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Abstract

Objectives

The purpose of this study was to compare microbial profiles of saliva, pooled and site-spe-

cific subgingival samples in patients with periodontitis. We tested the hypotheses that saliva

can be an alternative to pooled subgingival samples, when screening for presence of

periopathogens.

Design

Site specific subgingival plaque samples (n = 54), pooled subgingival plaque samples (n =

18) and stimulated saliva samples (n = 18) were collected from 18 patients with generalized

chronic periodontitis. Subgingival and salivary microbiotas were characterized by means of

HOMINGS (Human Oral Microbe Identification using Next Generation Sequencing) and

microbial community profiles were compared using Spearman rank correlation coefficient.

Results

Pronounced intraindividual differences were recorded in site-specific microbial profiles, and

site-specific information was in general not reflected by pooled subgingival samples. Pres-

ence of Porphyromonas gingivalis, Treponema denticola, Prevotella intermedia, Filifactor

alocis, Tannerella forsythia and Parvimona micra in site-specific subgingival samples were

detected in saliva with an AUC of 0.79 (sensitivity: 0.61, specificity: 0.94), compared to an

AUC of 0.76 (sensitivity: 0.56, specificity: 0.94) in pooled subgingival samples.

Conclusions

Site-specific presence of periodontal pathogens was detected with comparable accuracy in

stimulated saliva samples and pooled subgingival plaque samples. Consequently, saliva
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may be a reasonable surrogate for pooled subgingival samples when screening for pres-

ence of periopathogens. Future large-scale studies are needed to confirm findings from this

study.

Introduction

The oral cavity is harbored by a complex and diverse microbiota, which comprises more than

700 different predominant bacterial species [1]. The oral microbiota shows a high degree of

site-specific characteristics [2], which is shaped by ecological conditions and perturbations in

different oral locations [3;4]. A symbiotic relationship between the resident oral microbiota

and the host is essential for oral homeostasis, while alteration of the subgingival microbiota is

critically involved in development of periodontitis [5].

Subgingival colonization by specific species, including the red complex bacterial species,

i.e., Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola has been reported

to be strongly associated with progression of periodontitis as determined by using DNA-DNA

checkerboard analysis [6]. The development of contemporary molecular methods has

expanded the list of potential periodontal pathogens, including Parvimonas micra and Filifac-
tor alocis [7–10]. Analysis of subgingival plaque is considered the gold standard when studying

periodontitis-associated microbial profiles. Ideally, analysis of single-site should be performed,

but for practical and economic reasons, pooled subgingival plaque samples have often been

employed [11]. However, it is well-known that detailed site-specific information might get lost

when pooled samples are employed for microbial analysis [12].

Collection of subgingival plaque samples can be a tedious procedure, which can only be

performed by trained dental professionals. On the other hand, saliva is easily obtained, even at

home by the patients themselves [13;14]. Thus, saliva has been suggested an alternative to local

microbial samples for analysis of periodontitis-associated biomarkers [15]. Salivary presence

and relative abundance of red complex periodontal pathogens associates with periodontitis

[16;17], and several studies have reported a positive correlation between presence of specific

periopathogens in pooled subgingival samples and saliva samples [18–21]. However, to the

best of our knowledge a direct comparison on the efficacy of using saliva samples as an alterna-

tive to pooled subgingival samples for screening of site-specific presence of periopathogens has

not been performed.

Thus, the purpose of this study was two-fold. 1: to characterize intra-individual variations

in site-specific subgingival samples. 2: to compare the efficacy of using saliva samples and

pooled subgingival samples for screening of site-specific presence of specific periopathogens.

We tested the hypotheses that saliva can be an alternative to pooled subgingival samples, when

screening for presence of periopathogens.

Materials and methods

Study design

Using data from a previous study, a sample size of n = 18 was estimated based on a power calcula-

tion with a difference in mean value of Shannon index of 0.1 as primary outcome (α = 0.05, β =

0.20, E = 0.10, S(Δ) = 0.15) [22]. Therefore 18 patients (11 male and 7 females, mean age: 54 yrs.)

attending Copenhagen University School of Dentistry for periodontitis treatment were included

in this study (Table 1). Patients were screened for eligibility based on full-mouth recordings of

Salivary and subgingival microbiotas
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probing pocket depth (PPD), clinical attachment level (CAL) and bleeding on probing (BOP) at

six sites on each tooth. Inclusion criteria were as follows: minimum 4 teeth with moderate to

severe periodontitis as defined by the American Academy of Periodontology [23]. Exclusion cri-

teria were as follows: use of antibiotics within the last 3 months, systemic diseases, and/or use of

medication with known effect on periodontitis. All participants signed informed consents prior

to participation. The study was approved by the regional ethical committee of the capital region

of Denmark (H-16016368) and reported to the Danish Data Authority (SUND-2016-58).

Sample collection

All samples were collected between 8AM and 2 PM and before any dental treatment had been

performed. First, a stimulated saliva sample was collected as previously described [24]. Second,

subgingival plaque samples were collected from the three sites with the deepest periodontal

pockets by use of sterile paper points according to a modified protocol from [8]. Paper points

were placed in sterile saline immediately after collection, and all samples were stored at -80 C

until further analysis. Microbial analysis was performed on pooled subgingival samples (com-

bining one paper point from each site in the same tube) and site-specific samples (separate

analysis of one paper point from each site).

HOMINGS

DNA was extracted in accordance with the manufacturer’s guidelines (protocol: Pathogen_

Universal_200, Roche, Mannheim, Germany).

The laboratory procedures of HOMINGS have been presented in detail [22;25]. Initially, DNA

concentrations were measured by a NanoDrop 8000 spectrophotometer (Thermo Scientific) fol-

lowed by PCR-based amplification of bacterial DNA (10–50 ng) using forward (341F) and reverse

(806R) primers targeting the V3-V4 region of the genes coding for 16S rRNA. Secondly, ampli-

cons were purified using AMPure beads and libraries (100 ng) were pooled, gel-purified, and

quantified using qPCR. Thirdly, samples were processed by next-generation sequencing (MiSeq,

Illumina), according to a protocol modified from [26]. Finally, after removal of bad reads and chi-

meric sequences> 3.5 M sequences were included in further analysis.

Statistical analysis

16S rDNA reads were BLASTed against a customized BLAST program (ProbeSeq for HOM-

INGS) developed at the Forsyth Institute, Cambridge, USA [27] and assigned taxonomically at

Table 1. Demographic and periodontal clinical features of the sample population.

Background data

Age (mean, range) 54 (38–75)

Gender (M/F) 11/7

Smoking status (Y/N) 10/8

PPD (mean, range)* 7 (5–10)

CAL (mean, range)* 8 (5–14)

Number of teeth with PPD�5 mm + BOP** 14 (7–27)

% teeth with PPD�5 mm + BOP** 53 (25–96)

* PPD and CAL measured in mm and expressed as mean and range from sites sampled (n = 3) from each

subject.

** Teeth with PPD�5 mm+BOP expressed as mean and range based on full mouth registration.

https://doi.org/10.1371/journal.pone.0182992.t001
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genus and species level, respectively. Samples were characterized based on relative abundance

of identified taxa and α-diversity (Shannon index), and microbial community profiles were

compared between samples using Spearman rank correlation coefficient. Data from site-spe-

cific samples from each patient was averaged and compared to data from pooled subgingival

samples, to address if a pooled subgingival sample legitimately provides combined information

on site-specific microbial profiles. To test the efficacy of using saliva and pooled subgingival

samples in screening for periopathogens, presence of 6 bacterial species (P. gingivalis, T. denti-
cola, Prevotella intermedia, F. alocis, T. forsythia and P. micra) in saliva and pooled subgingival

samples were compared to site-specific data on the individual level. AUC, sensitivity, and spec-

ificity were computed for each screening method GraphPad prism 7 (San Diego, California,

USA) and MeV 4_8_1 [28] was used as statistical software.

Results

General information

A total of 3,552,616 unique sequences were retrieved from 90 microbial samples (saliva:

n = 18, pooled subgingival samples: n = 18, site-specific subgingival samples: n = 54) using

high throughput next-generation sequencing. The mean number of DNA reads per sample

was 39,474 (range: 14,414–107,796) with a significantly higher number of reads in single-site

(40,783) and pooled (43,952) subgingival samples compared to stimulated saliva samples

(31,067) (p<0.0001).

A total number of 487 different bacterial species were identified with a mean of 142 (range:

48–220) bacterial species per sample. A complete list of all identified species is presented in the

supplemental material (S1 Table). A significantly higher number of bacterial species (observed

diversity) was recorded in saliva samples (n = 177) than in site-specific (n = 134) and pooled

subgingival samples (n = 132) (p<0.0001), whereas no significant differences in α-diversity

(Shannon-index) was observed (p>0.05).

Subgingival bacterial profiles display major intraindividual site-specific

differences

Relative abundance of the 20 predominant bacterial genera and 25 predominant bacterial spe-

cies in site-specific subgingival samples is displayed in Fig 1A and 1B. The most predominant

genera were Prevotella, Treponema and Porphyromonas constituting approx. 25% of the DNA

reads with a high degree of intra- and interindividual variation. Comparison of correlation in

microbial community profiles using Spearman rank correlation coefficient showed completely

random distribution of site-specific subgingival plaque samples, with no tendency of clustering

of samples collected from the same patient (Fig 2A and 2B).

Pooled subgingival samples is not an average of site-specific samples

Comparable mean levels of the 20 predominant bacterial genera and 25 predominant bacterial

species were identified in averaged site-specific samples and pooled subgingival samples (S1A

and S1B Fig). However, major intra- and interindividual differences in the relative abundance

of the 20 predominant bacterial genera and 25 predominant bacterial species were observed in

averaged site-specific samples and pooled subgingival samples (Fig 3A and 3B). Spearman

rank correlation coefficient displayed no correlation between averaged site-specific subgingival

plaque samples and pooled subgingival plaque samples collected from the same patient (Fig

4A and 4B).

Salivary and subgingival microbiotas
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Saliva is as proficient as pooled subgingival plaque samples to screen

for periopathogens

Major differences in mean levels of the 20 predominant bacterial genera and 25 predominant

bacterial species were observed in saliva compared to pooled subgingival samples and averaged

site-specific samples (S1A and S1B Fig). Presence of P. gingivalis, T. denticola, P. intermedia, F.

alocis, T. forsythia and P. micra in site-specific subgingival samples were compared to carriage

of the same species in saliva and pooled subgingival samples collected from the same patient.

In saliva samples, the 6 species were detected with an AUC of 0.79 (sensitivity: 0.61, specificity:

0.94), compared to an AUC of 0.76 (sensitivity: 0.56, specificity: 0.94) in pooled subgingival

samples.

Discussion

The purpose of the present investigation was to compare microbial community profiles of

saliva, pooled and site-specific subgingival samples collected from the same patient. We tested

whether saliva can be used as a surrogate for pooled plaque when screening for presence of

periopathogens.

Subgingival colonization by specific bacterial species including P. gingivalis, T. forsythia and

T. denticola are associated with periodontitis [6;8;29], and reduction of these specific bacterial

taxa correlates with success of periodontal treatment [30]. Furthermore, the composition of sub-

gingival biofilm in healthy sites in patients with periodontitis has been reported to differentiate

Fig 1. Site-specific subgingival microbiota. A: Relative abundance of the 20 predominant bacterial genera. B: Relative abundance of the 25

predominant bacterial species. Sample denotation: P1-P18: Person 1–18. S1-S3: Sample 1–3.

https://doi.org/10.1371/journal.pone.0182992.g001
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from sites in healthy controls [12;31]. However, site-specific variation in subgingival profiles

may be evident, as demonstrated by data from the present study (Figs 1A, 1B, 2A and 2B).

These results were probably influenced by individual differences in pocket depth [32] and

potentially by site-specific impact of smoking status [12]. Nevertheless, this finding illuminates

individual diversity of subgingival microbiotas, and highlights the necessity for separate sam-

pling and analysis of all healthy and diseased sites, when conducting studies aiming at character-

ization of the subgingival microbiota under various health status conditions. Obviously,

translation of this setup in the routine clinical setting is hampered by the expensive and time-

consuming nature of this approach.

Thus, pooling of subgingival samples has often been used to minimize the cost of microbial

analysis in clinical periodontology. Pooled subgingival samples have been reported to suffi-

ciently retrieve high numbers of bacterial counts, when compared to single-site subgingival

plaque samples [33]. However, a pooled sample should include information from each site,

and ideally be an average of data from each site combined. To test if this was the case, we math-

ematically computed an average sample based on combined information of relative abundance

in site-specific samples. Data showed that in the majority of cases, a pooled sample was not an

average of the samples combined, as pronounced differences in relative abundance of predom-

inant genera and species in averaged and pooled samples were evident (Fig 3A and 3B). Thus,

Fig 2. Clustering analysis of site-specific samples. A: Sample-tree clustering of site-specific samples. B: Heat-map of site-specific

samples. Sample denotation: P1-P18: Person 1–18. S1-S3: Sample 1–3.

https://doi.org/10.1371/journal.pone.0182992.g002
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while pooled subgingival samples may be sufficient in clinical screening of bacterial resistance

prior to antibiotic treatment, precaution should be taken when interpreting correlations of

species specific data.

We used paper points to sample subgingival sites, as this method is routinely used for

microbial analysis at Copenhagen University School of Dentistry. Furthermore, this sampling

method has been reported to be as sufficient as curette sampling for microbial analysis of the

subgingival microbiota [34]. Comparable numbers of sequences generated (pooled samples

n = 43,952 vs. single-site samples n = 40,783, p>0.05), number of species identified (pooled

samples n = 132 vs. single-site samples n = 134, p = 0.74) and α-diversity (pooled samples: 2.45

vs. single-site samples: 2.45, p = 0.88) was recorded in single-site and pooled subgingival sam-

ples, which suggests that the sampling strategy had a minimal impact on data.

In contrast to subgingival samples, saliva can easily be sampled with a high degree of repro-

ducibility [22;35]. Salivary carriage of periodontal pathogens [16;36], and correlation of perio-

pathogens in pooled subgingival samples and saliva samples has be reported in periodontitis

patients [18–21]. Thus, even though the composition of the core salivary microbiota is differ-

ent from that of subgingival plaque (S1A and S1B Fig)[4], salivary screening of specific perio-

pathogens may be considered as a parameter in periodontitis risk assessment. However, a

comparison on the efficacy of using saliva versus pooled subgingival samples for screening of

site-specific presence of periopathogens has not been performed. Thus, we referenced identifi-

cation of 6 periopathogens (P. gingivalis, T. denticola, T. forsythia, P. intermedia, P. micra and

F. alocis) in saliva samples and pooled subgingival samples to that of single-site subgingival

samples in each patient. Periopathogens were not identified in saliva if they were not simulta-

neously present in at least one site-specific subgingival sample. Furthermore, the 6 species

Fig 3. Pooled subgingival microbiota vs. average of site-specific subgingival microbiotas. A: Relative abundance of the 20 predominant bacterial

genera. B: Relative abundance of the 25 predominant bacterial species. Sample denotation: P1-P18: Person 1–18. A: Averaged samples. P: pooled

samples.

https://doi.org/10.1371/journal.pone.0182992.g003
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were detected in saliva samples with an AUC of 0.79 (sensitivity: 0.61, specificity: 0.94) com-

pared to single-site identification, which was comparable to an AUC of 0.76 (sensitivity: 0.56,

specificity: 0.94) in pooled subgingival samples. Therefore, data from this study indicate that

saliva may be a useful alternative to pooled subgingival samples in screening studies.

In conclusion, findings from this study underline the importance of always choosing a sam-

pling strategy which strictly complies with the aim of the microbiological trial. Furthermore,

saliva may be a reasonable surrogate for pooled plaque when screening for presence of specific

periopathogens. Future large-scale studies are needed to confirm findings from this study.

Supporting information

S1 Table. List of identified bacterial genera and species.

(XLSX)

S1 Fig. Mean levels of bacterial genera and species. A: Mean relative abundance of the 20

predominant bacterial genera. B: Mean relative abundance of the 25 predominant bacterial

species in pooled subgingival samples, averaged site-specific samples and saliva.

(PNG)

Fig 4. Clustering analysis of pooled and averaged samples. A: Sample-tree clustering of pooled and averaged site-specific samples.

B: Heat-map of pooled and averaged site-specific samples. Sample denotation: P1-P18: Person 1–18. A: Averaged samples. P: pooled

samples.

https://doi.org/10.1371/journal.pone.0182992.g004

Salivary and subgingival microbiotas

PLOS ONE | https://doi.org/10.1371/journal.pone.0182992 August 11, 2017 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182992.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182992.s002
https://doi.org/10.1371/journal.pone.0182992.g004
https://doi.org/10.1371/journal.pone.0182992


Author Contributions

Conceptualization: Daniel Belstrøm, Bruce J. Paster, Palle Holmstrup.

Formal analysis: Daniel Belstrøm, Maria Lynn Sembler-Møller, Nikolai Kirkby, Sean Liam

Cotton.

Funding acquisition: Daniel Belstrøm.

Methodology: Maria Lynn Sembler-Møller.

Writing – original draft: Daniel Belstrøm, Bruce J. Paster, Palle Holmstrup.

Writing – review & editing: Maria Lynn Sembler-Møller, Maria Anastasia Grande, Nikolai

Kirkby, Sean Liam Cotton.

References
1. Paster BJ, Boches SK, Galvin JL, Ericson RE, Lau CN, Levanos VA, et al. Bacterial diversity in human

subgingival plaque. J Bacteriol 2001 Jun; 183(12):3770–83. https://doi.org/10.1128/JB.183.12.3770-

3783.2001 PMID: 11371542

2. Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE. Defining the normal bacterial flora of the oral cav-

ity. J Clin Microbiol 2005 Nov; 43(11):5721–32. https://doi.org/10.1128/JCM.43.11.5721-5732.2005

PMID: 16272510

3. Jenkinson HF, Lamont RJ. Oral microbial communities in sickness and in health. Trends Microbiol 2005

Dec; 13(12):589–95. https://doi.org/10.1016/j.tim.2005.09.006 PMID: 16214341

4. Segata N, Haake SK, Mannon P, Lemon KP, Waldron L, Gevers D, et al. Composition of the adult

digestive tract bacterial microbiome based on seven mouth surfaces, tonsils, throat and stool samples.

Genome Biol 2012; 13(6):R42. https://doi.org/10.1186/gb-2012-13-6-r42 PMID: 22698087

5. Kilian M, Chapple IL, Hannig M, Marsh PD, Meuric V, Pedersen AM, et al. The oral microbiome—an

update for oral healthcare professionals. Br Dent J 2016 Nov 18; 221(10):657–66. https://doi.org/10.

1038/sj.bdj.2016.865 PMID: 27857087

6. Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr. Microbial complexes in subgingival pla-

que. J Clin Periodontol 1998 Feb; 25(2):134–44. PMID: 9495612

7. Spooner R, Weigel KM, Harrison PL, Lee K, Cangelosi GA, Yilmaz O. In Situ Anabolic Activity of Peri-

odontal Pathogens Porphyromonas gingivalis and Filifactor alocis in Chronic Periodontitis. Sci Rep

2016 Sep 19; 6:33638. https://doi.org/10.1038/srep33638 PMID: 27642101

8. Colombo AP, Boches SK, Cotton SL, Goodson JM, Kent R, Haffajee AD, et al. Comparisons of subgin-

gival microbial profiles of refractory periodontitis, severe periodontitis, and periodontal health using the

human oral microbe identification microarray. J Periodontol 2009 Sep; 80(9):1421–32. https://doi.org/

10.1902/jop.2009.090185 PMID: 19722792

9. Heller D, Silva-Boghossian CM, do Souto RM, Colombo AP. Subgingival microbial profiles of general-

ized aggressive and chronic periodontal diseases. Arch Oral Biol 2012 Jul; 57(7):973–80. https://doi.

org/10.1016/j.archoralbio.2012.02.003 PMID: 22377404

10. Perez-Chaparro PJ, Goncalves C, Figueiredo LC, Faveri M, Lobao E, Tamashiro N, et al. Newly identi-

fied pathogens associated with periodontitis: a systematic review. J Dent Res 2014 Sep; 93(9):846–58.

https://doi.org/10.1177/0022034514542468 PMID: 25074492

11. Teles R, Teles F, Frias-Lopez J, Paster B, Haffajee A. Lessons learned and unlearned in periodontal

microbiology. Periodontol 2000 2013 Jun; 62(1):95–162.

12. Socransky SS, Haffajee AD. Periodontal microbial ecology. Periodontol 2000 2005; 38:135–87.

13. Baum BJ, Yates JR III, Srivastava S, Wong DT, Melvin JE. Scientific frontiers: emerging technologies

for salivary diagnostics. Adv Dent Res 2011 Oct; 23(4):360–8. https://doi.org/10.1177/

0022034511420433 PMID: 21917746

14. Liu J, Duan Y. Saliva: a potential media for disease diagnostics and monitoring. Oral Oncol 2012 Jul; 48

(7):569–77. https://doi.org/10.1016/j.oraloncology.2012.01.021 PMID: 22349278

15. Yoshizawa JM, Schafer CA, Schafer JJ, Farrell JJ, Paster BJ, Wong DT. Salivary biomarkers: toward

future clinical and diagnostic utilities. Clin Microbiol Rev 2013 Oct; 26(4):781–91. https://doi.org/10.

1128/CMR.00021-13 PMID: 24092855

Salivary and subgingival microbiotas

PLOS ONE | https://doi.org/10.1371/journal.pone.0182992 August 11, 2017 9 / 11

https://doi.org/10.1128/JB.183.12.3770-3783.2001
https://doi.org/10.1128/JB.183.12.3770-3783.2001
http://www.ncbi.nlm.nih.gov/pubmed/11371542
https://doi.org/10.1128/JCM.43.11.5721-5732.2005
http://www.ncbi.nlm.nih.gov/pubmed/16272510
https://doi.org/10.1016/j.tim.2005.09.006
http://www.ncbi.nlm.nih.gov/pubmed/16214341
https://doi.org/10.1186/gb-2012-13-6-r42
http://www.ncbi.nlm.nih.gov/pubmed/22698087
https://doi.org/10.1038/sj.bdj.2016.865
https://doi.org/10.1038/sj.bdj.2016.865
http://www.ncbi.nlm.nih.gov/pubmed/27857087
http://www.ncbi.nlm.nih.gov/pubmed/9495612
https://doi.org/10.1038/srep33638
http://www.ncbi.nlm.nih.gov/pubmed/27642101
https://doi.org/10.1902/jop.2009.090185
https://doi.org/10.1902/jop.2009.090185
http://www.ncbi.nlm.nih.gov/pubmed/19722792
https://doi.org/10.1016/j.archoralbio.2012.02.003
https://doi.org/10.1016/j.archoralbio.2012.02.003
http://www.ncbi.nlm.nih.gov/pubmed/22377404
https://doi.org/10.1177/0022034514542468
http://www.ncbi.nlm.nih.gov/pubmed/25074492
https://doi.org/10.1177/0022034511420433
https://doi.org/10.1177/0022034511420433
http://www.ncbi.nlm.nih.gov/pubmed/21917746
https://doi.org/10.1016/j.oraloncology.2012.01.021
http://www.ncbi.nlm.nih.gov/pubmed/22349278
https://doi.org/10.1128/CMR.00021-13
https://doi.org/10.1128/CMR.00021-13
http://www.ncbi.nlm.nih.gov/pubmed/24092855
https://doi.org/10.1371/journal.pone.0182992


16. Paju S, Pussinen PJ, Suominen-Taipale L, Hyvonen M, Knuuttila M, Kononen E. Detection of multiple

pathogenic species in saliva is associated with periodontal infection in adults. J Clin Microbiol 2009 Jan;

47(1):235–8. https://doi.org/10.1128/JCM.01824-08 PMID: 19020069

17. Belstrom D, Paster BJ, Fiehn NE, Bardow A, Holmstrup P. Salivary bacterial fingerprints of established

oral disease revealed by the Human Oral Microbe Identification using Next Generation Sequencing

(HOMINGS) technique. J Oral Microbiol 2016; 8:30170. https://doi.org/10.3402/jom.v8.30170 PMID:

26782357

18. Haririan H, Andrukhov O, Bertl K, Lettner S, Kierstein S, Moritz A, et al. Microbial analysis of subgingival

plaque samples compared to that of whole saliva in patients with periodontitis. J Periodontol 2014 Jun;

85(6):819–28. https://doi.org/10.1902/jop.2013.130306 PMID: 24144271

19. Boutaga K, Savelkoul PH, Winkel EG, Van Winkelhoff AJ. Comparison of subgingival bacterial sampling

with oral lavage for detection and quantification of periodontal pathogens by real-time polymerase chain

reaction. J Periodontol 2007 Jan; 78(1):79–86. https://doi.org/10.1902/jop.2007.060078 PMID:

17199543

20. He J, Huang W, Pan Z, Cui H, Qi G, Zhou X, et al. Quantitative analysis of microbiota in saliva, supragin-

gival, and subgingival plaque of Chinese adults with chronic periodontitis. Clin Oral Investig 2012 Dec;

16(6):1579–88. https://doi.org/10.1007/s00784-011-0654-4 PMID: 22169888

21. Nickles K, Scharf S, Rollke L, Dannewitz B, Eickholz P. Comparison of Two Different Sampling Methods

for Subgingival Plaque: Subgingival Paper Points or Mouthrinse Sample? J Periodontol 2017 Apr; 88

(4):399–406. https://doi.org/10.1902/jop.2016.160249 PMID: 27786617

22. Belstrom D, Holmstrup P, Bardow A, Kokaras A, Fiehn NE, Paster BJ. Temporal Stability of the Salivary

Microbiota in Oral Health. PLoS One 2016; 11(1):e0147472. https://doi.org/10.1371/journal.pone.

0147472 PMID: 26799067

23. American Academy of Periodontology Task Force Report on the Update to the 1999 Classification of

Periodontal Diseases and Conditions. J Periodontol 2015 Jul; 86(7):835–8. https://doi.org/10.1902/jop.

2015.157001 PMID: 26125117

24. Bardow A, Lykkeaa J, Qvist V, Ekstrand K, Twetman S, Fiehn NE. Saliva composition in three selected

groups with normal stimulated salivary flow rates, but yet major differences in caries experience and

dental erosion. Acta Odontol Scand 2014 Aug; 72(6):466–73. https://doi.org/10.3109/00016357.2013.

860621 PMID: 24308632

25. Gomes BP, Berber VB, Kokaras AS, Chen T, Paster BJ. Microbiomes of Endodontic-Periodontal

Lesions before and after Chemomechanical Preparation. J Endod 2015 Dec; 41(12):1975–84. https://

doi.org/10.1016/j.joen.2015.08.022 PMID: 26521147

26. Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D, Lozupone CA, Turnbaugh PJ, et al. Global pat-

terns of 16S rRNA diversity at a depth of millions of sequences per sample. Proc Natl Acad Sci U S A

2011 Mar 15; 108 Suppl 1:4516–22.

27. Krishnan K, Chen T, Paster BJ. A practical guide to the oral microbiome and its relation to health and

disease. Oral Dis 2017 Apr; 23(3):276–286. https://doi.org/10.1111/odi.12509 PMID: 27219464

28. Saeed AI, Bhagabati NK, Braisted JC, Liang W, Sharov V, Howe EA, et al. TM4 microarray software

suite. Methods Enzymol 2006; 411:134–93. https://doi.org/10.1016/S0076-6879(06)11009-5 PMID:

16939790

29. Teles RP, Patel M, Socransky SS, Haffajee AD. Disease progression in periodontally healthy and main-

tenance subjects. J Periodontol 2008 May; 79(5):784–94. https://doi.org/10.1902/jop.2008.070485

PMID: 18454656

30. Colombo AP, Bennet S, Cotton SL, Goodson JM, Kent R, Haffajee AD, et al. Impact of Periodontal

Therapy on the Subgingival Microbiota of Severe Periodontitis: Comparison between Good Responders

and "Refractory" Subjects by the Human Oral Microbe Identification Microarray (HOMIM). J Periodontol

2012 Oct; 83(10):1279–87. https://doi.org/10.1902/jop.2012.110566 PMID: 22324467

31. Riviere GR, Smith KS, Tzagaroulaki E, Kay SL, Zhu X, DeRouen TA, et al. Periodontal status and

detection frequency of bacteria at sites of periodontal health and gingivitis. J Periodontol 1996 Feb; 67

(2):109–15. https://doi.org/10.1902/jop.1996.67.2.109 PMID: 8667130

32. Socransky SS, Haffajee AD, Smith C, Dibart S. Relation of counts of microbial species to clinical status

at the sampled site. J Clin Periodontol 1991 Nov; 18(10):766–75. PMID: 1661305

33. Krigar DM, Kaltschmitt J, Krieger JK, Eickholz P. Two subgingival plaque-sampling strategies used with

RNA probes. J Periodontol 2007 Jan; 78(1):72–8. https://doi.org/10.1902/jop.2007.060236 PMID:

17199542

34. Jervoe-Storm PM, Alahdab H, Koltzscher M, Fimmers R, Jepsen S. Comparison of curet and paper

point sampling of subgingival bacteria as analyzed by real-time polymerase chain reaction. J Periodon-

tol 2007 May; 78(5):909–17. https://doi.org/10.1902/jop.2007.060218 PMID: 17470026

Salivary and subgingival microbiotas

PLOS ONE | https://doi.org/10.1371/journal.pone.0182992 August 11, 2017 10 / 11

https://doi.org/10.1128/JCM.01824-08
http://www.ncbi.nlm.nih.gov/pubmed/19020069
https://doi.org/10.3402/jom.v8.30170
http://www.ncbi.nlm.nih.gov/pubmed/26782357
https://doi.org/10.1902/jop.2013.130306
http://www.ncbi.nlm.nih.gov/pubmed/24144271
https://doi.org/10.1902/jop.2007.060078
http://www.ncbi.nlm.nih.gov/pubmed/17199543
https://doi.org/10.1007/s00784-011-0654-4
http://www.ncbi.nlm.nih.gov/pubmed/22169888
https://doi.org/10.1902/jop.2016.160249
http://www.ncbi.nlm.nih.gov/pubmed/27786617
https://doi.org/10.1371/journal.pone.0147472
https://doi.org/10.1371/journal.pone.0147472
http://www.ncbi.nlm.nih.gov/pubmed/26799067
https://doi.org/10.1902/jop.2015.157001
https://doi.org/10.1902/jop.2015.157001
http://www.ncbi.nlm.nih.gov/pubmed/26125117
https://doi.org/10.3109/00016357.2013.860621
https://doi.org/10.3109/00016357.2013.860621
http://www.ncbi.nlm.nih.gov/pubmed/24308632
https://doi.org/10.1016/j.joen.2015.08.022
https://doi.org/10.1016/j.joen.2015.08.022
http://www.ncbi.nlm.nih.gov/pubmed/26521147
https://doi.org/10.1111/odi.12509
http://www.ncbi.nlm.nih.gov/pubmed/27219464
https://doi.org/10.1016/S0076-6879(06)11009-5
http://www.ncbi.nlm.nih.gov/pubmed/16939790
https://doi.org/10.1902/jop.2008.070485
http://www.ncbi.nlm.nih.gov/pubmed/18454656
https://doi.org/10.1902/jop.2012.110566
http://www.ncbi.nlm.nih.gov/pubmed/22324467
https://doi.org/10.1902/jop.1996.67.2.109
http://www.ncbi.nlm.nih.gov/pubmed/8667130
http://www.ncbi.nlm.nih.gov/pubmed/1661305
https://doi.org/10.1902/jop.2007.060236
http://www.ncbi.nlm.nih.gov/pubmed/17199542
https://doi.org/10.1902/jop.2007.060218
http://www.ncbi.nlm.nih.gov/pubmed/17470026
https://doi.org/10.1371/journal.pone.0182992


35. Belstrom D, Holmstrup P, Bardow A, Kokaras A, Fiehn NE, Paster BJ. Comparative analysis of bacterial

profiles in unstimulated and stimulated saliva samples. J Oral Microbiol 2016; 8:30112. https://doi.org/

10.3402/jom.v8.30112 PMID: 26987356

36. Kononen E, Paju S, Pussinen PJ, Hyvonen M, Di TP, Suominen-Taipale L, et al. Population-based

study of salivary carriage of periodontal pathogens in adults. J Clin Microbiol 2007 Aug; 45(8):2446–51.

https://doi.org/10.1128/JCM.02560-06 PMID: 17567788

Salivary and subgingival microbiotas

PLOS ONE | https://doi.org/10.1371/journal.pone.0182992 August 11, 2017 11 / 11

https://doi.org/10.3402/jom.v8.30112
https://doi.org/10.3402/jom.v8.30112
http://www.ncbi.nlm.nih.gov/pubmed/26987356
https://doi.org/10.1128/JCM.02560-06
http://www.ncbi.nlm.nih.gov/pubmed/17567788
https://doi.org/10.1371/journal.pone.0182992

