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SUMMARY

The microbiota of the denture plaque biofilm colo-
nizing the fitting surface of dentures in edentulous
subjects with healthy palates (n = 20) and in eden-
tulous subjects with denture stomatitis (n = 20)
was studied. The numbers of bacteria colonizing
the dentures of healthy subjects was significantly
less than the numbers colonizing the dentures
of stomatitis subjects. The proportions and fre-
quency of isolation of mutans streptococci, lacto-
bacilli, bifidobacteria and yeasts were significantly
(P < 0.05) greater in the subjects with denture
stomatitis. The proportions of these organisms in
the denture plaque biofilm of the subjects with
denture stomatitis were similar to those found in
carious lesions, indicating that the site is a low pH
environment. The predominant bifidobacterial
species in the mouths of dentate subjects is Bifi-
dobacterium dentium but in the edentulous sub-
jects wearing dentures B. dentium was isolated
from only one of the 20 subjects with denture sto-
matitis and from none of the 20 subjects with
healthy palates. Instead, Bifidobacterium breve,
Bifidobacterium scardovii and Bifidobacterium
longum subsp. longum were isolated. Only a sin-
gle non-oral bifidobacterial species was isolated
from each individual and repetitive extragenic
palindromic- and BOX-polymerase chain reaction
typing methods indicated that the same genotypes
were shared between subjects. Using deferred
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antagonism spot plate assays, interspecies inhibi-
tion was demonstrated between oral isolates of
B. dentium, B. breve, B. scardovii and B. longum
subsp. longum. Here we have shown that bifido-
bacteria and caries-associated microbiota are
present in denture plaque at levels similar to those
of carious lesions and B. dentium cannot be
maintained in an edentulous mouth.

INTRODUCTION

The oral cavity contains a wide range of niches from
hard non-shedding tooth surfaces to the desquamating
epithelial surfaces of the cheek and tongue. The denti-
tion plays a significant role in determining the diversity
of the oral flora. The removal of all the teeth results in
changes in the oral microbiota including the loss of
Streptococcus mutans (Carlsson et al., 1969; Theilade
et al., 1983), which re-colonize the mouth if dentures,
with hard non-shedding surfaces, are inserted. The
insertion of a full upper denture creates a new, poten-
tially acidic, environment between the palate and the
fitting surface of the denture. This site has limited sali-
vary access and denture plaque, a biofilm on the fitting
surface of the denture, will form if the denture is not
subjected to regular hygiene procedures. Denture
plaque is a biofilm that shows increasing complexity
and increased numbers and proportions of aciduric
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organisms, including mutans streptococci, lactobacilli
and yeasts, Candida albicans in particular, with
increasing age of the denture plaque biofiim (Budtz-
Jorgensen, 1974; Theilade et al., 1983; Wright et al.,
1985; Koopmans et al., 1988; Kéndnen et al., 1991;
Sumi et al., 2003; Mizugai et al., 2007).

Bifidobacterium species are members of the micro-
biota of the gastrointestinal tracts of humans and other
mammals (Felis & Dellaglio, 2007). Bifidobacteria are
acidogenic and aciduric, gram-positive, pleomorphic,
branched, non-motile, non-spore-forming and non-fila-
mentous rods. Bifidobacteriaceae consists of seven
genera (Bifidobacterium, Aeriscardovia, Falcivibrio,
Gardnerella, Parascardovia, Scardovia and Allos-
cardovia) and about 36 species, the majority of which
have been described and isolated from the intestinal
and caecal flora. The range of taxa reported to be
commensal to the oral cavity is apparently restricted
to Bifidobacterium dentium, Scardovia inopicata and
Parascardovia denticolens. More recently, Alloscardo-
via omnicolens (Huys et al.,, 2007), isolated from
human infections and from human saliva (Beighton
et al., 2008), was described as a new closely related
genus. ‘Scardovia genomospecies C1’ (Modesto et al.,
2006) was reported from carious dentine, ‘Scardovia
sp. T01-04’ (Hooper et al., 2006) was identified, on
the basis of 16S ribosomal RNA (rRNA) sequencing,
from cellular samples taken from oral cancer cells and
two clones described as Bifidobacteriaceae (G-1 and
G-2) spp. are reported in the Human Oral Microbiome
Database (HOMD; http://www.homd.org/).

A recent comprehensive analysis of the adult intes-
tinal and faecal cultivable bifidobacterial population
showed that the main phylogenetic taxa were Bifido-
bacterium longum, Bifidobacterium pseudocatenula-
tum, Bifidobacterium adolescentis, Bifidobacterium
pseudolongum, Bifidobacterium breve and Bifidobac-
terium bifidum with B. dentium and Bifidobacterium
animalis subsp. lactis being primarily isolated from
faecal samples (Turroni et al., 2009). A similar study
in which taxon-specific primers were used to amplify
fragments of 16S rRNA genes of bifidobacteria in
faeces showed the presence of novel bifidobacterial
phylotypes, which had not been found in earlier stud-
ies of the cultivable bifidobacteria and may therefore
represent novel taxa within the genus Bifidobacterium
(Turroni et al., 2009). Breast-fed infants also harbour
a complex bifidobacterial flora but their faeces are
characterized by the presence of B. longum subsp.
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infantis. This has the ability to degrade and utilize the
oligosaccharides of milk glycoproteins as the result of
the presence of intracellular glycosidases, including
sialidase (Sanyal & Russell, 1978).

Bifidobacteria in the oral cavity are reported spo-
radically in association with dental caries (Edwards-
son, 1974; Moore et al., 1984; Maeda, 1988; van
Houte et al., 1994; Becker et al., 2002; Hoyles et al.,
2002; Sumi et al., 2003; Chavez de Paz et al., 2004;
Chhour et al., 2005; Sela et al., 2008) but not from
healthy mouths (Aas et al., 2005). However, recently
we used a mupirocin-based selective medium and
reported the isolation of bifidobacteria from 94% of
196 independent stimulated saliva samples (Beighton
et al., 2008). The predominant taxa were B. dentium,
Scardovia inopinata, B. longum, P. denticolens and
A. omnicolens. When we examined the microbiota of
root caries lesions we found that the proportion of bif-
idobacteria was associated with the clinical severity
of root caries surfaces sampled and that B. dentium
was the predominant Bifidobacterium (Mantzourani
et al., 2009). Similarly, when we examined the bifido-
bacteria isolated from occlusal carious lesions in
adults and children, bifidobacteria represented
approximately 8% of the cultivable microbiota and
B. dentium was the predominant bifidobacterial taxon
(Mantzourani et al., 2009). On sound occlusal enamel
surfaces the frequency of isolation of bifidobacteria
was significantly less than in the carious lesions
but again B. dentium was the predominant bifido-
bacterium (Mantzourani et al., 2009).

To gain a better understanding of the distribution of
B. dentium in the mouth we investigated the microbi-
ota of denture plaque in edentulous subjects. As this
site permits the proliferation of C. albicans, an organ-
ism that grows and survives in a low pH environment,
we hypothesized that other aciduric oral microbiota,
mutans streptococci, lactobacilli, yeasts and bifidobac-
teria would also proliferate. Therefore we investigated
the bifidobacterial microbiota of the denture plaque of
edentulous patients with healthy palates and with pal-
ates exhibiting clinical signs of denture stomatitis.

METHODS

Clinical status of subjects

Subjects selected for the study were adult patients
of the Prosthodontics Department of King's College
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London Dental Institute. They were all medically sta-
ble with no acute medical conditions and receiving no
antibiotic treatment. The procedure was fully
explained to the patient and verbal consent was
obtained. Ethical approval was obtained by a local
Research Ethics Committee for collection of the pla-
que samples from the fitting surface of the upper
complete dentures. Twenty denture plague samples
were collected from patients with Newton type Il den-
ture stomatitis (24; a generalized mucosal inflamma-
tion of the denture-bearing area) and 20 plaque
samples were collected from healthy complete den-
ture wearers with no sign of palatal inflammation.

Collection of samples and microbiological
processing

Denture plaque samples were obtained in a standard-
ized manner using a sterile, microbiological 5-ul loop
(Cheshire Scientific Ltd, Ellesmere Port, UK) and run-
ning it once across the fitting surface of the upper
complete denture from left to right on the level of the
maxillary ridge. The sample represented the total
number of organisms on this area of the denture and
in most instances the 5-ul loop was not filled. The
samples were immediately suspended each in 1.0 ml
of anaerobically pre-reduced Fastidious Anaerobic
Broth (Oxoid, Basingstoke, UK), placed on ice and
processed within 2 h. In addition, paraffin-wax-stimu-
lated whole saliva samples, which provide a repre-
sentative sample of all intra-oral biofilms, were
obtained from 25 dentate adults, not wearing den-
tures (Beighton et al., 2008).

The denture plague samples were dispersed by
thoroughly vortexing each sample for 10 s with sterile
glass beads and one in 10 dilutions were prepared in
Fastidious Anaerobic Broth (LabM, Bury, UK). Aliqu-
ots of 100 ul of appropriate dilutions of the denture
plague samples were spread on to selective media,
modified trypticase—phytone—yeast (MTPY) (Rada &
Petr, 2000; Mantzourani et al., 2009) for bifidobacte-
ria, Rogosa Agar for lactobacilli, Sabauraud—Dextrose
Agar for vyeasts and tryptone—yeast—cysteine—
sucrose—bacitracin agar for mutans streptococci, in
each sample as previously described (Beighton et al.,
2008; Mantzourani et al., 2009). The diluted stimu-
lated saliva samples were only inoculated on to
MTPY for the enumeration of bifidobacteria. The total
number of cultivable bacteria in the plaque samples
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was determined by plating appropriate dilutions onto
a non-selective enriched culture medium, Fastidious
Anaerobe Agar (FAA; LabM), supplemented with 5%
(volume/volume) defibrinated horse blood as
described previously (Mantzourani et al., 2009). The
microbial counts of bifidobacteria in saliva were
expressed as colony-forming units (CFU) per ml of
saliva and counts of bifidobacteria, lactobacilli, yeasts
and mutans streptococci in denture plaque samples
were expressed as a percentage of the total cultiva-
ble colony count. The detection limit for all taxa was
10 CFU in both saliva and biofilm samples.

Identification of bifidobacteria

To determine the numbers of bifidobacteria in each
sample the total number of presumptive bifidobacteri-
al colonies on the MTPY medium was counted and
the number of each colony type determined. On
MTPY medium presumptive colonies of bifidobacteria
appear as white, domed colonies with entire or erose
edges up to 2 mm in diameter. For each colony type
typically 15-20 colonies were sub-cultured from each
sample and tested for fructose-6-phosphate phospho-
ketolase (Orban & Patterson, 2000) and examined by
Gram staining. To identify the presumptive bifidobac-
teria each isolate was grown overnight on TPY med-
ium (Rada & Petr, 2000) and a suspension of each
was prepared in 50 ul of sterile deionized water and
used as the DNA template. A partial sequence of the
16S rBNA gene was obtained by amplifying the gene
fragment using the genus-specific polymerase chain
reaction (PCR) primers Bif164mod: 5-GGGTGGTAA
TRCCSRATG-3" and Bif662mod: 5-CCACCGTTACA
CCGRGAA-3 modified from those reported previ-
ously (Venema & Maathuis, 2003). The PCR amplifi-
cation was achieved using the following reaction
mixture (25 pl final volume) which comprised 4 pl
MgCl, 25 mm, 25p 10 x buffer, 1 ul dNTPs
(3.125 mm), 1 pl Bifi64mod forward primer, 1 pl
Bif662mod reverse primer, 0.5 pul Tag DNA polymer-
ase (ABGene, Epsom, UK), 14 ul distilled H,O and
1 ul DNA extract. The thermal cycling conditions
were an initial denaturation at 94°C for 5 min, dena-
turation at 94°C for 60 s., annealing at 58°C for
30 s., extension at 72°C for 1.3 min, repeated for 34
cycles and final extension at 72°C for 7 min. The
PCR amplicons were cleaned by polyethyleneglycol
precipitation and sequenced in reactions containing
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2 ul PCR product, 0.5 ul BigDye v3.0 (Applied Bio-
systems, Warrington, UK), 1.75 pl of 5 x solution buf-
fer (Applied Biosystems), 1.75 ul sterile UHQ water
and 4 ul primer (3 pmol). The cycling protocol and
the cleaning of sequencing reaction products were as
described in the manufacturer's protocols and
sequencing was performed using an ABI 3730xI DNA
Analyzer (Applied Biosystems). The 16S rRNA
sequence data were manually corrected and edited
using BIOEDIT (Hall, 1999) and the isolates were
identified using the Ribosomal Database Project
(Cole et al., 2007) or by BLAST (Altschul et al., 1997)
searching.

For better characterization of the isolates identified
by 16S rRNA sequencing as B. longum a representa-
tive sample (n = 16; two from each subject harbour-
ing B. longum) was tested for their ability to produce
acid from the following carbohydrates: glucose,
L-arabinose, melezitose, ribose and D-glucuronate to
assist in the differentiation of the three subspecies of
B. longum (Mattarelli et al., 2008). Additionally, we
tested for the production of intracellular sialidase
activity produced by B. longum subsp. infantis and
not by the other two subspecies (Sanyal & Russell,
1978). Organisms were grown on TPY and FAA for
2-3 days and suspended in 1 ml of 50 mm N-Tris
(hydroxymethyl)methyl-2-aminoethanesulphonic acid
buffer (pH 7.5) (TES buffer; Sigma, Poole, Dorset,
UK) and permeabilized by vigorous vortexing with
25 pl toluene. Assays were set up using 200 pl per-
meabilized cell suspension and 20 pl of a 100 pg/ml
solution of 2’-4-methylumbelliferyl-a-D-N-acetylneu-
raminic acid (Sigma) in TES buffer. The assays were
incubated at 37°C for 3 h and release of methylum-
bellyferone was determined using a plate-reading
fluorimeter (Fluoroskan Ascent FL; Thermo Fisher
Scientific, Loughborough, UK). B. longum subsp.
longum (NCC 2705) and B. longum subsp. infantis
(DSM 20088) were used as control organisms.

Genotyping of isolates

To determine if the same strains of B. longum, Bifido-
bacterium scardovii or B. breve were being isolated
from the denture plaque samples of different subjects
we compared two isolates from each subject using
repetitive extragenic palindromic PCR (REP-PCR)
and BOX-PCR as previously described (Masco et al.,
2003; Beighton et al., 2008). These two PCR-based
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genotyping methods use different conserved genomic
sequences to generate amplicons. The amplicons are
separated by electrophoresis, providing a fingerprint
for each isolate. The amplicons were examined after
staining with Gel Red Nucleic Acid Stain (Cambridge
BioScience Ltd, Cambridge. UK) on an Alphalmager
HP (GRI Ltd., Essex, UK) and compared visually.
Isolates were considered identical if they exhibited
the same REP-PCR patterns and the same BOX-
PCR patterns, otherwise they were considered non-
identical.

Testing for interspecies inhibition

Test organisms, B. dentium (OC02_B09 and
12A_B14) isolated previously from occlusal caries
lesions (Mantzourani et al., 2009), selected at ran-
dom, and strains of B. longum subsp. longum (1_B08
and 8_B13), B. breve (DS2-5_B03 and DS2-18_B02)
and B. scardovii (DS2-23_A02 and DS2-34_B04) iso-
lated from denture plaque samples of different indi-
viduals in the present study were used in these
experiments. No other isolates were used or
screened for inhibitory activity. These eight isolates
were screened for inhibitor production against each
other using a deferred antagonism spot plate proce-
dure (O’Riordan & Fitzgerald, 1998). The test strains
were grown on the surface of TPY agar, containing
2% (weight/volume) (3-[N-morpholino] propanesul-
phonic acid, MOPS), as 5-mm diameter spots inocu-
lated using a sterile plastic loop. Following 48 h of
growth at 37°C anaerobically, plates were overlaid
with the indicator bacteria. The indicator lawn was
prepared by adding 0.5 ml of 48-h grown culture in
Brain—Heart Infusion Broth (Oxoid) supplemented
with 0.5 g/l L-cysteine.HCI, to 5 ml of molten overlay
medium [TPY agar, containing 2% (W/V) MOPS]
which was poured gently over the surface of the inoc-
ulated test plates. Plates were re-incubated for 48 h
at 37°C anaerobically. Inhibition was apparent as
clear zones of growth inhibition around producer
strains and recorded as present or absent.

Statistical analysis

To compare the total number of bacteria [as
log10(CFUper sample)], frequency of isolation and
proportional representation of individual taxa, data
were analysed using chi-square tests (Preacher,
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2001) or appropriate non-parametric statistical tests
within SPSSPC* (Version 15, Chicago, IL).

RESULTS

The mean age of the patients with Newton Type Il
denture stomatitis was 64 years, 12 were men and
eight were women while the mean age of the sub-
jects with no denture stomatitis was 69 years and
eight were men and 12 were women. The total num-
ber of bacteria, expressed as log1o(CFU per sample),
recovered using FAA, the non-selective medium,
from the dentures of the subjects with denture stoma-
titis was significantly greater than from the dentures
of the healthy subjects (6.43 + 0.26 and 4.87 + 0.28,
respectively, Mann-Whitney U-test, P < 0.001). The
detection limit for the organisms isolated from the
selective culture media is 10 CFU and when
expressed as a percentage of the total number of
bacteria recovered on FAA this will be approximately
< 0.0002% for the samples from patients with den-
ture stomatitis and < 0.01% for the healthy subjects.

M. Mantzourani et al.

Bifidobacteria were isolated from 18 out of 20 sam-
ples from the patients who presented with Newton’s
Type Il denture stomatitis, from only one of the 20
samples from healthy denture wearers (x® = 28.97;
P < 0.0001) and from 100% of the saliva samples
from the dentate subjects. The bifidobacteria formed
6.88 + 3.12% of the total bacterial count from the
denture plaque in subjects with denture stomatitis
(Table 1). The frequency of isolation of bifidobacteria
from subjects with denture stomatitis was significantly
greater than from the healthy subjects (x? = 28.972;
P < 0.001). Lactobacilli were isolated from 19 of the
20 individuals with denture stomatitis and from six of
the 20 healthy subjects (x® = 18.03; P < 0.0001) and
formed 8.74 + 2.74% and 1.63 + 1.15%, respectively,
of the total bacterial count (P < 0.01). Mutans
streptococci were present in 14 of the 20 subjects
with denture stomatitis and in six healthy patients
(x® = 6.40; P < 0.011) and formed 2.48 + 1.05% and
0.05 = 0.02%, respectively, of the total bacterial
count (P < 0.01). Yeasts were isolated from 18 out of
the 20 subjects with denture stomatitis and from six

Table 1 Proportional representation, as percentage of the total anaerobic colony count, of bifidobacteria isolated from individual denture
plaque samples in healthy complete denture wearers (n = 20) and in complete denture wearers with denture stomatitis (n = 20)

Bifidobacterium
Sample Total Bifidobacterium Parascardovia Bifidobacterium Scardovia longum subsp. Bifidobacterium
number bifidobacteria dentium denticolens scardovii genomosp. C1 longum breve
Denture plaque samples from healthy edentulous patients’
1 4.9 - - - 4.8 -
Denture plaque from edentulous patients with denture stomatitis®
1 1.4 - - - 1.4 -
2 0.4 - - - - 0.4
3 5.9 - - - 5.9 -
4 25.7 - - 25.7 - - -
5 20.0 - 0.002 - - 20.0
6 2.3 - - - - 23
7 1.1 - - - A -
8 2.7 - - . - - -
9 0.01 - - 0.01 - - -
10 0.9 0.2 - - - 0.7
11 6.9 - - 6.93 - - -
12 1.7 - - - 1.7 -
13 0.1 - - - 0.1 -
14 58.7 - - - 58.7 -
15 41 - - - 41 -
16 1.4 - - 1.44 - - -
17 43 - 0.9 - - -
18 0.02 - 0.004 0.02 - -

'Bifidobacteria were isolated from one of 20 healthy subjects.

2Bifidobacteria were isolated from 18 of 20 subjects with denture stomatitis.
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of the 20 healthy subjects (x® = 15.0; P < 0.0001)
and they formed 2.27 + 0.85% and 0.11 + 0.07%,
respectively, of the total cultivable flora (P < 0.05).

A total of 227 presumptive bifidobacteria were sub-
cultured and identified from the 19 denture plaque
samples from which bifidobacteria were isolated and
102 were identified as B. longum, 69 as B. scardovii,
39 as B. breve, eight as Scardovia genomosp. C1, five
as P. denticolens and four were identified as B. den-
tium. B. longum was the predominant bifidobacterium
in seven out of the 18 subjects with denture stomatitis
and was the only bifidobacterial species isolated from
the single healthy subject from whom bifidobacteria
were isolated (Table 1). The B. longum isolates fer-
mented glucose, L-arabinose, melezitose and ribose
and did not produce sialidase, on either medium, indi-
cating that they were B. longum subsp. longum. From
the subjects with denture stomatitis B. scardovii was
isolated from six, B. breve from four, P. denticolens
from three and Scardovia genomosp. C1 and B. den-
tium were each isolated from one subject. The fre-
quency of isolation of B. dentium from the saliva
samples of the dentate subjects was significantly
greater than from all the denture wearers (76 and
2.5%, respectively x® = 41.038; P < 0.001).

The non-oral bifidobacteria (B. longum, B. scardovii
and B. breve) were isolated as the only bifido-
bacterium from most subjects. However, in four subjects
they were isolated in conjunction with oral bifido-

1 2 3 4

Non-oral bifidobacteria and denture plaque biofilm

bacteria (B. dentium, P. denticolens and Scardovia
genomosp.C1). This high frequency of isolation of
non-oral bifidobacteria from the subjects (18/20) with
denture stomatitis was significantly greater than the
isolation of non-oral bifidobacteria from the saliva sam-
ples of the dentate adults (2 = 23.467; P < 0.001) but
the frequency of isolation from the healthy denture
wearers and the saliva samples was not significantly
different [y = 0.543; P = 0.461 (Yate’s correction)].

The REP-PCR amplicons patterns obtained for the
B. longum isolates, two each from each of the eight
subjects from which B. longum was isolated, were
found to form only four distinct patterns (Fig. 1)
whereas with the BOX-PCR only two patterns were
obtained for the same 16 strains (not shown). In
seven subjects the two B. longum isolates examined
had the same REP-PCR and BOX-PCR patterns, but
in the eighth subject the REP-PCR, but not the BOX-
PCR, patterns were different. The BOX-PCR patterns
obtained with the B. scardovii strains indicated that
multiple genotypes were present in the same subject
and that all four subjects harboured different geno-
types. The REP-PCR was not discriminatory for the
B. scardovii isolates. Consideration of the REP-PCR
and BOX-PCR patterns obtained with the B. breve
isolates indicated that both strains from an individual
were the same and that two subjects each had
unique genotypes while the remaining two subjects
harboured the same genotype.

M A A B B M CAA A

Figure 1 Repetitive extragenic palindromic polymerase chain reaction (REP-PCR) patterns obtained with Bifidobacterium longum isolates.
Two isolates from each subject were examined and isolates with the same REP-PCR pattern were assigned letters (A-E); lanes marked M
are pGEM DNA marker maximum size 2,645 bp (Promega, Madison, WI).
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We found that the two B. dentium isolates from
occlusal caries were each inhibited in deferred antag-
onism spot plate assays by the B. longum, B. scard-
ovii and B. breve isolates, as indicated by zones of
reduced growth around the producer strains. How-
ever, we also found that the B. longum, B. breve and
B. scardovii were all inhibited by the B. dentium
isolates. A representative example of inter-species
inhibition is shown in Fig. 2.

DISCUSSION

The oral cavity presents numerous surfaces for
microbial colonization. Changes in the oral environ-
ment including tooth loss and denture wearing result
in changes in the oral microflora (Mizugai et al.,
2007; Sela et al., 2008). Many studies have concen-
trated previously on the role of oral yeasts as a con-
tributory factor to denture stomatitis (Cawson, 1965;
Budtz-Jérgensen, 1974; Wright et al., 1985) although
a few other studies have suggested a role for denture
plaque bacteria (Theilade et al., 1983; Koopmans
et al., 1988). There have been few studies on the
microbiota of edentulous patients with complete den-

Figure 2 Example of inter-species inhibition identified using the
deferred antagonism spot plate assay. Producer strains Bifidobacte-
rium dentium (1 = OC02_B09 and 2 = 12A_B14), Bifidobacterium
breve (3 = DS2-5_B03 and 4 = DS2-18_B02) and B. longum subsp.
longum (5 =8_B13 and 6 = 1_B08) were grown anaerobically for
48 h as 5-mm spots, overlaid with indicator strain Bifidobacterium
scardovii DS2-23_A02 and reincubated anaerobically for a further
48 h to permit growth of bacterial lawn and the formation of zones
of inhibition.
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tures but S. mutans was shown to re-establish in the
mouths of edentulous subjects after the placement of
complete dentures (Carlsson et al., 1969; Theilade
et al., 1983). In this report we have confirmed that
mutans streptococci may be isolated from denture
plague. We have also demonstrated that the frequency
of isolation and proportional representation of the
aciduric, caries-associated taxa in denture plaque are
related to the numbers of organisms cultured from
the denture surface and the clinical status of the pal-
ate. The more severe clinical condition was related to
the accumulation of the biofilm on the fitting surface
of the denture. We did not measure the pH of the
denture plaque but the isolation of the oral microbiota
at such high levels at this site indicates the acidic
environment of the biofilm. These same taxa prolifer-
ate in active open occlusal carious lesions that have
a mean pH of 4.9 (Hojo et al., 1994). The greater
numbers and proportions of aciduric microbiota in the
denture plaque biofilm associated with the more
severe denture stomatitis may be a consequence of
poor denture hygiene and limited salivary access to
the site so that the normal functioning of saliva to
remove bacterially generated acids (Mandel, 1987)
from the mouth is diminished. The proportions of
mutans streptococci, lactobacilli, bifidobacteria and
yeasts in denture plaque are similar to those we have
previously reported for active root caries in adults
(Mantzourani et al., 2009) and active occlusal caries
in adults and children (Mantzourani et al., 2009).

B. longum has been reported to be the most preva-
lent bifidobacterial species in the human gut (Turroni
et al., 2009). B. longum, B. infantis and B. suis were
unified (Sakata et al., 2002) into the single species
B. longum, on the basis of DNA-DNA hybridization
but later it was proposed that three biotypes of
B. longum should be re-classified as three sub-
species, which should be recognized on the basis of
their different phenotypic properties (Mattarelli et al.,
2008). On the basis of the phenotypic characteristics
of the isolates identified as B. longum by 16S rRNA
sequencing these isolates were identified as B. lon-
gum subsp. longum.

In previous studies bifidobacteria have been iso-
lated from carious teeth but studies of the oral micro-
biota using 16S rRNA cloning and sequencing
procedures have usually not reported the presence of
bifidobacteria in the healthy adult mouth (Aas et al.,
2005). We had expected to find that the predominant
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bifidobacteria isolated from the denture plaque would
be B. dentium because this was the predominant bifi-
dobacterium isolated from dentate subjects (Beighton
et al., 2008). However, B. dentium was only isolated
from one of 40 edentulous denture-wearing subjects.
Clearly B. dentium does not follow the same pattern
as S. mutans (Theilade et al., 1983) because it does
not simply require a hard intra-oral surface to colo-
nize but may need a different intra-oral habitat, which
is lost upon the removal of the dentition. As the pro-
portions and numbers of B. dentium from sound
enamel tooth surfaces are low (Mantzourani et al.,
2009) it may be that B. dentium preferentially colo-
nizes exposed dentine present in carious lesions and
the dentine of exposed root surfaces.

Non-oral bifidobacteria readily gain access to the
oral cavity as 10% of dentate adults harboured
B. longum (Beighton et al., 2008) and here the major-
ity of bifidobacteria isolated from the edentulous sub-
jects were colonized by B. longum and B. breve. It is
likely that these species gain access to the mouth via
a faecal-oral route. Such a possibility has been sug-
gested for the oral lactobacilli (Caufield et al., 2007)
and it has been shown that food-borne Enterococcus
faecalis may be isolated from endodontic infections
(Razavi et al,, 2007). It may also be that they may
colonize the oral cavity as a result of food regurgita-
tion or vomiting but these possibilities were not
explored in this population group. It is apparent that
further investigations are required to understand the
ecology of the bifidobacterial flora of the human oral
cavity both in dentate and edentulous individuals.

There have been few reports of the isolation of
B. scardovii; the initial description of the species
(Hoyles et al., 2002) was based on five independent
clinical isolates obtained from urine samples, blood
and a hip infection. Another isolate (CCUG 55376)
from human blood has been deposited in the Culture
Collection, University of Goéteborg, Sweden and we
isolated B. scardovii from the oral cavity of two of
196 dentate subjects (Beighton et al., 2008). The
major habitat of B. scardovii is therefore not known
but clearly the denture plagque environment is suitable
for its proliferation. Detailed studies of the faecal bifi-
dobacteria and mucosally associated bifidobacteria
failed to detect B. scardovii (Turroni et al., 2009,
2009) suggesting that the human gut is not a major
habitat for this species. Clearly both B. breve and
B. longum have the human gut as their major habitat
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but insufficient independent strains of B. scardovii
have been isolated from defined habitats to support
the hypothesis that the oral cavity is its major habitat.
It is also of interest that the three non-oral bifidobac-
terial species isolated from denture plaque are phylo-
genetically closely related, being present in the same
cluster when compared using 16S rRNA homology
(Hoyles et al., 2002). This may suggest that the spe-
cies had a common ancestor and may share traits
relevant to their ability to colonize denture plaque
and perhaps other human anatomical sites.

We had expected that the B. longum isolates from
the denture plaque would be different in each subject
when examined using REP-PCR as we had previ-
ously found that B. longum isolates from dentate
subjects were different in each individual (Beighton
et al., 2008). No other data are available on genotyp-
ing of B. scardovii or B. breve isolated from the oral
cavity. The B. breve isolates were more diverse than
the B. longum but even so, shared genotypes were
observed in only four subjects. This may suggest
that the ability to colonize denture plaque is
restricted to certain genotypes of B. longum and
B. breve.

B. longum, B. breve and B. scardovii were each
isolated in the absence of the other two non-oral spe-
cies and it may therefore be that they exhibit mutual
antagonisms. Bifidobacteria have been tested in
numerous assays, usually for their ability to inhibit
human pathogenic bacteria (Cheikhyoussef et al.,
2008) but here we have tested oral isolates for their
ability to inhibit each other. Such a possibility was
provided by an earlier study (O’Riordan & Fitzgerald,
1998) in which isolates of B. breve and B. longum
were shown to be mutually antagonistic. We have not
investigated the mechanisms underlying these inter-
actions but we used a buffered medium (O’Riordan &
Fitzgerald, 1998) to reduce the possibility of pH-medi-
ated inhibition nor have we demonstrated the produc-
tion of this inter-genus inhibitory activity in vivo.
However, the data here suggest that inhibition of
B. dentium in the denture plaque by the other spe-
cies may be more potent than the inhibitory activity of
B. dentium and that colonization by one of the non-
oral bifidobacteria prevents colonization of the den-
ture plaque by other non-oral bifidobacteria.

In conclusion we have evidence based on the iso-
lation and enumeration of caries-associated microbi-
ota that denture plaque associated with denture
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stomatitis has a microflora similar to that of active
caries lesions. The predominant bifidobacteria in the
oral cavity of dentate adults, B. dentium, may be
replaced by non-oral bifidobacterial species, B. lon-
gum subsp. longum, B. breve and B. scardovii in the
oral cavity of edentulous denture wearers.

ACKNOWLEDGEMENTS

The authors acknowledge support from the Dental
Institute, King's College London and from the Depart-
ment of Health via the National Institute for Health
Research  (NIHR) comprehensive  Biomedical
Research Centre award to Guy’s and St Thomas’
NHS Foundation Trust in partnership with King’s Col-
lege London and King’s College Hospital NHS Foun-
dation Trust.

REFERENCES

Aas, J.A., Paster, B.J., Stokes, L.N., Olsen, |. and
Dewhirst, F.E. (2005) Defining the normal bacterial
flora of the oral cavity. J Clin Microbiol 43: 5721—
5732.

Altschul, S.F., Madden, T.L., Schaffer, A.A. et al. (1997)
Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs. Nucleic Acids Res
25: 3389-3402.

Becker, M.R., Paster, B.J., Leys, E.J. et al. (2002) Molec-
ular analysis of bacterial species associated with child-
hood caries. J Clin Microbiol 40: 1001-1009.

Beighton, D., Gilbert, S.C., Clark, D. et al. (2008) Isolation
and identification of Bifidobacteriaceae from human sal-
iva. Appl Environ Microbiol 74: 6457—6460.

Biavati, B., Castagnoli, P., Crociani, F. and Trovatelli, L.D.
(1984) Species of the Bifidobacterium in the feces of
infants. Microbiologica 7: 341-345.

Budtz-Jorgensen, E. (1974) The significance of Candida
albicans in denture stomatitis. Scand J Dent Res 82:
151-190.

Carlsson, J., Séderholm, G. and Almfeldt, I. (1969) Preva-
lence of Streptococcus sanguis and Streptococcus
mutans in the mouth of persons wearing full-dentures.
Arch Oral Biol 14: 243-249.

Caufield, P.W., Li, Y., Dasanayake, A. and Saxena, D.
(2007) Diversity of lactobacilli in the oral cavities of
young women with dental caries. Caries Res 41: 2-8.

Cawson, R.A. (1965) Symposium on denture sore mouth.
Il. The role of Candida. Dent Pract Dent Rec 16: 138—
142.

198

M. Mantzourani et al.

Chavez de Paz, L.E., Molander, A. and Dahlen, G. (2004)
Gram-positive rods prevailing in teeth with apical peri-
odontitis undergoing root canal treatment. Int Endod J
37: 579-587.

Cheikhyoussef, A., Pogori, N., Chen, W. and Zhang, H.
(2008) Antimicrobial proteinaceous compounds
obtained from bifidobacteria: from production to their
application. Int J Food Microbiol 125: 215-222.

Chhour, K.L., Nadkarni, M.A., Byun, R., Martin, F.E., Jac-
ques, N.A. and Hunter, N. (2005) Molecular analysis of
microbial diversity in advanced caries. J Clin Microbiol
43: 843-849.

Cole, J.R., Chai, B., Farris, R.J. et al. (2007) The ribo-
somal database project (RDP-Il): introducing myRDP
space and quality controlled public data. Nucleic Acids
Res 35: D169-D172.

Edwardsson, S. (1974) Bacteriological studies on deep
areas of carious dentine. Odontol Revy Suppl 32: 1-143.

Felis, G.E. and Dellaglio, F. (2007) Taxonomy of lactobacilli
and bifidobacteria. Curr Issues Intest Microbiol 8: 44—61.

Hall, T.A. (1999) BioEdit: a user-friendly biological
sequence alignment editor and analysis. Available from:
http://www.mbio.ncsu.edu/BioEdit/bioedit.html.

Hojo, S., Komatsu, M., Okuda, R., Takahashi, N. and
Yamada, T. (1994) Acid profiles and pH of carious dentin
in active and arrested lesions. J Dent Res 73: 1853-1857.

Hooper, S.J., Crean, S.J., Lewis, M.A., Spratt, D.A,,
Wade, W.G. and Wilson, M.J. (2006) Viable bacteria
present within oral squamous cell carcinoma tissue.

J Clin Microbiol 44: 1719-1725.

van Houte, J., Lopman, J. and Kent, R. (1994) The pre-
dominant cultivable flora of sound and carious human
root surfaces. J Dent Res 73: 1727-1734.

Hoyles, L., Inganés, E., Falsen, E. et al. (2002) Bifido-
bacterium scardovii sp. nov., from human sources.

Int J Syst Evol Microbiol 52: 995-999.

Huys, G., Vancanneyt, M., D’Haene, K., Falsen, E.,
Wauters, G. and Vandamme, P. (2007) Alloscardovia
omnicolens gen. nov., sp. nov., from human clinical
samples. Int J Syst Evol Microbiol 57: 1442—1446.

Kénoénen, E., Asikainen, S., Alaluusua, S. et al. (1991)
Are certain oral pathogens part of normal oral flora in
denture-wearing edentulous subjects? Oral Microbiol
Immunol 6: 119-122.

Koopmans, A.S., Kippuw, N. and de Graaff, J. (1988)
Bacterial involvement in denture-induced stomatitis.

J Dent Res 67: 1246-1250.

Maeda, N. (1988) Anaerobic, gram-positive, pleomorphic
rods in human gingival crevice. Bull Tokyo Med Dent
Univ 1980: 27.

Molecular Oral Microbiology 25 (2010) 190-199 © 2010 John Wiley & Sons A/S



M. Mantzourani et al.

Mandel, 1.D. (1987) The functions of saliva. J Dent Res
66: 623-627.

Mantzourani, M., Fenlon, M. and Beighton, D. (2009a)
Association between Bifidobacteriaceae and the clinical
severity of root caries lesions. Oral Microbiol Immunol
24: 32-37.

Mantzourani, M., Gilbert, S.C., Sulong, H.N.N. et al.
(2009b) The isolation of Bifidobacteriaceae from occlu-
sal carious lesions in children and adults. Caries Res
43: 308-313.

Masco, L., Huys, G., Gevers, D., Verbrugghen, L. and
Swings, J. (2003) Identification of Bifidobacterium spe-
cies using rep-PCR fingerprinting. Syst Appl Microbiol
26: 557-563.

Mattarelli, P., Bonaparte, C., Pot, B. and Biavati, B.
(2008) Proposal to reclassify the three biotypes of
Bifidobacterium longum as three subspecies: Bifido-
bacterium longum subsp. longum subsp. nov.,
Bifidobacterium longum subsp. infantis comb. nov. and
Bifidobacterium longum subsp. suis comb. nov. Int J
Syst Evol Microbiol 58: 767-772.

Mizugai, H., Isogai, E., Hirose, K. and Chiba, I. (2007)
Effect of denture wearing on occurrence of Candida
species in the oral cavity. J Appl Res 7: 250-254.

Modesto, M., Biavati, B. and Mattarelli, P. (2006) Occur-
rence of the family Bifidobacteriaceae in human dental
caries and plaque. Caries Res 40: 271-276.

Moore, W.E., Holdeman, L.V., Cato, E.P. et al. (1984)
Variation in periodontal floras. Infect Immun 1984: 46.
Orban, J.I. and Patterson, J.A. (2000) Modification of the
phosphoketolase assay for rapid identification of bifido-

bacteria. J Microbiol Methods 40: 221-224.

O’Riordan, K. and Fitzgerald, G.F. (1998) Evaluation of
bifidobacteria for the production of antimicrobial com-
pounds and assessment of performance in cottage
cheese at refrigeration temperature. J Appl Microbiol
85: 103—-114.

Preacher, K.J. (2001). Calculation for the chi-square test:
an interactive calculation tool for chi-square tests of
goodness of fit and independence [computer software].
Available from: http://www.quantpsy.org.

Molecular Oral Microbiology 25 (2010) 190-199 © 2010 John Wiley & Sons A/S

Non-oral bifidobacteria and denture plaque biofilm

Rada, V. and Petr, J. (2000) A new selective medium for
the isolation of glucose non-fermenting bifidobacteria
from hen caeca. J Microbiol Methods 43: 127—132.

Razavi, A., GmUr, R., Imfeld, T. and Zehnder, M. (2007)
Recovery of Enterococcus faecalis from cheese in the
oral cavity of healthy subjects. Oral Microbiol Immunol
22: 248-251.

Sakata, S., Kitahara, M., Sakamoto, M., Hayashi, H.,
Fukuyama, M. and Benno, Y. (2002) Unification of Bifido-
bacterium infantis and Bifidobacterium suis as Bifidobac-
terium longum. Int J Syst Evol Microbiol 52: 1945-1951.

Sanyal, B. and Russell, C. (1978) Nonsporing, anaerobic,
gram-positive rods in saliva and the gingival crevice of
humans. Appl! Environ Microbiol 35: 670-678.

Sela, D.A., Chapman, J., Adeuya, A. et al. (2008) The gen-
ome sequence of Bifidobacterium longum subsp. infantis
reveals adaptations for milk utilization within the infant
microbiome. Proc Natl Acad Sci USA 105: 18964—18969.

Sumi, Y., Kagami, H., Ohtsuka, Y., Kakinoki, Y., Harugu-
chi, Y. and Miyamoto, H. (2003) High correlation
between the bacterial species in denture plaque and
pharyngeal microflora. Gerodontology 20: 84—87.

Theilade, E., Budtz-Jorgensen, E. and Theilade, J. (1983)
Predominant cultivable microflora of plaque on remov-
able dentures in patients with healthy oral mucosa.
Arch Oral Biol 28: 675—680.

Turroni, F., Marchesi, J.R., Foroni, E. et al. (2009a) Micro-
biomic analysis of the bifidobacterial population in the
human distal gut. ISME J 3: 745-751.

Turroni, F., Foroni, E., Pizzetti, P. et al. (2009b) Exploring
the diversity of the bifidobacterial population in the
human intestinal tract. Appl/ Environ Microbiol 75: 1534—
1545.

Venema, K. and Maathuis, A.J. (2003) A PCR-based
method for identification of bifidobacteria from the
human alimentary tract at the species level. FEMS
Microbiol Lett 224: 143—149.

Wright, P.S., Clark, P. and Hardie, J.M. (1985) The preva-
lence and significance of yeasts in persons wearing
complete dentures with soft-lining materials. J Dent Res
64: 122-125.

199



Copyright of Molecular Oral Microbiology is the property of Wiley-Blackwell and its content may not be
copied or emailed to multiple sites or posted to alistserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.



