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Differentiation of salivary bacterial profiles of subjects
with periodontitis and dental caries
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Bacterial profiles of saliva in subjects with periodontitis and dental caries have been demonstrated to differ
from that of oral health. The aim of this comparative analysis of existing data generated by the Human Oral
Microbe Identification Microarray (HOMIM) from 293 stimulated saliva samples was to compare bacterial

profiles of saliva in subjects with periodontitis and dental caries.
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been investigated (1, 2), and has been shown to be

most closely associated with the bacterial profile
of the throat, the tonsils, and the dorsum of the tongue
(3). However, our group has recently demonstrated that
bacterial profiles of saliva in samples from subjects with
periodontitis or dental caries differ significantly from that
of oral health (4, 5). Thus, the purpose of the present analy-
sis was to directly compare existing data on bacterial
profiles of saliva from subjects with periodontitis with
those from individuals with dental caries.

The present comparative analysis is part of a group of
investigations analyzing the microbial profiles of the
same batch of stimulated saliva samples from the Danish
Health Examination Survey (DANHES) (4-6). Thus, in this
analysis, we used existing data generated by the Human
Oral Microbe Identification Microarray (HOMIM) from
a periodontitis group and from a dental caries group that
have previously been compared against a control cohort
(4, 5). Periodontitis was defined as bleeding on probing
(BOP) at >25% of total sites, minimum of two teeth with
clinical attachment level >4 mm, and minimum two teeth
with probing depth >6 mm. Dental caries was defined

The bacterial profile of saliva in oral health has

as untreated caries lesions on at least three surfaces.
We excluded data from 10 subjects who had both period-
ontitis and dental caries. Therefore, in this analysis, data
from a total of 129 periodontitis subjects were compared
with data from 164 subjects with dental caries. Because
we previously demonstrated that smoking has a profound
effect on microbial profiles (6), we also performed a sepa-
rate comparative analysis of data from non-smoking sub-
jects (periodontitis n =98, dental caries n =139).

The cohort of DANHES and the subpopulation parti-
cipating in the oral part of DANHES have previously been
presented (7, 8), and the protocols describing clinical
examination and collection of stimulated saliva samples
have been outlined in detail (7). Briefly, the periodontal
examination was performed in two randomly selected
quadrants (one in the upper and one in the lower jaw),
except third molars, including gingival margin position,
probing pocket depth and BOP recorded at six sites on
each tooth. Full mouth was screened for caries. Caries was
recorded as a clinically cavitated lesion present on surface
and tooth levels. No information from dental radio-
graphs was included in this study. The laboratory proce-
dure of DNA isolation (6) and subsequent DNA-DNA
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hybridization to a HOMIM (9, 10) has been described
previously. In brief, HOMIM is a culture-independent
technique that uses two separate PCR amplifications
and subsequent DNA—-DNA hybridization for identifica-
tion of around 300 bacterial species, as single-stranded
fluorescent-labeled PCR products are captured by highly
specific bacterial 16S rRNA probes (18—20 bases) printed
on a customized aldehyde-coated glass slide. Based on a
qualitative HOMIM value of each target, further analysis
was performed with the HOMIM online tool (http:/
bioinformatics.forsyth.org/homim/).

In this present analysis, comparisons between groups
at taxon/cluster level were performed using information
about frequency and mean HOMIM values from 327 pro-
bes as end points by means of Mann—Whitney test with
Benjamini-Hochberg correction for multiple dependent
assumptions (11). An adjusted p-value < 0.01 was con-
sidered statistically significant. In addition, data reduction
and graphic presentation were performed using princi-
pal component analysis. We used GraphPad Prism 5 (San
Diego, CA) and MeV 4.8.1 (12) to analyze and plot our
data.

The present comparative analysis of the periodontitis
group and the dental caries group revealed a significant
higher mean age (56.8 years) in the periodontitis group
than in the dental caries group (50.1 years; p <0.0001).
In addition, the periodontitis group tended to comprise a
higher proportion of daily smokers (24%) as compared to
the dental caries group (15%; p =0.06).

Streptococcus salivarius_ot755 **

Veillonella atypica_ot524 ***

Tannerella forsythia_ot613 **

Streptococcus australis and sp clone FN042_ot065/073 **
Parvimonas micra_ot111 **

Megasphaera micronuciformis_ot122 **

Leptotrichia sp clones CBMKM102 and GT018_ot417/462 *
Granulicatella adiacens and elegans_ot534/596 ***
Fusobacterium periodontium_ot201 **

Clostridiales[F-2] [G-1] sp clone_F058_ot075 ***
Bifidobacterium animalis ss animalis and lactis ***

Atopobium sp clone_C019_ot199 ****

Achromobacter xylosoxidans_ot343 **

Targets of 12 probes (recognizing eight bacterial taxa
and four bacterial clusters) were present significantly more
often and at significantly higher levels (mean HOMIM
value) in samples from periodontitis subjects (adjusted
p-value < 0.01) as compared to samples from subjects with
dental caries. In contrast, Streptococcus salivarius was the
only bacterial target detected significantly more often, and
at significantly higher levels, in samples from subjects
with dental caries (adjusted p-value < 0.01) (Figs. 1 and 2).
A separate analysis of samples from non-smoking sub-
jects revealed that the same bacterial taxa and clusters
were significantly associated with samples from the period-
ontitis group and dental caries group, as in the analysis
comprising all subjects (data not shown). Data reduction
through principal component analysis was performed to
provide two-dimensional presentation of differences ob-
served at taxon/cluster level, as mean HOMIM values of
all probes identified were used as the end point to calculate
the principal components of this n-dimensional data set.
Based on the third most decisive component (component 3),
accounting for 7.8% of the total variation of the data set,
separation of samples from periodontitis and dental caries
patients was evident (Fig. 3).

It is noteworthy that we, indeed, determined two putative
periodontal pathogens, Parvimonas micra and Tannerella
forsythia, to be more associated with samples from subjects
with periodontitis than from dental caries subjects. These
results are in line with previous studies analyzing local
bacterial community profiles associated with periodontitis,
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Fig 1. Probe targets identified to be present with different frequency in saliva samples from subjects with periodontitis and dental
caries. Taxa and clusters identified at significantly different frequencies in samples from periodontitis and caries subjects. Binary
values (presence/absence) of each probe target were compared between the periodontitis group and the caries group.
The presence of each target as % of total samples is displayed. White bars: periodontitis group. Black bars: dental caries group.
*: adjusted p-value <0.01, **: adjusted p-value <0.001, ***: adjusted p-value < 1.0 x 10 >, ****: adjusted p-value <1.0 x 10 ~°.
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Streptococcus salivarius_ot755 **

Veillonella parvula_ot161 **

Veillonella atypica_ot524 ****

Tannerella forsythia_ot613 ***

Streptococcus australis and sp clone FN042_ot065/073 *

Parvimonas micra_ot111 ***

Megasphaera micronuciformis_ot122 ***

_eptotrichia sp clones C3MKM102 and GT018_ot417/462 *

Granulicatella adiacens and elegans_ot534/596 ****

Fusobacterium periodontium_ot201 **

Clostridiales[F-2] [G-1] sp clone_F058_ot075 **
Bifidobacterium animalis ss animalis and lactis ** -
Atopobium sp clone_C019_ot199 *** +—

Achromobacter xylosoxidans_ot343 ** 4+—
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Fig. 2. Probe targets observed at different levels in saliva samples from subjects with periodontitis and dental caries. Taxa and
clusters identified at significantly different levels (mean Human Oral Microbe Identification Microarray [HOMIM] value) in
samples from subjects with periodontitis and subjects with dental caries. Mean HOMIM value of each taxon/cluster was compared
between the periodontitis group and the caries group. The mean level of each target is displayed. White bars: periodontitis group.
Black bars: dental caries group. *: adjusted p-value < 0.01, **: adjusted p-value < 0.001, ***: adjusted p-value < 1.0 x 10~

##k%: adjusted p-value < 1.0 x 10 8,
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Fig 3. Principal component analysis. Principal component analysis was used for exploration of mathematical patterns, as mean

HOMIM values (level) from each probe, were used as parameters for investigation.
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demonstrating that P micra, T. forsythia, Megasphaera
micronuciformis, Veillonella parvula, and Leptotrichia species
were more associated with local periodontal lesions than
with healthy controlsites (9, 13). Furthermore, S. salivarius
has been shown previously to be more associated with
orthodontic-induced caries lesions than with healthy control
sites (14) and also with caries in the permanent dentition
(15). Interestingly, the different bacterial profiles between
subjects with periodontitis and subjects with dental caries
appeared to be independent of smoking status. This sug-
gests that the impact of oral disease status on bacterial
profiles of saliva may be more significant than that of
smoking status.

Recent studies of stimulated saliva samples, performed by
our group, on the same HOMIM-generated data set, have
only sporadically identified suggested periodontal patho-
gens and cariogenic bacteria as Porphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, and Streptococcus
mutans (4-6). In line with this observation, this subsequent
comparative analysis found none of these organisms to be
predominantly associated with periodontitis or dental caries.
This finding is conflicting with earlier reports, demonstrat-
ing that presence of P, gingivalis, A. actinomycetemcomitans,
and other bacteria in saliva samples was associated with
periodontitis (16, 17). Likewise, the presence of S. mutans
in saliva has been suggested as a biomarker of early child-
hood caries (18). A possible explanation for these conflict-
ing findings could be that these organisms were actually
present in the samples, but in quantities below the detection
limit of HOMIM. However, the association of P. micra and
T. forsythia with saliva samples from subjects with period-
ontitis in this analysis suggests that local bacterial alterations
in relation to periodontitis, and possibly dental caries, may
be detected in saliva samples.

In conclusion, these comparative analyses suggest that
bacterial salivary profiles of subjects with periodontitis
and dental caries are differentiated from each other and
that these differences are independent of smoking status.
Obviously, longitudinal and interventional studies are
warranted to further evaluate if bacterial profiles of saliva
have the potential to serve as a biomarker of periodontitis
and dental caries.
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