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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease that usually affects older indi-
viduals. Owing to the higher incidence of root caries and missing teeth in elderly individuals, the
bacteria involved in these dental concerns might potentially deteriorate their cognitive function.
Altered microbiota in the oral cavity may induce neuroinflammation through migration from the
oral cavity to the brain. However, the correlation between the composition of the oral microbiota
and neurodegenerative disease remains unclear. In this study, we evaluated sequence to determine
the relative abundance and diversity of bacterial taxa in the dental plaque of elderly patients with
AD and controls. Oral samples; the DMFT index; and other clinical examination data were collected
from 17 patients with AD and 18 normal elderly individuals as the control group. Patients with
AD had significantly more missing teeth and higher dental plaque weight but lower microbial
diversity than controls. Significantly increased numbers of Lactobacillales, Streptococcaceae, and Firmi-
cutes/Bacteroidetes and a significantly decreased number of Fusobacterium were observed in patients
with AD. In conclusion, using the PacBio single-molecule real-time (SMRT) sequencing platform to
survey the microbiota dysbiosis biomarkers in the oral cavity of elderly individuals could serve as a
tool to identify patients with AD.

Keywords: oral microbiota; Alzheimer’s disease; plaque/plaque biofilms; oral health; dental hygiene;
neuroscience/neurobiology

1. Introduction

Alzheimer’s disease (AD) is a type of dementia that usually occurs in elderly individu-
als [1]. The symptoms of AD include cognitive decline, especially evident in memory deficit,
communication problems, impaired performance of daily life activities, and behavioral and
psychological symptoms. The main cause of AD is accumulation of the insoluble fragments
of amyloid β in the extracellular plaques and tau protein in the intracellular neurofibrillary
tangles in the brain [2]. Several risk factors, including aging, sedentary lifestyle, nutritional
deficiency, and genetic variation, have been reported to contribute to the pathogenesis of
AD [3]. Advances in technology have enabled identification of the early stage of the disease
through invasive or radioactive examinations such as cerebrospinal fluid examination,
which entails lumbar puncture and amyloid positron emission tomography.
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Although compelling evidence has demonstrated that having a relatively high num-
ber of missing teeth is associated with a higher risk of both dementia and mild cognitive
impairment among elderly individuals [4], the actual cause of this association is unclear.
The imbalance of microbiota composition in the gut could lead to dysbiosis in the host and
induce the development of AD through the gut–brain axis [5]. There are three types of
dysbiosis which often occur simultaneously including (1) loss of beneficial organisms, (2)
excessive growth of potentially pathogenic bacteria, and (3) reduction in total microbial
diversity [6]. Proinflammatory cytokines and interleukins are secreted and promote neu-
roinflammation, facilitating the invasion of the brain by potential pathogens through blood
circulation [7]. However, the microbiota composition in patients with AD has not been
fully investigated and characterized. A few recent studies have shown that oral microbiota
may be associated with AD owing to the shorter route to the brain than that through the
gut. For example, Dominy et al. [8] discovered that Porphyromonas gingivalis, which is a
keystone pathogen of periodontitis in the brain of patients with AD, produces neurotoxic,
proteolytic enzymes of the gingipain family and passes through the blood–brain barrier
(BBB) from gingival ulceration. Consequently, tumor necrosis factor-α as well as a proin-
flammatory cytokines (interleukin IL-1β, IL-6, or IL-8) are secreted by potential bacteria
such as Porphyromonas gingivalis or Streptococcus mutans, eventually causing neuroinflam-
mation and neurodegeneration via the bloodstream [9]. Therefore, poor oral health with
unbalanced oral microbiota has a major effect on neuroinflammation and induces further
neurodegeneration [10,11].

Oral microbiota research has attracted attention over the last decade. In the past,
microbial communities were examined after DNA extraction and polymerase chain re-
action (PCR) amplification for periodontal diseases and in cases of oral squamous cell
carcinoma [12,13]. Next-generation-sequencing (NGS) platforms such as Illumina’s Solexa,
Hiseq Miseq, or the Roche 454 sequencing system [14], provide different regions of 16S
rDNA sequencing by generating millions of reads. Studies have used saliva [15,16], subgin-
gival plaque [17], and supragingival [18,19] plaque and investigated in the specific target
region (i.e., V1–V2, or V3–V4) rather than the full-length region (V1–V9). However, a limita-
tion of the NGS platform is that it generates sequences measuring approximately 100 bp to
500 bp in length for reads rather than 1–3-kb-long base pairs, leading to low-quality data.

Third-generation sequencing technology with the PacBio sequencing platform (PacBio
SMRT; Pacific Biosciences of California, Inc., Menlo Park, CA, USA) was recently designed
for accurate analysis of the composition of microbial communities [20]. This technique
uses a single-molecule real-time (SMRT) method for sequencing and is able to generate
long reads over 10,000 bp. Another advantage of this method is that it enables resolution
of operational taxonomic units (OTUs) and helps uncover pathogenic variants from the
V1–V9 hypervariable regions. This technique has an average error rate lower than 1%
after annealing with the SMRTbell adapter, and the single-molecule consensus sequence
is then generated. A disadvantage of this technology is the high cost compared with the
traditional NGS technologies. Thus far, few studies have investigated the oral microbial
diversity and community in the elderly population by using the PacBio SMRT platform.

Although some of studies have investigated the possible link between poor oral
hygiene and AD, whether potential pathogens such as Streptococcus mutans [21,22] and
P. gingivalis [8,23] are plausible risk factors for amyloidosis remains controversial. In this
study, we used third-generation sequencing technology to characterize the oral microbiota
from dental plaque samples of patients with AD and normal elderly individuals as the
controls. The oral microbiota was characterized to identify the association between specific
microbiota composition and AD.

2. Materials and Methods
2.1. Sample Collection

Dental plaque samples were collected from 17 patients with AD and 18 controls with-
out AD. The plaque was collected by a trained dentist with periodontal curettes (Gracey
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curette. Hu-Friedy, USA) from the tooth’s supra-gingival surfaces without activating it
on the tooth’s buccal and lingual/palatal at all teeth [24,25]. All participants were all
middle-class native Taiwanese. AD was diagnosed by neurologists based on the National
Institute on Aging and Alzheimer’s Association criteria [26]. Elderly individuals who
visited dental clinics for dental health check-ups and had no cognitive complaints were
considered controls. The major exclusion criteria in this study included confounding neuro-
logical (e.g., Parkinson syndrome) diseases, oral cancer diseases (e.g., OSCC, osteosarcoma,
and salivary gland cancer), and antibiotic administration within the previous two months.
AD participants underwent an oral health status check and were assigned scores based
on their cognitive and functional activity, which was assessed through tests such as the
Clinical Dementia Rating (CDR) scale, Sum of Boxes (SOB), and Mini–Mental State Exami-
nation (MMSE). The number of teeth and the Decayed, Missing, and Filled Teeth (DMFT)
index were also assessed. The DMFT index represents the caries experience and status
of an individual. Additionally, dental plaque weight was measured by digital electronic
microbalance. The study protocol was approved by the Taipei Medical University Joint
Institutional Review Board (Approval No. N201802070).

2.2. Metagenomic DNA Extraction

Genomic DNA was extracted using a GenElute Bacterial Genomic DNA Kit (Sigma-
Aldrich, St. Louis, MO, USA). Each dental plaque sample was treated according to the
manufacturer’s protocol of bacterial preparation. The final samples were added to collec-
tion tubes with elution solution (10 mM Tris-HCl, 0.5 mM EDTA, pH 9.0) for 16S amplicon
sequencing. Next, the extracted DNA concentrations were measured using Nanodrop 2000
(Thermo Fisher Scientific, Waltham, MA, USA) and stored at −20 ◦C until the next analysis.

2.3. Library Construction and Sequencing

The diversity of the bacterial communities associated with dental plaque was analyzed
using SMRT PacBio sequencing technology (Pacific Biosciences, Menlo Park, CA, USA).
The full-length 16S rDNA sequence was amplified using the bacterial-specific universal
PCR primer 27F and 1492R, following the manufacturer’s instructions. The final products
were purified using AMPure PB beads (Agencourt, Beverly, MA, USA; Part Number PB100-
265-900) and assessed using a Qubit 2.0 Fluorometer and a Qubit dsDNA HA Assay Kit
(Thermo Fisher Scientific).

2.4. PacBio Sequencing Data Analysis

The raw reads were processed using pbccs (v.3.4.0) in the SMRT Link Analysis v6.0.0,
which generated consensus sequences with low error rates. The sequence data were
processed using the QIIME version 1.9.0. OTUs were picked using mothur v.1.39.5, with
97% identity. Chimera sequences were identified using UCHIME v4.2 with the Gold
database and by creating an OTU table [27]. The microbial analyses of our samples were
based on the Human Oral Microbiome Database (www.HOMD.org accessed on 23 July
2020) and 16S RefSeq Version 15.2 database [28]. To avoid biases generated by unequal
depth of sampling, the OTU table was rarefied to an even depth of approximately 10,000
sequences per sample. After the sequencing data were rarefied, four different metrics were
calculated for alpha diversity: “Observed species” estimated the amount of OTUs found in
each sample, “Chao1” estimated the richness of the species, “Shannon index” calculated
the entropy, and “Unweighted Pair Group Method with Arithmetic Mean,” which is a
simple agglomerative from the bottom-up hierarchical clustering method, was used for
classification of samples based on their pairwise similarity.

Linear discriminant analysis effect size (LEfSe) was used as a tool to find biomarkers
of accessible bacteria between patients with AD and controls by using relative abun-
dance [29]. The effect size was estimated through linear discriminant analysis (LDA) in
different groups, and each LDA bar length was represented by a log10 transformed LDA
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score. LEfSe identified discriminative features (LDA score ≥2) with significantly varying
relative abundance.

3. Results
3.1. Participants and Their Oral Health Status

A total of 35 participants (17 patients with AD and 18 elderly controls) were recruited
in this study. Table 1 shows the background and dental information of the participants
in each group. The average age of the patients with AD was 77.9 years and that of the
controls was 65.2 years, with no statistically significant difference. In the AD group, the
average CDR and MMSE scores in the cognitive assessment were 1 and 14, respectively. In
addition, the number of missing teeth and dental plaque weight were significantly higher
in the AD group than in the control group. However, no statistically significant difference
in the DMFT index was identified between the groups.

Table 1. Characteristics of patients with Alzheimer’s disease (AD) and elderly controls.

Basic Profile Patients with AD Elderly Controls

Sample size, N 17 18

Male: Female 6: 11 6:12

Age, years 77.9 ± 10.5 65.2 ± 24.6

CDR, score 1.0 (0.5–2.0) -

CDR-SB, score 7.0 (3.0–12.0) -

MMSE, score 14 (6.0–21) -

Decayed, Missing, and Filled Teeth (DMFT) index 17 (12–26) 21 (16–22)

Number of decayed teeth 2 (1–3) 2 (1–3)

Number of missing teeth 10 (5–19) * 5 (3–11)

Number of filled teeth 4 (3–9) 9 (4–12)

Dental plaque weight, g 0.05 * (0.02–0.07) 0.02 (0.02–0.04)
* p < 0.05 by two-tailed t-test or Mann–Whitney U test, where appropriate. Number of missing teeth and dental
plaque weight were significantly larger in the AD group than in the control group (* p < 0.05). Clinical Dementia
Rating (CDR) score, CDR-SB (CDR–Sum of Boxes), and MMSE (Mini–Mental Status Examination) scores were
listed in the AD group.

3.2. Decreased Oral Microbial Diversity in AD Group

Approximately 10,000 valid unique tags remained in the two groups after quality
trimming and filtering (Table 2). The Good’s coverage value was above 99.6% in these two
groups, indicating that the sequencing depth was sufficient to observe the oral bacterial
communities in patients with AD. The unique tags and number of OTUs were significantly
lower in the AD group than in the control group (p < 0.05). In addition, the indicators
of alpha diversity, including Simpson reciprocal and Shannon indices, representing the
level of diversity also showed that the oral microbiota diversity in the AD group was less
than that in the controls, as shown in Figure 1A. The alpha rarefaction curve was plotted
as the number of distinct OTUs versus the number of sequences to estimate the species
richness of the oral microbiota, as shown in Figure 1B. The representation in Figure 1B
agrees with the indicators of diversity from Table 2, demonstrating that the overall oral
microbial diversity in the AD group tended to be lower than that in the control group.
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Table 2. Number of unique tags, operational taxonomic units (OTUs), Good’s coverage, and alpha
diversity estimates of oral bacterial communities in the AD and control groups.

Group Patients with AD Elderly Controls

Unique tags 8659 ± 1792 * 10,486 ± 2637

No. of OTUs 5569 ± 1115 * 6696 ± 1666

Good’s coverage 0.996 ± 0.002 0.997 ± 0.001

Richness index Chao1 227.94 ± 61.47 236.04 ± 42.65

Diversity index
Shannon 5.38 ± 0.97 5.64 ± 0.51

Simpson reciprocal 26.59 ± 12.78 29.47 ± 11.56
* p < 0.05 by two-tailed t-test.

Figure 1. (A) Shannon and Simpson indices were used to estimate the level of diversity of the oral microbiota (data shown
as the mean ± SD). (B) Alpha rarefaction curves were used to estimate the observed species of the oral microbiota of the AD
and control groups.
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3.3. Taxonomic Classification of OTUs at Phylum and Order Level

The predominant taxa from the dental plaque samples of oral microbiota in the AD
and control groups at the phylum and order levels are shown in Figure 2. At the phylum
level, the proportion of Firmicutes and the ratio of Firmicutes and Bacteroidetes (F/B ratio)
were significantly increased in the AD group compared with the control group, but the
proportions of Fusobacteria and Bacteroidetes were decreased (Figure 3A). An F/B ratio
greater than 1 represents systemic inflammation [30]. At the order level, the proportion
of Lactobacillales was significantly increased in the AD group compared with the control
group. A significantly enriched relative abundance of Actinomycetales and Veillonellales
was observed in the AD group. By contrast, Fusobacteriales and Cardiobacteriales were
significantly decreased in the AD group compared with the control group (Figure 3B).

3.4. Taxonomic Classification of OTUs at Family and Genus Level

At the family level, members of Lactobacillaceae, Streptococcaceae, Actinomycetaceae,
and Veillonellaceae were prevalent in the AD group, whereas enriched populations of
Fusobacteriaceae, Cardiobacteriaceae, and Porphyromonadaceae were observed in the control
group (Figure 4A). At the genus level, the representation of many genera differed in the
AD group from the control group, with Fusobacterium, Cardiobacterium, and Porphyromonas
decreased and Lactobacillus, Streptococcaceae, Actinomycetaceae, and Veillonella enriched in
the AD group compared with control group (Figure 4B).

Figure 2. Average bacterial profile of OTUs of oral dental plaque in oral microbiota from the AD and control groups shown
by the (A) phylum level bar plot (B) order level bar plot.
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Figure 3. Comparison of relative abundance at the oral bacterial (A) phylum and (B) order levels in the AD and control
groups. * p < 0.05 and ** p < 0.01 respectively, using Mann–Whitney U test.
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Figure 4. Comparison of relative abundance at the oral bacterial (A) family and (B) genus levels in the AD and control
groups. * p < 0.05 and ** p < 0.01 respectively, using Mann–Whitney U test.

3.5. Differentially Abundant OTUs in LEfSe Algorithm Analysis

To identify the specific bacterial taxa of oral microbiota related to the AD group, we
compared the microbial composition of the two groups by using the LEfSe method. A
cladogram representative of the oral microbiota structure and the predominant bacteria
is shown in Figure 5A, where the largest differences in the taxa represented in the two
communities are displayed. Members of bacterial taxa belonging to Bacilli, Firmicutes,
Lactobacillales, Shuttleworthia, Streptococcaceae, and Streptococcus increased in the AD group,
and those of Porphyromonadaceae, Fusobacterium, Alloprevotella, and Cardiobacterium were
enriched in the control group, and thus, these could be used as biomarkers for discrimina-
tion between the groups. The LDA bar graph (log 10) for discrimination is presented in
Figure 5B.
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Figure 5. Linear discriminant analysis effect size (LEfSe) was used to identify the most differentially abundant taxa in
the AD and control groups (A) Taxonomic cladogram of the 16S sequences. The brightness of each dot is proportional to
its effect size. (B) The taxa that were abundantly found in the elderly control group are indicated with a negative linear
discriminant analysis (LDA) score (red), and AD group with a positive score (green). Only the taxa that met a significant
LDA threshold value of > |± 3| are shown.

3.6. Correlation between Oral Health and Oral Microbiota in AD

Although neurodegeneration and neuroinflammation are known to influence the
imbalance in microbiota changes, the association between oral health, microbiota remains
ambiguous in AD. In an attempt to resolve this issue, we found that the changes in the
CDR and in the decayed index (Rs = 0.605, p < 0.05), and CDR and dental plaque weight
correlated positively (Rs = 0.539, p < 0.05). In addition, changes in the CDR–Sum of Boxes
(CDR-SB) was moderate correlated to the changes in the DMFT index (Rs = 0.538, p < 0.05).
There was a strong correlation between changes in the DMFT index and in the proportion
of Firmicutes (Rs = 0.679, p < 0.05). Overall, there is a moderate positive correlation between
the bad oral condition and cognitive deficits.

4. Discussion

Through this investigation, we aimed to evaluate the full-length of a 16S rDNA PacBio
SMRT sequence to determine the relative abundance of bacterial taxa from the dental
plaque of elderly patients with AD. This platform used in this study generated reads
longer than 10 kb and could detect superior taxa at different taxonomic levels. It can
provide more reliable results regarding the oral microbial community than the previous
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short-read-length studies could [31] and a quick method to differentiate the oral bacterial
composition between patients with AD and controls; although, it is not as cost-effective
as other tests [12]. The oral microbiota is the second most diverse community after the
gut microbiota in the human body [32]. In the present study, lower diversity of the oral
microbiota indicated dysbiosis in the oral cavity among patients with AD. Previous studies
have reported that dysbiosis of the oral microbiota also changes the gut microbiota of the
host in patients with obesity [33] and liver diseases [34,35]. The proportion of cariogenic
bacteria Lactobacillale and Streptococcaceae increased in patients with AD (Figure 3B). These
pathogenic bacteria in the oral cavity cover a shorter distance to reach the brain than the
gut bacteria in the colon do; the shorter distance might interfere with their invasion of the
brain [36]. Pathogens from chronically infected sites near the brain are able to penetrate the
BBB and easily invade the brain, contributing to neuroinflammation. However, the exact
mechanisms of this route of infection are still unclear at present.

The missing teeth count was significantly higher in patients with AD. A high root
caries rate and missing teeth are typically correlated with an increased number of oral
bacteria [37,38]. As per microbial infection theory, some bacteria can cause tissue inflam-
mation, leading to neuronal death [39]. Another theory has proposed that masticatory
reduction can increase the risk of dementia [40]. One study also showed that root caries
were associated with tooth loss and influenced the general health of elderly individuals;
hence, it is important that dentists take care of these issues [41]. Documenting the natural
history of individual teeth and when and why they were lost would facilitate the under-
standing of the correlation between tooth loss and the development of AD. One study
revealed an approximately 80% incidence of root surface caries among adults aged over
65 years [42]. We also found similar results with a moderate correlation between tooth
loss and the presence of cariogenic bacteria Firmicutes. The phylum Firmicutes might be
used as a potential diagnostic biomarker based on the results of other studies that also
surveyed gut microbiota and found the same relationship between AD and Firmicutes in
feces [22]. These studies pointed out the importance of determining the mechanism of
the effect of microbiota on the pathogenesis of AD. Further, owing to their significantly
greater incidence of teeth loss, patients with AD might have a higher mortality rate than
that of other elderly individuals [43]. Moreover, a higher F/B ratio (>1) implicated a
higher relative proportion of Firmicutes than Bacteroidetes, which may also reflect the imbal-
ance of the oral cavity microbiota in AD. A higher F/B ratio indicates increased systemic
inflammatory response [44] due to the secretion of proinflammatory cytokines, further
stimulating neuroinflammation. Therefore, the F/B ratio may also be a good indicator for
the early detection of AD, as it is not influenced by the physiological differences among
individuals [45]. A study by Ling et al., in 2015 that defined the healthy controls of oral
microbial communities from supragingival plaque showed that a major proportion of
bacterial sequences from unrelated healthy adults aged between 37 and 59 years were
identical, with microbes consisting of the phyla Firmicutes (15%), Actinobacteria (10%),
Bacteroidetes (30%), and Fusobacteria (27%) [35]. In the present study, controls and patients
with AD respectively had 17.3% and 21% Firmicutes, 20% and 16.3% Actinobacteria, 36.30%
and 34.78% Bacteroidetes, and 13.73% and 11.98% Fusobacteria (Figure 3). Our findings
indicated a general increase in Firmicutes, Actinobacteria, and Bacteroidetes and a reduction
in Fusobacteria when compared with the findings of Ling et al., regarding the oral microbial
communities of healthy controls. These variations may be correlated with the changes in
oral microbiota that occur with age and maybe considered an indicator of early-onset AD
risk, as part of participates included in the study had poor oral hygiene but without any
cognitive disease may affect their oral microbiota. The increase in Firmicutes, F/B ratio
and Actinobacteria, but decrease in Fusobacterium from healthy adults to elderly patients
may indicate that the part of elderly controls recruited in our study already had a cognitive
impairment without being officially diagnosed as having AD. Although the cognition was
not evaluated in elderly controls, none of them presented signs of cognitive impairment. It
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might result in insufficient information about the possible severity of cognitive defects but
not the diagnosis of AD. However, this part should be documented in further study.

The loss of equilibrium of oral microbiota may occur before the onset of AD. These
pathogens might penetrate the BBB, continuously causing neuronal infection and promot-
ing neurodegeneration. The neuroinflammation induced by these pathogens might also
cause cognitive impairment and result in the pathogenesis of AD. Lactobacillus, Streptococ-
caceae, and Shuttleworthia are known to be notable cariogenic dental pathogens that cause
root caries and ultimately lead to tooth loss. Postmortem brain examination of patients
with AD also showed a significantly increased population of Actinobacteria, Lactobacillus
and Streptococcaceae in patients with AD [46]. Controls and patients with AD had a similar
proportion of Actinobacteria (3.05% and 3.90%, respectively). A similar pilot study using
high-throughput DNA sequencing of the V3–V4 region determined the relative abundance
of bacterial taxa in subgingival plaque from older adults with or without dementia. Re-
searchers found that the non-dementia samples had a higher proportion of sequences
identified belonging to the family Fusobacteriaceae and a lower proportion of sequences
belonging to Prevotellaceae [24]. AD is the most common cause of dementia, and we found
a similarly higher proportion of Fusobacteriaceae in the controls from this study. In addition,
the higher prevalence of genus Porphyromonas in normal control group was similar to our
finding [13,47], which could be further explored in the future.

Although elderly individuals are more likely to have untreated dental diseases, in
this study, patients with AD had the worst overall poor oral health condition. Recently,
it has been found that S. mutans cell-surface localized adhesin antigen P1 and particular
proteins can develop amyloid fibers and cause amyloid formation [21]. Researchers found
a higher abundance of Streptococcus in the feces of patients with AD compared with normal
individuals [22]. These bacteria can lead to dysbiosis of oral microbiota, induce amyloid
plaque formation in the brain, and further activate microglia and astrocytes, which are
the prominent features of AD [48]. Meanwhile, the significantly higher proportion of
Fusobacteriaceae and Cardiobacterium in the oral microbiota of the controls could protect
them from cognitive decline [24]. Therefore, this platform could serve as a non-invasive
diagnostic test for early detection of AD.

There are some limitations that could be improved upon in future studies. First,
the PacBio platform required a higher cost than the other tests did. A higher demand
could lower the cost and make this test more accessible. Second, the gut microbiota of
the participants was not investigated, even though it could be associated with the onset
of AD and oral microbiota. The oral dysbiosis could affect the gut microbiota, causing
disruption of brain function and pathogenesis of AD via the microbiota–gut–brain axis. A
comparison of the compositions of gut and oral microbiota might improve the feasibility of
the clinical application of this study in the future. Third, although the correlation between
the specific microbiota composition and clinical signs of patients with AD has partially been
determined, many factors remain to be studied, such as the influence of partial edentulism,
the interaction of other oral microflora, functional level of remaining teeth, presence of
fixed or removable prosthesis, and biting force. There is a high likelihood that the disease
is multifactorial, and the biomarkers of microbiota composition alone may not sufficiently
determine the pathogenesis and diagnosis of AD. Further, although we investigated the
differences in the oral microbiota between patients with AD and elderly controls, many
confounding factors such as daily habits of the participants, socioeconomic conditions,
medications, and comorbidities might have influenced the results. Future studies with a
large sample size and longer follow-up are warranted to monitor the outcome of AD.

5. Conclusions

To the best of our knowledge, this is the first study to use the PacBio SMRT sequencing
platform to determine the connection between oral microbiota and patients with AD. The
findings suggest that this platform may offer precise biomarkers for detection of AD.
Patients with AD had significantly more missing teeth and higher dental plaque weight,
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but lower microbial diversity, compared with controls. The proportion of Lactobacillales,
Streptococcaceae, and the Firmicutes/Bacteroidetes ratios were significantly increased, whereas
Fusobacterium and Proteobacteria were significantly decreased in patients with AD.
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