk. The study, which was reviewed and approved by the Ethical Board
for student scientific studies at the Department of Odontology, Umea University,
followed the four basic principles of healthcare studies, i.e., autonomy, make no harm,
make good, and adhere to equality and justice. (Dnr 2017/450-31 with an addendum
Dnr 2018-199-32).
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RESULTS

This pilot study included six healthy individuals in the range of 23-40 years old, of
which four were women. No participant had active caries in dentin and were able to
participate in the study. All participants were assigned strict regulations for three days
before and during the plaque accumulation period. Regulations included not brushing
their teeth and not using gum or any dental products that may affect the plaque. They
were also told not to consume alcohol during this period and not to have taken
antibiotics within the previous three months, nor probiotics the previous week. In total,
96 tooth biofilm samples were evaluated for their microbiota composition. After
bioinformatic processing of the raw sequences, including removing low-quality- and
primer sequences, the forward and reverse reads were paired and taxonomically

classified against the Human Oral Microbiome Database (http://www.homd.org.)

Taxonomically classified species with >2 reads were retained and their proportion
evaluated. In total, 294 species were detected and evaluated for differences between (i)
the anterior and posterior regions, (ii) the upper- versus lower jaw, and (iii) the left and

right side of the mouth. Figure 1.

Microbiota comparison of the anterior and posterior regions

Initially, the microbiota composition of the mouth's anterior and posterior region was
compared. In total, 50 species showed a significant difference between the regions, and
the top 20 species are presented in Table 1. Of the top 20, nine species had a higher
abundance anteriorly than posteriorly, with the highest fold difference observed for
Porphyromonas gingivalis and Prevotella sp. HMT 475 (>10-fold), but also including
species like Streptococcus sanguinis (1.4-fold). Eleven species had a significantly
higher abundance posteriorly than anteriorly, with the most prominent fold difference
observed for Capnocytophaga, Stomatobactum and Atopobium species (>10-fold), but

also observed for species like Streptococcus gordonii (3.7-fold).

Comparison of the upper- versus lower jaw microbiota composition

Next, we compared the microbiota composition of the upper and lower jaw. In total, 30
species showed to be significant, and the top 20 species are presented in Table 2. Of the
top 20, twelve species showed an increased abundance in the upper jaw e.g.,
Alloprevotella sp. HMT 473 and Oribacterium sinus (>10-fold), but also including
Streptococcus gordonii (2.9-fold). Eight species had a significantly higher abundance

in the lower jaw with the most observed change in the species Bacteroidales [G-2]
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bacterium HMT 274, Aggregatibacter aphrophilus, and Campylobacter rectus (>10-

fold), but also shown for e.g., Streptococcus sanguinis (2.3-fold).

Microbiota of the left and right side of the mouth

Finally, the microbiota composition of the left versus right side of the mouth was
compared. Three species displayed significant differences, presented in Table 3.
Granulicatella elegans showed significantly higher abundance on the left side, whereas

Leptotrichia sp. HMT 223 and Capnocytophaga sp. HMT 864 on the right side.
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DISCUSSION

Summary - This pilot study aimed to evaluate bacterial composition in supragingival
plaque relative to tooth- or oral regions. More specifically, the anterior (canines and
incisors) versus posterior (molars and premolars), upper versus lower jaw, and left
versus right side, were compared (Figure 1). The abundance of each bacterial specie in
each sample was compared using the non-parametric Mann-Whitney U test. In
summary, 50 species showed a difference between the anterior and the posterior
region, 30 species differed between the upper and lower jaw and three species differed
between the left and right sides. This highlights a likely global change in the microbiota
composition with respect to the anterior versus the posterior part of the oral cavity, and
to a lesser extent, the upper versus lower jaw. The limited differences between the left

versus right side suggest no global change, instead temporary or sporadic alterations.

Compared to other studies - Sreenivasan et al., (2017) discovered site-specific
bacterial compositions comparing anterior and posterior teeth surfaces. Concluding
that posterior parts of both arch and/or the entire tooth, as well as approximal
vestibular surfaces, obtained more plaque compared to anterior teeth and mid-
vestibular regions. Additionally, their study indicated that molar and lingual regions
adhere more plaque than anteriorly. However, current study analyzed the proportion of
bacteria and thereby evaluated the composition of the plaque. These two studies
together suggest that both the amount and composition differ between the anteriorly
and posteriorly regions.

Another study (Simo6n-Soro et al., 2013), looked at bacterial composition in
samples from supragingival plaque and from the gingival sulci in two individuals. They
found surface-specific differences in bacterial composition e.g., a more similar
composition was found in quadrant three and four than in one and two. They also
found that composition varied between the upper and lower jaw. This study supports
site-specific bacterial differences in the mouth within the individual tooth and between
teeth in supragingival plaque. However, due to the limited number of participants the
study did not allow comparison of individual bacterial species.

Sreenivasan et al., (2010) also suggested regional differences for plaque
composition between anterior versus posterior regions in the mouth. Although, this
study does not use multiplex sequencing or specify microbiota composition, rather
measured viable bacteria under anaerobic conditions in 37 degrees. Overall, this

suggested anterior/posterior differences; here we have confirmed on a species level

10
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resolution an anterior and posterior difference. Altogether, rather few studies have

studied regional and tooth specific differences.

What could be the driving force of change?

Chewing cycles and patterns, tongue, lips, and speech - The anterior incisors are used
to bite off food, and the premolars and molars are used to grind the food, making the
posterior region the most active part of the masticatory pattern (Okeson, 2013, ch.2).
Lips help the food stay in the mouth. Bucca and tongue help direct the food to the
occlusal surfaces to grind it during the chewing stroke. The tongue wipes clear the teeth
of access to food after swallowing (Okeson, 2013, ch.2). The knowing movement during
mastication of lips, tongue, and bucca, together with the chewing pattern, might be a
factor in the differences between the anterior and the posterior region and the upper
and lower jaw. Believing the movements to affect the shredding of plaque and its
composition, however, no studies to prove this was found.

Oxygen - Oxygen reaches mainly the outmost part of the supragingival plaque.
Bacteria are often divided into aerobes, facultative aerobes, and anaerobes, depending
on how well they survive oxidative stress. Therefore, access to oxygen metabolism is
directly related to the biofilm’s characteristics (Re, 1995). Knowing this, the anterior
teeth might have an increased access to oxygen by being closer to the outside
environment than the posterior teeth. However, this study does not characterize
individual species ability to cope with oxygen.

Saliva and salivary glands - Saliva plays an important role in maintaining oral
health. To mention a few functions of saliva; neutralizing pH, remineralize tooth
surface and clear the oral cavity of acid and sugar. It also clears bacteria both
mechanically and via antimicrobial agents such as proteins, peptides, and enzymes
(Scannapieco, 1994). There are three major salivary glands: Parotid, Sublingual and
Submandibular. The Parotid gland discharges close to the buccal side of the secondary
maxillary molar and secretes serous (protein rich and low viscous) saliva, and is the
primary gland to produce amylase- enzyme which decomposes starch and inhibits
several bacterial species to grow. The sublingual gland discharges from the lingual
sulcus and secretes a more mucus (higher viscous) saliva. In contrast, the
submandibular gland discharges at the side of the lingual frenulum, creating a
combination of serous and mucous saliva (Scannapieco, 1994). Studies have shown that
when stimulated, saliva has a higher velocity and thereby a greater clearance of acid
and sugar on the lingual sites of the teeth and lowest on the buccal sites, except for the

buccal sites of the maxillary molars, where parotid glands discharge (Dawes, 2008).

11
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Saliva could be one explanation to the differences found between the anterior and
posterior region and the upper and lower jaw.

Anatomy of individual teeth - Bacterial colonization are commonly found in
places difficult to brush or interproximal cleaning including pits, fissures,
crowding/contact points, in/under filling joints (dental work), retainers and other
artifacts. Pits and fissures occur on molars and premolars, whilst crowding is more
common between incisors and canines. These areas have a likely reduced flow or access
of saliva and oxygen, potentially enriching anaerobic and acid-tolerant bacterial species
(Re, 1995). Mineralization defects, fluorosis, root surface or dentine exposure have a
higher sensitivity to e.g., acid-producing bacteria, therefore also caries (Abou et al.,
2016). Tooth surfaces substituted with restorative materials (e.g., composite fillings)
are more likely to adhere and accumulate plaque compared to enamel due to surface
quality differences (Litonjua et al., 2012). Food may also be more frequently trapped in
specific regions (anatomic features) impacting growth and microbiota composition. It
would be interesting to look further into local differences between the participants and
its potential correlation to microbiota composition. But due to limitations of this study

we have not looked closely into this.

Strengths and limitations - This study involved six participants which is a
limitation; however, this allowed for collection of multiple sites per participant and in
total this study involves 96 tooth biofilm samples. Due to the limited number of
subjects used here, our study analysis was performed on group level and not the
individual level; thus, species carried by a limited number of participants may be
influenced. The limited number of participants could also risk the potential of one
individual driving the result. The participants were all students from a dental school
which could affect, e.g., oral health, lifestyle and food selection (maybe preferably non-
cariogenic food); however, the impact on the results is unclear. Given the participant's
dental knowledge about what can affect plaque accumulation, instructions given were
likely to be followed more precisely compared to a potential participant who may not
have had this knowledge.

In this study, three days of plaque accumulation were chosen, as this gives the
biofilm more time to adapt to local, oral conditions and bacterial partners. However,
plaque accumulation time may influence the results as species proportions may

fluctuate during biofilm maturation.

12
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Another limitation could be that periodontal pockets were not registered with
the argument that only supragingival plaque was collected; however, pocket depths and
gingivitis cannot be excluded in affecting supragingival plaque formation.

This study analyzed proportion of bacterial species rather than absolute
abundance to reduce the risk and influence of the amount of plaque collected,

potentially providing a more comparable result.

Conclusions - The present pilot study supports overall regional microbiota
differences in supragingival plaque but also highlights specific species. This study
illustrates in some cases larger differences between regions than the authors expected,
however these findings need to be repeated in a larger independent sample. This study
may also shed light on the importance of the method used for collecting tooth biofilm
samples linked to a research aim. For example, caries or periodontal studies may favor
specific sites instead of pooling tooth surfaces. The target species of interest may
therefore in some cases be missed because the main part of the sample would represent
healthy sites. For clinical and individual use this study shows that some tooth sites may
require greater focus to notice, examine, and clean, compared to other regions that are
relatively freely accessible. To further understand the oral cavity dynamic features on
the microbiota composition and selection/exclusion may potentially contribute to
further treatment tools/plans. For example, to further understand why P. gingivalis, a
known periodontal associated bacterium, is observed >10-fold more in the anterior part

of the mouth is interesting, but to do this more research is required.
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TABLES

Table 1. Bacterial abundance differences between anterior and posterior region of the mouth. Presented are mean and 95% confidence
interval (95%CI) of the top 20 bacteria with the lowest p-value. P-value was set to <0.05. Bacterial abundance was compared using Mann-
Whitney U test. Within the top 20 species, nine had a higher abundance in the anterior region, see bold in left section, and eleven in the
posterior region, see bold in right section. Species in each section is presented from lowest p-value to highest.

Anterior Posterior
mean (95%CI) ‘mean (95%CI) P-value

Species
Species increased in the anterior part

Aggregatibacter paraphrophilus 3.86E-03 (1.70E-03 - 6.03E-03) 1.98E-03 (-1.46E-04 - 4 10E-03) 1.9E-04
Selenomonas sp. HMT 892 5.11E-04 (2.18E-04 - 8.04E-04) 1.27E-04 (-6.74E-05 - 3 20E-04) 0.001
Saccharibacteria (TM7) [G-1] bacterium HMT 952 2.02E-03 (9.78E-04 - 3.07E-03) S27E-04 (3.90E-05 - 1.02E-03) 0.005
Porphyromonas sp. HMT 930 3.60E-04 (1.45E-04 - 5.75E-04) 5.93E-05 (-8.98E-06 - 1 28E-04) 0.006
Prevotella sp. HMT 475 1.33E-04 (1.53E-05 - 2.50E-04) 6.66E-06 (-6.74E-06 - 2.01E-05) 0.008
Streptococcus sanguinis 6.23E-02 (5.23E-02 - 7.23E-02) 4.59E-02 (3.85E-02 - 5.34E-02) 0.009
Alloprevotella sp. HMT 473 1.73E-03 (4.88E-04 - 2.98E-03) 1.85E-04 (3.27E-05 - 3.37E-04) 0.011
Porphyromonas gingivalis 3.09E-05 (5.87TE-06 - 5.60E-05) 0.00E+00 (0.00E+00 - 0.00E+00) 0.012
Capnacytophaga leadbetteri 3.44E-02 (2.55E-02 - 4.34E-02) 2.02E-02 (1.26E-02 - 2.79E-02) 0.013
Species increased in the posterior part
Streptococcus gordonii 1.16E-02 (7.70E-03 - 1.55E-02) 4.27E-02 (2.96E-02 - 5.58E-02) 35E-07
Veillonella parvula 2.51E-02 (2.03E-02 - 2.99E-02) 3.97E-02 (3.48E-02 - 4.46E-02) 6.5E-05
Leptotrichia hongkongensis 2.75E-03 (1.62E-03 - 3.88E-03) 1L34E-02 - (7.74E-03 - 1.90E-02) 1L1E-04
Leptotrichia sp. HMT 215 3.78E-03 (2.89E-03 - 4. 67E-03) 7.14E-03 (5.68E-03 - 8.61E-03) 2.4E-04
Campvlobacter gracilis 5.87E-04 (1.55E-04 - 1.02E-03) 1.53E-03 (9.19E-04 - 2.13E-03) 0.001
Peptidiphaga sp. HMT 183 5.5TE-05 (7.73E-06 - 1.04E-04) 3.10E-04 (1.63E-04 - 4.58E-04) 0.001
Fusobacterium nucleatum subsp. animalis 2.19E-04 (-2.22E-04 - 6.60E-04) 1.46E-03 (-1.02E-04 - 3.02E-03) 0.003
Stomatobaculum sp. HMT 097 9.34E-05 (3.32E-05 - 1.54E-04) 1.09E-03 (4.91E-04 - 1.69E-03) 0.003
Capnocytophaga haemaolvtica 0.00E+00 (0.00E+00 - 0.00E+00) 1.44E-04 (-6.32E-05 - 3.51E-4) 0.003
Atopobium parvulum 2 40E-05 (-3.61E-06 - 5.16E-05) 2.73E-04 (5.82E-05 - 4.87E-04) 0.006
Selenomonas nexia 7.10E-04 (6.20E-05 - 1.36E-03) 1.20E-03 (4.96E-04 - 1.91E-03) 0.012
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Table 2. Bacterial differences between upper and lower jaw. Presented are mean and 95% confidence interval (95%(CI) of the top 20
bacteria with the lowest p-value. P-value was set to <0.05. Bacterial abundance was compared using Mann-Whitney U test. Within the
top 20 species, twelve had a higher abundance in the upper jaw, see bold in left section, and eight in the lower jaw, see bold in right
section. Species in each section is presented from lowest p-value to highest.

Upper jaw Lower jaw

Species mean (95%CI) mean (95%CI) P-value

Species increased in the upper jaw
Streptocaccus gordonii 4.01E-02 (2.80E-02 - 5.22E-02) 1.42E-02 (6.95E-03- 2.15E-02) 1.5E-08
Fusobacterium periodonticum 9.98E-03 (7.64E-03 - 1.23E-02) 6.35E-03 (3.93E-03 - 8.77E-03) S.1E-04
Leptotrichia sp. HMT 215 6.42E-03 (5.27E-03 - 7.57E-03) 4.50E-03 (3.10E-03 - 5.90E-03) 0.002
Alloprevotella sp. HMT 473 1.79E-03 (5.47E-04 -3.03E-03) 1.30E-04 (6.61E-06 - 2.53E-04) 0.003
Stomatobaculum sp. HMT 097 8.31E-04 (3.31E-04 - 1.33E-03) 3.52E-04 (-2.76E-05 - 7.32E-04) 0.004
Veillonella parvula 3.T1E-02 (3.24E-02 - 4.18E-02) 2.77TE-02 (2.22E-02 - 3.32E-02) 0.005
Veillonella rogosae 9.09E-04 (3.36E-04 - 1.48E-03) 1.34E-04 (-1.20E-05 - 2.80E-04) 0.007
Gemella sanguinis 1.04E-03 (4.07TE-04 - 1.67E-03) 3.00E-04 (4.13E-05 - 5.58E-04) 0.009
Leptotrichia sp. HMT 221 9.16E-04 (3.79E-04 - 1.45E-03) 1.65E-04 (1.32E-05 - 3.16E-04) 0.012
Neisseria flavescens 3.46E-04 (2.85E-05 -6.63E-04) 0.00E+00 (0.00E+00 - 0.00E+00) 0.012
Oribacterium sinus 5.85E-05 (5.75E-06 - 1.11E-04) 3.08E-06 (-3.11E-06 - 927E-06) 0.014
Capnocytophaga gingivalis 4.39E-02 (3.33E-02 - 5.45E-02) 321E-02 (2.26E-02 - 4.17E-02) 0.037

Species increased in the lower jaw
Bergeyella sp. HMT 322 6.96E-03 (6.09E-03 - 7.82E-03) 1.59E-02 (1.32E-02 - 1.86E-02) 2.0E-09
Streptocaccus sanguinis 4.24E-02 (3.56E-02 - 4 91E-02) 6.59E-02 (5.60E-02 - 7.5TE-02) TAE-05
Bacteroidales [G-2] bacterium HMT 274 5.21E-05 (-1.70E-05- 1.21E-04) S5.73E-04 (1.14E-04 - 1.03E-03) S.1E-04
Aggregatibacter aphrophilus 8.42E-05 (-6.87E-06 - 1.75E-04) 4.43E-03 (-8.48E-04 - 9.70E-03) 72E-04
Campvlobacter rectus 1.40E-03 (8.32E-04 - 1.97E-03) 2.92E-03 (2.08E-03 - 3.77E-03) 0.009
Leptotrichia sp. HMT 225 1.56E-03 (7.18E-04 - 2. 41 E-03) 5.65E-03 (2.16E-03 - 9.15E-03) 0.016
Leptotrichia sp. HMT 212 9.82E-03 (7.19E-03 -1.25E-02) 1.62E-02 (1.25E-02 - 1.99E-02) 0.018
Prevotella saccharolytica 1.78E-04 (-7.20E-05 - 4 28E-04) 3.67TE-04 (1.81E-04 - 5.54E-04) 0.019
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Table 3. Comparison of bacterial abundance between the left and right side of the mouth. Presented are mean and 95% confidence
interval (95%CI) of the species with a p-value <0.05. Bacterial abundance was compared using Mann-Whitney U test. Three species
showed a significant difference, one had a higher abundance in the left side, see bold in left section, and two in the right side, see bold in
right section. Species in each section is presented from lowest p-value to highest.

Left Right
Species mean (95%CI) mean (95%CI) P-value
Species increased in the left side of the mouth
Granulicatella elegans 4.24E-05 (-9.76E-06 - 9.47E-05) 2.09E-04 (3.53E-05 - 3.82E-04) 0.007
Leptotrichia sp. HMT 223 2.51E-04 (1.31E-05 - 4.90E-04) L10E-05 (-1.11E-05 - 3.31E-05) 0.046
Species increased in the right side of the mouth
Capnocytophaga sp. HMT 864 1.26E-03 (4.91E-04 - 2.04E-03) 3.48E-04 (1.04E-04 - 5.93E-04) 0.049
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Figure 1. Study design and aims.

The three aims of this study. Left: aim 1, anterior vs. posterior region. Anterior includes incisive
and canines and posterior include premolars together with first and second molar, in both upper
and lower jaw. Middle: aim 2, upper vs. lower jaw. Right: aim 3, left vs. right side, dividing the

oral cavity into left and right side with the cutoff between the central incisors.
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