
498

Microbial profile of asymptomatic and symptomatic teeth with 
primary endodontic infections by pyrosequencing
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Objectives: The purpose of this in vivo study was to investigate the microbial diversity in symptomatic and

asymptomatic canals with primary endodontic infections by using GS FLX Titanium pyrosequencing.

Materials and Methods: Sequencing was performed on 6 teeth (symptomatic, n = 3; asymptomatic, n = 3)

with primary endodontic infections. Amplicons from hypervariable region of the small-subunit ribosomal

RNA gene were generated by polymerized chain reaction (PCR), and sequenced by means of the GS FLX

Titanium pyrosequencing. 

Results: On average, 10,639 and 45,455 16S rRNA sequences for asymptomatic and symptomatic teeth

were obtained, respectively. Based on Ribosomal Database Project Classifier analysis, pyrosequencing iden-

tified the 141 bacterial genera in 13 phyla. The vast majority of sequences belonged to one of the seven

phyla: Actinobacteria, Bacteroidetes, Firmicutes, Fusobacteria, Proteobacteria, Spirochetes, and

Synergistetes. In genus level, Pyramidobacter, Streptococcus, and Leptotrichia constituted about 50% of

microbial profile in asymptomatic teeth, whereas Neisseria, Propionibacterium, and Tessaracoccus were

frequently found in symptomatic teeth (69%). Grouping the sequences in operational taxonomic units

(3%) yielded 450 and 1,997 species level phylotypes in asymptomatic and symptomatic teeth, respectively.

The total bacteria counts were significantly higher in symptomatic teeth than that of asymptomatic teeth

(p < 0.05). 

Conclusions: GS FLX Titanium pyrosequencing could reveal a previously unidentified high bacterial diver-

sity in primary endodontic infections. [J Kor Acad Cons Dent 2011;36(6):498-505.]
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INTRODUCTION

Microbial infection of root canal system is essential

cause of apical periodontitis.1 To understand the

pathogenic process of endodontic infection and thus

develop more effective strategies for intracanal disin-

fection, clinicians should have the information about

the microbial profile or diversity in endodontic infec-

tion.2-4 Although various molecular diagnostic tech-

niques have been developed, bacterial diversity in

endodontic infections has not been sufficiently per-

formed. Previous studies by 16S rRNA gene clone

libraries demonstrated that 391 bacterial taxa belong

to 82 genera and 9 phyla have been identified in pri-

mary endodontic infections.5-10 However, interpreta-

tion of the relative abundance of different taxa iden-

tified by any molecular method must be done with

care.11 The steps of DNA extraction, PCR amplifica-

tion (choice of primers), and intrinsic differences in

16S rDNA copy number may result in a skewed tax-

onomic interpretation of the microbial profiles, and

probably result in an underestimation of microbial

diversity.12 Furthermore, 16S rRNA gene-based clon-

al analysis utilizes the conventional Sanger capillary

sequencing technique, which has a limitation to

detect the low-abundance taxa.13 The pyrosequencing

technique, however, is a new approach that allows

for extensive sequencing microbial populations with-

out clonal bias of amplified 16S rRNA sequences.14

Recently, pyrosequencing studies in the human oral

cavity and endodontic infection revealed higher bac-

terial diversity than previously reported.11,15 However,

the pyrosequencing systems used in both studies had

the short length of sequences (< 250 bases) for bacte-

rial detection and therefore, is unsuitable for robust

reconstruction of bacterial communities especially for

lower taxa levels such as the species level. Therefore,

the present study was to investigate the microbial

profile in asymptomatic and symptomatic teeth with

primary endodontic infections by the current genera-

tion GS FLX Titanium pyrosequencing, which has

long sequence length more than 400 bases. 

MATERIALS AND METHODS

Participant recruitment

Six patients (4 men and 2 women) aged 25 to 62

years were included in this study. Specimens from

six patients were obtained from a maxillary anterior

tooth, a mandibular anterior tooth, a mandibular

premolar, a maxillary premolar and two mandibular

molars. All teeth had a primary endodontic lesion,

but did not have active periodontal diseases. Three

individuals had lesions that were deemed sympto-

matic (PY), whereas the rest three individuals were

asymptomatic (PN). Symptomatic group included

percussion pain, spontaneous pain, fistulous track

formation, and swelling. Patients who were receiving

antiviral, antibiotics, or immunosuppressive therapy

were excluded from the study. The study was

approved by the Ethics Committee of Seoul National

University Dental Hospital, Seoul, Korea. Written

informed consent was obtained after the procedures

had been fully explained. 

Sample collection, clinical procedures and DNA

extraction

Intracanal exudate specimens were collected at the

time of scheduled nonsurgical endodontic treatment.

Nonsurgical endodontic treatment was performed in

teeth with primary lesion. The tooth under treatment

was polished with pumice and isolated with rubber

dam. Blockout resin (Ultradent, South Jordan, UT,

USA) was applied around the dam margin to prevent

leakage of saliva. The surfaces of the tooth, rubber

dam, clamp, and blockout resin were decontaminated

by scrubbing with 30% (v/v) hydrogen peroxide

(H2O2) (Sigma-Aldrich Company Limited, Poole,

UK), and iodine tincture (10% w/v) (Betadine,

Seton Healthcare Group plc, Oldham, UK) and

NaOCl (2.5%) (Sainsbury’s household bleach, J.

Sainsburyplc, London, UK) were then applied for 1

minute. The solutions were inactivated by sterile

sodium thiosulphate solution (5% w/v) (Sigma

Chemical Co., St. Louis, MO, USA). Access cavity

preparation using a sterile tungsten carbide bur in

an air-turbine handpiece was done. The bacterial
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samples were taken by ten sterile paper points for

each canal following access cavity preparation.

Genomic DNA was extracted using the QIAamp DNA

mini Kit (Invitrogen Inc., Carlsbad, CA, USA)

according to the manufacturer’s instructions.

Amplification of bacteria and 454 pyrosequencing

with an FLX titanium platform

The following universal 16S rRNA primers were used

for the PCR reactions, 27F (GAGTTTGATCMTG-

GCTCAG) and 518R (WTTACCGCGGCTGCTGG).16

Each PCR reaction was carried out with two of the

25-μL reaction mixtures containing 60 ng of DNA, 10 μM

of each primer (Macrogen, Seoul, Korea), and

AccuPrime Taq DNA Polymerase High Fidelity

(Invitrogen, WI, USA) in order to obtain the follow-

ing final concentrations: 1.25 U of Taq polymerase,

50 mM of MgSO4, and 10X of the PCR buffer. A

C1000 thermal cycler (BIO-RAD, Hercules, CA,

USA) was used for the PCR as follows: (i) an initial

denaturation step at 94℃ for 3 minutes, (ii) 30

cycles of annealing and extending (each cycle

occurred at 94℃ for 60 seconds followed by 54℃ for

30 seconds and an extension step at 72℃ for 60 sec-

onds), and (iii) the final extension at 72℃ for 5 min-

utes. After this PCR amplification, the amplicons

were purified by gel electrophoresis and two-time

purifications using a QIA quick Gel extraction kit

(Qiagen, Valencia, CA, USA) and QIA quick PCR

purification kit. In order to recover a sufficient

amount of purified amplicon from the purification

steps, two 25-μL reaction mixtures were combined

into one mixture prior to amplicon purification. All

amplicons were pooled and Amplicon pyrosequencing

was performed by Macrogen Inc. (Seoul, Korea)

using a 454/Roche GS-FLX Titanium instrument

(Roche, Nutley, NJ, USA).

Analysis of microbial community and classification

Analysis of sequencing data was conducted using

pyrosequencing pipeline at Ribosomal Database

Project (RDP) 10 (http://pyro.cme.msu.edu/

index.jsp). Low-quality sequences were trimmed

using pyro initial process to remove sequences having

a length shorter than 300 nucleotides and no

ambiguous nucleotide with an average quality score

of less than 20.15,17 Pyrosequencing reads were

aligned using Infernal and clustered at 97% sequence

similarity using the complete linkage clustering. In

addition, representative reads were extracted from

clusters using dereplicates in RDP software. The

RDP Classifier was used to assign representative

operation taxonomic unit (OTU) reads to taxonomi-

cal hierarchy with a confidence threshold of 50% at

all phylum, class, order, family and genus level. To

get information of strain level, the identification of

phylogenetic neighbor was carried out by the BLAST

against the EzTaxon database of type strain of recog-

nized prokaryotic names.18

Statistical analysis

At species level, data were examined for statistical

significance using Student’s t-test. A p-value < 0.05

denoted a statistically significant difference.

RESULTS

Total sequence information 

The six samples yielded 56,094 16S rRNA sequence

reads with an average length of 440 bases (10,639

reads for PN group and 45,455 reads for PY group)

following the sequence quality filtering steps (Table

1). In total, 8.42% and 3.25% of the sequences could

not be assigned to phylum or genes levels, respec-

tively, and were classified at the next higher resolu-

tion level of family, order, or class. Most of the

sequences that were discarded had insufficient length

rather than poor sequence qualities. In total, 13 bac-

terial phyla 21 classes and 142 genera were assigned

by RDP II Classifier to pyrosequences. 

Pyrosequencing data 

The richness of total bacterial communities of asymp-

tomatic and symptomatic teeth with primary apical

periodontitis at 3% difference was estimated by rarefac-

tion analysis. The shape of the curves indicates that

bacterial richness of the sampled infected root canals is
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not yet complete, especially in symptomatic group

(Figure 1). The individual sequences could be clustered

into unique V3 tag sequences, representing 13 known

phyla. The vast majority of sequences belonged to one of

the seven phyla in the order of Actinobacteria,

Synergistetes, Firmicutes, Proteobacteria, Bacteroidetes,

Fusobacteria, and Spirochetes. Each of other 6 phyla

(Acidobacter, Planctomycete, TM7, Nitrospira,

Cyanobacter, and Chloroflexi) corresponded to less than

1% of the sequences. Of the major phyla, Actinobacteria

and Proteobacteria were overrepresented in sympto-

matic teeth, whereas Bacteroides, Firmicutes,

Fusobacteria, Spirochetes, and Synergistetes were more

abundant in asymptomatic teeth (Figure 2).

Planctomycete and Nitrospira were newly found in pri-

mary endodontic infections.

At genus level, both symptomatic and asympto-

matic teeth contained total 142 different genera.

Three genera (Pyramidobacter, Streptococcus,

Leptotrichia) constituted about 50% of microbial pro-

file in asymptomatic teeth, whereas Neisseria,

Propionibacterium and Tessaracoccus were found in

symptomatic teeth (69%). The 10 most abundant

genera in asymptomatic teeth and the 10 most

prevalent genera in symptomatic teeth were summa-

rized (Figure 3). Most of the genera were of relative-

Figure 1. Plots of the numbers of different operational

taxonomic units (OTUs) in infected root canals from

symptomatic and asymptomatic teeth. The steepness and

length of the curve indicates that a large fraction of the

species diversity has not sampled. PN, asymptomatic

canal; PY, symptomatic canal. 
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Figure 3. The 10 most abundant genera identified in asymptomatic teeth (a, PN) and the 10 most abundant genera in

symptomatic teeth (b, PY) with their abundance values.
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ly low abundance. At species level, defined as OTU

at 3% difference, about 450 and 1997 phylotypes

were found in asymptomatic and symptomatic teeth,

respectively (Table 1). The most diverse species in

the asymptomatic teeth was the Pyramidobacter pis-

colens, whereas Propionibacterium acidifaciens was

in symptomatic teeth (Table 2). 

DISCUSSION

The introduction of high-throughput, deep-coverage

pyrosequencing has dramatically increased the reso-

lution at which microbial profile can be analyzed.11

The present GS FLX Titanium pyrosequencing

results clearly demonstrated higher microbial diversi-

ty than previously reported by using 16S rRNA gene-

based clonal analysis in endodontic infection with dif-

ferent clinical conditions.19,20 16S rRNA gene-based

clonal analysis utilizes the Sanger capillary sequenc-

ing technique, which has a limitation in depth of cov-

erage.13 As a result, the less abundant microflora

cannot be selected for sequencing. In a previous

study, only 8 phyla and 25 genera were detected in

seven root canal samples by using the Sanger

sequencing.15 On the contrary, the present pyrose-

quencing study identified 13 bacterial phyla and 142

genera. This might due to the difference of depth of

coverage for detection of low-abundance taxa

between two techniques.

In the dental field, the previous pyrosequencing

studies used GS 20 system and GS FLX platform.11,15

However, those systems fundamentally use short

reading length of sequence (100 to 250 bases) and

thus cannot produce full length 16S rRNA sequences,

traditionally used for microbial taxonomic studies.19

On the contrary, the current GS FLX Titanium

pyrosequencing generated informative sequences

longer (more than 400 bases) than those two sys-

tems, therefore enabling more accurate taxonomic

assignments to be made. In other words, since we

only included the sequence reads longer than 400 bp

in the final dataset, all analyzed sequences contained

at least two of the V1, V2, and V3 regions, which are

important neucleotide regions for detection of similar-

ity between new bacteria and bacteria listed on the

DSMZ Bacterial Nomenclature Web site

(http://www.dsmz.de/microorganisms/bacterial_nom

enclature.php). 

A recent study using the current GS FLX Titanium

pyrosequencing in ten teeth with chronic apical peri-

odontitis demonstrated 10 phyla, 84 genera, and 187

species-level phylotypes confined to apical third root

segment,21 which showed relatively lower abundance

of bacterial diversity than our results. This might be

due to the difference of sample collecting sites in the

root canal between two studies. Our study used the

samples taken from the entire extent of the canal by

using 7 paper points, whereas the other study con-

Table 1. Sequencing information for the bacteria in

asymptomatic and symptomatic teeth with primary

apical periodontitis 

Asymptomatic Symptomatic 

teeth teeth

Average length (bases) 449 430

Sum of filtered sequencesa 10,639 45,455

Number of 97% phylotype 450 1,997
aTrimmed reads that passed quality control as described

in Huse SM et al.15

Table 2. Representative species showing phylotypes

spanning over 2% in this study 

Species PN PY

Pyramidobacter piscolens 34.70 0.00

Rothia dentocariosa 3.53 0.96

Tannerella forsythia 2.53 0.00

Phocaeicola abscessus 2.22 0.00

Leptotrichia trevisanii Wee Tee 2.12 0.01

Propionibacterium acidifaciens 0.00 35.75

Propionibacterium propionicum 0.00 7.52

Streptococcus sanguinis 2.32 4.01

Propionibacterium acnes 0.00 2.91

Neisseria macacae 0.00 2.30

PN, asymptomatic canal; PY, symptomatic canal.
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fined in the apical canal area. 

One of the strong points of this study is the resolu-

tion and the deep coverage of sequence identification

with the help of pyrosequencing in primary infected

root canals. Due to the insufficient and inaccurate

classification on “uncultured bacteria”, the vast

majority of unnamed oral taxa have been referenced

by clone numbers or 16S rRNA GenBank accession

numbers, or identified at most down to the genera

level.22-24 In this study, the hierarchical taxonomic

structure of the EzTaxon-e database allowed us the

complete identification of obtained root canal massive

data at the species level for the first time.  

The most predominant bacterial phylum detected in

the present study was Actinobacter, whereas

Bacteroidetes and Proteobacteria were in the previ-

ous pyrosequencing studies by Li et al. and Siqueira

Jr et al., respectively.15,21 This might be due to the

racial and geographic difference. Another remarkable

discovery in this study was the presence of

Planctomycete and Nitrospira, which are known bac-

terial phyla in marine, in primary endodontic infec-

tion because they have never been reported previous-

ly in the root canal microbial ecosystem.25 This could

be explained by the specific diet for Koreans. Koreans

consume a volume of salted foods like Kimchi, raw

fish, and Jotgal which may be good sources for

Planctomycete and Nitrospira. As previously reported

by Singnoretto et al. consumption of specific foods

could affect the microbiological composition of saliva

and dental plaque of subjects.26 Nonetheless, the pre-

sent data obtained in primary endodontic infections

showed a less diverse microflora than the bacterial

diversity in saliva and supragingival plaque through

pyrosequencing, confirming that endodontic microflo-

ra are a subset derived from the total oral

microflora.11,15

One important factor in the variation of endodontic

microflora is the presence or absence of clinical signs

and symptoms.2 The microbial community within the

root canal is thought to undergo ecological succession

as nutritional, acidic, and oxygenation changes occur

in conjunction with bacterial growth.27 This chronic

infectious process can progress asymptomatically, but

dramatic clinical symptoms can occur.20 Although the

present study did not show any correlation between

clinical symptoms and specific bacteria because of

small sample size, symptomatic teeth had nearly 4

times more bacterial diversity than the asymptomatic

teeth at the species level. This result suggests that

lack of clinical symptoms related to low bacterial

growth in the root canal and periapical region.4

Therefore, it is possible that more virulent multi-

species communities can form as a result of overall

bacterial combinations and give rise to clinical symp-

toms and signs.28 In the present study, the microflora

found in the symptomatic teeth at the species level

were Propionibacterium acidifaciens and

Propionibacterium propionicum, which were different

from the species (Peptostreptococcus, Prevortella,

and Porphyromonas spp.) found in the previous

studies.2-4,9,20 This might be due to the accuracy of the

present sequencing technique.11 In the present study,

symptomatic teeth mostly had longer and steeper

rarefaction curves than those of the asymptomatic

teeth. This means that the symptomatic teeth still

have more bacterial communities need to be found in

their root canals. In conclusion, the current genera-

tion GS FLX Titanium pyrosequencing demonstrated

a very high bacterial diversity in primary endodontic

infections, indicating that the etiology of primary api-

cal periodontitis is much more complex than antici-

pated. Further study to compare the microbial profile

in refractory apical periodontitis should be followed to

find out their functional roles in endodontic microbial

community.
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국문초록

원발성 치근단 치주염을 갖는 감염근관에서 증상유무에 따른 세균분포의 pyrosequencing 분석

임상민1∙이태권2∙김은정1∙박준홍2∙이 윤3∙배광식1∙금기연1*

1서울대학교 대학원 치의학과 치과보존학교실, 치의학연구소, 
2연세대학교 도시환경공학과, 3연세대학교 원주의과대학 치과학교실

연구목적: 본 연구는 원발성 치근단 치주염(primary apical periodontitis)을 갖는 치아에서 임상증상 유무에 따른 미생물

군집의 차이를 GS FLX Titanium pyrosequencing을 이용하여 species level까지 분석하였다. 

연구 재료 및 방법: 원발성 치근단 치주염을 갖는 6개의 표본에서 pysequencing을 시행하였다. 중합효소 연쇄반응(PCR)에

의해 얻어진 small-subunit ribosomal RNA의 초가변 영역(hypervariable region)의 amplicon을 이용하여 GS FLX

Titanium pyrosequencing 을 시행하였다.

결과: 평균적으로 무증상군 및 증상군에서 각각 10,639 및 45,455개의 16S rRNA sequence을 얻었으며 평균길이는

440bases였다. Ribosomal Database Project Classifier을 이용한 분석결과 142종의 genera 및 13종의 phylum 수준에서

의 세균종을 검출하였다. 검출된 13개의 phyla 가운데 Actinobacteria, Bacteroidetes, Firmicutes, Fusobacteria,

Proteobacteria, Spirochetes, and Synergistetes 종이 상대적으로 호발하였으며, genus 수준에서는 Pyramidobacter,

Streptococcus, Leptotrichia이 무증상의 근관의 50%를 차지하였으며, Neisseria, Propionibacterium, Tessaracoccus

균종은 증상이 있는 근관의 69%를 차지하였다. Operational taxonomic units (3%)로 나눈 결과 증상이 없는 치아에서

450개, 증상이 있는 치아에서 1,997개의 species가 발견되었다. 증상이 있는 치아에서 통계적으로 유의성 있게 많은 수의

세균이 검출되었다(p < 0.05).

결론: GS FLX Titanium Pyrosequencing 기법을 통해 원발성 감염근관에서 이전에 검출하지 못했던 다양한 근관내 분포

세균을 검출할 수 있었다. 

주요단어: 무증상(Asymptomatic); 분류학(Taxonomy); 원발성 치근단 치주염; 증상(Symptomatic); Pyrosequencing; 

16S rRNA gene
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