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Abstract: Objective: The studies of microbial polymorphism of periodontitis were limited and mainly focused on
the subgingival plaque. This study was to compare the bacterial community in the saliva of adults with and without
periodontitis. Methods: 29 adults samples (15 periodontitis and 14 healthy) who lived in same place were selected.
16S rDNA cloning library technology, ClustalX2, and Mothur v.1.32.1ect. software and the vegan package of R.
LDA Effect Size (LEfSe) were used to compare the bacterial community in the saliva. Results: The major phyla were
similar in adults with and without periodontitis. Especially, the genus Prevotella was considered to be the feature in
periodontitis samples, while the proportion of Lactobacillus and Granulicatella were lower in adults with periodon-
titis. Conclusions: These results indicate that the change of the bacterial community at the lower taxonomic levels
in saliva of adults may be one pathogenic factor of the periodontitis. This would be taken into account in further

treatment or prevention of the periodontitis.
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Introduction

Periodontitis is an inflammatory disease, which
is not only injurious to oral health, but also is
a variety of systemic disease risk factors such
as: cardiovascular disease, nephritis, adverse
pregnancy outcomes, diabetes, and rheuma-
toid arthritis [1]. Studies have demonstrated
that pathogenic bacteria was an important fac-
tor of periodontitis [2] and there may be some
disease-associated species of periodontal eco-
system [3]. However, the pathogenic bacteria
of the periodontitis were still not entirely clear.

In the past, microbes were traditionally identi-
fied by culture-based methods, which excluded
numerable uncultivated species. Therefore, it
was difficult to discern the pathogenic bacteria
of periodontitis wildly. With the popularity of
molecular biology methods, such as 16S rDNA
clone library and 454 pyrosequencing, now
some new view is: the change of the microbial
community structure caused the occurrence of

periodontal disease [4, 5]. When compared the
subgingival bacterial communities of healthy
and periodontitis subjects, the data showed
that there were some certain more common
species in disease [6-8]. Nevertheless, the
main bacteria in patients with periodontitis in
these studies were not always the same, which
may due to that the methodological and indi-
vidual differences. Accordingly, study on the
microbiological diversity in patients with peri-
odontitis is still needed.

Containing a variety of bacterial species from
different oral sites (tongue, subgingival plaque,
and supragingival plaque), saliva has been con-
sidered to be the sample which can provide
more information of the bacteria for oral dis-
ease or oral health including periodontitis in the
entire oral cavity [9-11]. But to the best of our
knowledge, the researches of the microbiologi-
cal diversity of periodontitis were more focused
on the subgingival plaque, and there were little
studies focused on the saliva. In this study, we
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Table 1. The information of samples in this study

Group Healthy Periodontitis
Gender TM;7TF 7M;8F
Age 31.31%9.7 51.1+9.1
Probing depth 2.01+0.51 6.77+2.2
Attachment loss 0 3.36+1.49
Bleeding on probing (%) 0 50.3%+5.8%

M: Male; F: Female.

analyzed more than 1000 cloned 16S rDNA
gene sequences from 29 individuals (including
15 periodontitis and 14 healthy subjects), and
then examined the differences between micro-
biological diversity of saliva in adults with and
without periodontitis.

Materials and methods
Subjects and specimen collection

All human host volunteers were from resident
population of Yugur autonomous county, Gan-
su province, China, in September 2012. At last,
29 (15 periodontitis (P) subjects and 14 heal-
thy oral (H) subjects) volunteers were select-
ed. They were fully oriented regarding the re-
search objectives and agreed to sign an in-
formed consent form after study approval by
the Ethics Committee of Northwest University
for Nationalities. Their ages were range from
22 to 55, and there were 7 male and 8 fe-
male in periodontitis group and 7 male and 7
female in healthy group. A complete clinical
examination was performed by one trained
examiner, including medical and dental histo-
ries, an intra-oral examination. The subjects
with periodontitis had pocket probing depths
of > 5 mm, attachment loss of > 3 mm and
gingival bleeding = 50% at the CPI index teeth
[12]. The pocket probing depths and attach-
ment loss were measured at six sites per
CPl index tooth (mesiobuccal, buccal, distobuc-
cal, distolingual, lingual and mesiolingual). The
healthy subjects had no probing depths that
were < 3 mm in full mouth.

All the subjects were free of caries. The patients
with a history of immunosuppression or sys-
temic diseases (e.g., diabetes and HIV), those
using medications that reduce saliva flow and
those under treatment with antimicrobials with-
in the previous two months and smokers were
excluded from this study.
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DNA extraction, PCR amplification, 16S rDNA
gene clone and sequencing

One-milliliter un-stimulated saliva samples
were collected using an asepsis tube con-
taining 500 uL of TE buffer (25 mM Tris-HCI,
10 mM EDTA, pH 8.0) from each subject, who
had not brushed their teeth, gargled or eaten
for 12 hours. The bacterial g DNA was extract-
ed by Qiagen Stool Mini Kit (Qiagen, Valencia,
CA) following the manufacturer’s instructions.
The 16S rDNA region was amplified with the
primers 8F (5-AGAGTTTGATCMTGGCTCAG-3’)
and 1391R (5-GACGGGCGGTGTGTRCA-3’) [13].
Purified amplicons were ligated into plasmid
vector PMD18-T (Takara, Japan) and then trans-
formed into Escherichia coli using the Takara
Cloning kit (Takara, Japan) according to the
manufacturer’s instructions. Sanger sequenc-
ing was performed on the plasmid inserts of
the purified PCR products (Life Genomics
Institute, Beijing), and 600-800 bp sequencing
was obtained.

Data analysis

The sequences were aligned and edited us-
ing ClustalX2 and BioEdit7.0.9.0 software, re-
spectively. The vector sequence regions and
low-quality sequences with chimeras were re-
moved after processing with the program Vec
Screen. Operational taxonomic units (OTUs;
phylotypes) were defined using a 97% se-
quence similarity cutoff, which in this context
roughly corresponds to species-level group-
ings. One representative for each of the OTUs
identified in this study was deposited in the
RDP database (http://rdp.cme.msu.edu/). Mo-
thur v.1.32.1 software was used to calculate
Ace and Chao 1 richness estimator at differ-
ent cutoffs by T-test. Rarefaction curves were
used to evaluate the sample volume. Principal
Component Analysis (PCoA) and bacterial com-
munity distribution were performed using the
vegan package of R. LDA Effect Size (LEfSe)
was used to representation the characteris-
tic bacteria at difference taxonomic levels [14].

Result and discussion

The information of samples and the whole
condition of sequencing

The information of samples in this study was

listed in Table 1. Human oral cavity is a com-
plex microecosystem and mainly refers to the
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Figure 1. Principal coordinate analysis of the 29 samples using pairwise
Bray-Curtis dissimilarity matrices for the bacterial community based on OTUs

at the 97% similarity level.

interactions between resident microorganisms
and host responses [15]. The factors of diet,
environment, or lifestyle combined affect the
oral microbial homeostasis [16-18]. However,
most previous studies did not avoid the influ-
ence of these factors. Therefore, in this study,
we selected resident population of a remote
area in Gansu province of China. The people liv-
ing in this area have similar living environment
(@ pasturing area) and classic nomadic living
and diet (tea with milk, meat, noodle and rarely
vegetables). Moreover, they rarely communi-
cate with other places due to the difficult traf-
fic. Thus, the background of the individuals in
this study was relatively consistent.

Across the 29 individuals, 1,450 clones (50 per
samples) were sequenced and 1,334 qualified
sequences were manually assigned to 326
OTUs using a cutoff of 97% sequence identity.
Though the high-throughput sequencing is
widely used today, the 16S rDNA clone technol-
ogy is still a good method to investigate the oral
bacterial community [13, 19-22] due to its
advantages, such as saving the strains plas-
mids to the further study and more accurate
sequencing.
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were identified and further
divided into 16 classes, 23
orders, 42 families, and 59
genuses (Figure 2A-E). Across
the healthy and the perio-
dontitis samples, Firmicutes
was the dominant phylum,
followed by Proteobacteria, Fusobacteria, Bac-
teroidetes, and Actinobacteria, though with dif-
ferent proportion in each group (Figure 2A).
The same dominant phyla were also found in
other individual with previously [9] and the
same condition was reported in populations
with caries [23]. All these suggesting that the
influence of in saliva of adults with periodontitis
was low at the phylum level.

Differences between the healthy and periodon-
titis human mouth were more obvious at lower
taxonomic levels (Figure 2B-E). In the most
common genus, our data confirmed that the
most common genus in saliva of hosts with
periodontitis was Streptococcus, accounting
for 49.7% (Figure 2E), while the proportion of
the genus connected with the periodontitis
was low, such as Porphyromonas (0.7%) and
Aggregatibacter (1.8%). These data was same
to the previous study [9]. The Streptococcus is
connected with caries [24], which is an infec-
tious diseases of teeth. What is the truly role
of the Streptococcus in saliva of host with
periodontitis is worth study deeply due to the
higher proportion. Further, more unknown se-
quences were found at lower taxonomic levels
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(Figure 2B-E), extending the list of oral micro-
bial candidate divisions that are divergent from
the known taxa.

The variance of bacterial compositions be-
tween the healthy and periodontitis saliva

As Figure 3 shown, the features existed at sev-
eral taxonomic levels in both healthy and peri-
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odontitis human mouth. The relative abun-
dance of Bacteroidetes (Figure 3A), especially
the genus Prevotella (belonging to class Bac-
teroidales, order Bacteroidia, family Prevotel-
laceae), was higher across the periodontitis
samples (Figure 3A, 3B, 3D). Prevotella spp.
was considered to be associated with peri-
odontitis using cultured dependent or indepen-
dent methods [25, 26]. In addition, the relative
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Figure 3. Cladogram representing the LEfSe results on the hierarchy. “H” and “P” represent the healthy and peri-

odontitis human mouth, respectively.

abundance of the genus Prevotella was also
reported to be higher in subgingival plaque of
adults with periodontitis [27]. However, the
expected traditional periodontal pathogens,
such as Porphyromonas, Aggregatibacter, Por-
phyromonasand Treponema. ect. were not de-
tected in this studies, suggesting that there
were other pathogenic bacterium of periodon-
titis including the traditional periodontal pa-
thogens, such as Prevotella spp.

Moreover, the genus Lactobacillus and Granu-
licatella were little from the periodontitis sam-
ples, but accounting for 2.46% and 3.47%
from the healthy samples, respectively (Figure
3B, 3E, 3F). The two genera were normal oral
bacteria and belonging to the lactic acid bacte-
ria, a group which can metabolize sugars into
lactic acid, and lower the pH of oral [28]. They
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are usually with tooth hard tissue infection, and
Granulicatella was once reported to be asso-
ciated with dental plagues and endodontic in-
fections [29]. However, why they were lower in
periodontitis is worth further study, but all
these data may be noticed in further diagnos-
tic or treatment of periodontitis. In our further
study, we will answer these questions by add-
ing more samples and combining methods of
high-throughput sequencing and real-time qu-
antitative PCR. The plasmids in this study may
be used in diagnosing chip for periodontitis.

Acknowledgements

We thank all the volunteers who agreed to
participate in this study and the State Ethnic
Affairs Commission Key Laboratory of Oral
Medicine. This work was supported by grants

Int J Clin Exp Med 2016;9(8):16192-16198



Bacterial community of saliva

from the National Natural Science Found-
ation of China (NSFC) (No. 31360124/C0309
and No. 31560159/C0309) and Science and
Technology Support Project in Gansu Province
(144WCGA167).

Disclosure of conflict of interest
None.

Address correspondence to: Zhigiang Li, Key
Laboratory of Stomatology of State Ethnic Affairs
Commission, Key Laboratory of Oral Diseases of
Gansu Province, Northwest University for Nationa-
lities, Lanzhou 730030, Gansu, China. E-mail:
sciuse2@163.com

References

[1] Xiao X, Li Y, Zhang G, Gao Y, Kong Y, Liu M
and Tan Y. Detection of bacterial diversity in
rat’'s periodontitis model under imitational
altitude hypoxia environment. Arch Oral Biol
2012; 57: 23-29.

[2] Haffajee AD, Socransky SS, Patel MR and
Song X. Microbial complexes in supragingival
plaque. Oral Microbiol Immunol 2008; 23:
196-205.

[3] Vartoukian SR, Palmer RM and Wade WG.
Diversity and morphology of members of the
phylum “synergistetes” in periodontal health
and disease. Appl Environ Microbiol 2009; 75:
3777-3786.

[4] Dewhirst FE, Chen T, Izard J, Paster BJ, Tanner
ACR, Yu WH, Lakshmanan A and Wade WG.
The Human Oral Microbiome. J Bacteriol 2010;
192: 5002-5017.

[6] Griffen AL, Beall CJ, Firestone ND, Gross EL,
DiFranco JM, Hardman JH, Vriesendorp B,
Faust RA, Janies DA and Leys EJ. CORE: A
Phylogenetically-Curated 16S rDNA Database
of the Core Oral Microbiome. PLoS One 2011;
6: e19051.

[6] Galimanas V, Hall MW, Singh N, Lynch MD,
Goldberg M, Tenenbaum H, Cvitkovitch DG,
Neufeld JD and Senadheera DB. Bacterial
community composition of chronic periodonti-
tis and novel oral sampling sites for detecting
disease indicators. Microbiome 2014; 2: 32.

[7] Junemann S, Prior K, Szczepanowski R, Harks
I, Ehmke B, Goesmann A, Stoye J and Harmsen
D. Bacterial community shift in treated peri-
odontitis patients revealed by ion torrent 16S
rRNA gene amplicon sequencing. PLoS One
2012; 7: e41606.

[8] Zijnge V, Harmsen HJ, Kleinfelder JW, van der
Rest ME, Degener JE and Welling GW. Dena-
turing gradient gel electrophoresis analysis to
study bacterial community structure in pockets

16197

)

(10]

(11]

[12]

(13]

(15]

(18]

(19]

[20]

of periodontitis patients. Oral Microbiol Im-
munol 2003; 18: 59-65.

Belstrom D, Fiehn NE, Nielsen CH, Kirkby N,
Twetman S, Klepac-Ceraj V, Paster BJ and
Holmstrup P. Differences in bacterial saliva
profile between periodontitis patients and a
control cohort. J Clin Periodontol 2014; 41:
104-112.

De Filippis F, Vannini L, La Storia A, Laghi L,
Piombino P, Stellato G, Serrazanetti DI, Gozzi
G, Turroni S, Ferrocino |, Lazzi C, Di Cagno R,
Gobbetti M and Ercolini D. The Same Micro-
biota and a Potentially Discriminant Metabo-
lome in the Saliva of Omnivore, Ovo-Lacto-
Vegetarian and Vegan Individuals. PLoS One
2014; 9: e112373.

Yang F, Ning K, Chang XZ, Yuan X, Tu QC, Yuan
T, Deng Y, Hemme CL, Van Nostrand J, Cui
XP, He ZL, Chen ZG, Guo DW, Yu JB, Zhang
Y, Zhou JZ and Xu J. Saliva Microbiota Carry
Caries-Specific Functional Gene Signatures.
PLoS One 2014; 9: e76458.

Cutando A, Gomez-Moreno G, Villalba J, Fe-
rrera MJ, Escames G and Acuna-Castroviejo
D. Relationship between salivary melatonin
levels and periodontal status in diabetic pa-
tients. J Pineal Res 2003; 35: 239-244.

Bik EM, Long CD, Armitage GC, Loomer P,
Emerson J, Mongodin EF, Nelson KE, Gill SR,
Fraser-Liggett CM and Relman DA. Bacterial
diversity in the oral cavity of 10 healthy indi-
viduals. ISME J 2010; 4: 962-974.

Goecks J, Nekrutenko A, Taylor J and Team G.
Galaxy: a comprehensive approach for sup-
porting accessible, reproducible, and transpar-
ent computational research in the life scienc-
es. Genome Biol 2010; 11: R86.

Starke EM, Smoot JC, Wu JH, Liu WT, Chandler
D and Stahl DA. Saliva-based diagnostics us-
ing 16S rRNA microarrays and microfluidics.
Ann N Y Acad Sci 2007; 1098: 345-361.
Palmer RJ Jr. Composition and development of
oral bacterial communities. Periodontol 2000
2014; 64: 20-39.

Mason MR, Nagaraja HN, Camerlengo T, Joshi
V and Kumar PS. Deep sequencing identifies
ethnicity-specific bacterial signatures in the
oral microbiome. PLoS One 2013; 8: e77287.
Blaser MJ, Dominguez-Bello MG, Contreras
M, Magris M, Hidalgo G, Estrada |, Gao Z,
Clemente JC, Costello EK and Knight R. Dis-
tinct cutaneous bacterial assemblages in a
sampling of South American Amerindians and
US residents. ISME J 2013; 7: 85-95.

Zhang C, Hou BX, Zhao HY and Sun Z. Microbial
diversity in failed endodontic root-filled teeth.
Chin Med J (Engl) 2012; 125: 1163-1168.
Subramanian K and Mickel AK. Molecular
analysis of persistent periradicular lesions and

Int J Clin Exp Med 2016;9(8):16192-16198



[21]

[22]

(23]

[24]

[25]

[26]

Bacterial community of saliva

root ends reveals a diverse microbial profile. J
Endod 2009; 35: 950-957.

Schirrmeister JF, Liebenow AL, Pelz K, Wittmer
A, Serr A, Hellwig E and Al-Ahmad A. New bac-
terial compositions in root-filled teeth with
periradicular lesions. J Endod 2009; 35: 169-
174.

Faveri M, Goncalves LF, Feres M, Figueiredo
LC, Gouveia LA, Shibli JA and Mayer MP.
Prevalence and microbiological diversity of
Archaea in peri-implantitis subjects by 168S ri-
bosomal RNA clonal analysis. J Periodontal
Res 2011; 46: 338-344.

Yang F, Zeng X, Ning K, Liu KL, Lo CC, Wang W,
Chen J, Wang D, Huang R, Chang X, Chain PS,
Xie G, Ling J and Xu J. Saliva microbiomes dis-
tinguish caries-active from healthy human
populations. ISME J 2012; 6: 1-10.

Kleinberg I. A mixed-bacteria ecological ap-
proach to understanding the role of the oral
bacteria in dental caries causation: an alterna-
tive to Streptococcus mutans and the speci-
fic-plaque hypothesis. Crit Rev Oral Biol Med
2002; 13: 108-125.

Moore LV, Johnson JL and Moore WE. De-
scriptions of Prevotella tannerae sp. nov. and
Prevotella enoeca sp. nov. from the human
gingival crevice and emendation of the de-
scription of Prevotella zoogleoformans. Int J
Syst Bacteriol 1994; 44: 599-602.

Tanaka S, Yoshida M, Murakami Y, Ogiwara T,
Shoji M, Kobayashi S, Watanabe S, Machino
M and Fujisawa S. The relationship of Pre-
votella intermedia, Prevotella nigrescens and
Prevotella melaninogenica in the supragingi-
val plaque of children, caries and oral mal-
odor. J Clin Pediatr Dent 2008; 32: 195-200.

16198

(27]

(28]

[29]

Griffen AL, Beall CJ, Campbell JH, Firestone
ND, Kumar PS, Yang ZK, Podar M and Leys EJ.
Distinct and complex bacterial profiles in hu-
man periodontitis and health revealed by 16S
pyrosequencing. ISME J 2012; 6: 1176-1185.
Makarova K, Slesarev A, Wolf Y, Sorokin A,
Mirkin B, Koonin E, Pavlov A, Pavlova N, Kara-
mychev V, Polouchine N, Shakhova V, Grigo-
riev |, Lou Y, Rohksar D, Lucas S, Huang K,
Goodstein DM, Hawkins T, Plengvidhya V, Wel-
ker D, Hughes J, Goh Y, Benson A, Baldwin K,
Lee JH, Diaz-Muniz |, Dosti B, Smeianov V,
Wechter W, Barabote R, Lorca G, Altermann E,
Barrangou R, Ganesan B, Xie Y, Rawsthorne
H, Tamir D, Parker C, Breidt F, Broadbent J,
Hutkins R, O’Sullivan D, Steele J, Unlu G, Saier
M, Klaenhammer T, Richardson P, Kozyavkin S,
Weimer B and Mills D. Comparative genomics
of the lactic acid bacteria. Proc Natl Acad Sci U
S A2006; 103: 15611-15616.

Cargill JS, Scott KS, Gascoyne-Binzi D and
Sandoe JA. Granulicatella infection: diagnosis
and management. J Med Microbiol 2012; 61:
755-761.

Int J Clin Exp Med 2016;9(8):16192-16198



