doi: 10.7213/archivesoforalresearch.09.001.AR02  ISSN 2236-8035
Archives of Oral Research, v.9,n. 1, p. 61-73, Jan/Apr. 2013
Licensed under a Creative Commons License

The promise of probiotics in dentistry

A promessa dos probioticos em Odontologia

Binu Neelikad Sugunan'®, Resmi Chandrahasan Nair!®!

@ BDS, MDS, Endodontist, Ministry of Health, Kuwait, e-mail: drbinumds@yahoo.co.in
(I BDS, MDS, Periodontist, Ministry of Defense, Kuwait.

Abstract

Resumo

Objectives: The aim of this review is to examine the potential mechanisms of probiotic bacteria in the oral
cavity and to summarize the observed effects of probiotics with regard to oral health. Additionally, safety
concerns and future aspects are briefly considered. Data sources: Studies suggest that probiotics may func-
tion not only by direct inhibition of—or enhanced competition with—pathogenic micro-organisms, but also
by more subtle mechanisms including modulation of the mucosal immune system. Clinical studies report-
ing the anticariogenic effects of probiotics and their use in the treatment of periodontal disease and in the
treatment of halitosis and Candida albicans have been identified. Study selection: The studies focus on pro-
biotic Lactobacilli and Bifidobacteria genera that are most used in various probiotic products. Conclusions:
Although direct recommendations for the use of oral probiotics cannot yet be given, scientific evidence so
far indicates that probiotic therapy may be a reality in dentistry in the future.
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Objetivo: O objetivo desta revisdo é analisar os mecanismos potenciais de bactérias probiéticas na cavidade
oral e resumir os efeitos observados de probidticos em relagdo a satide oral. Além disso, preocupagdes com a
seguranga e os aspectos futuros sdo brevemente considerados. Fontes de dados: Estudos sugerem que os pro-
biédticos podem funcionar ndo sé pela inibigdo direta - ou aumento da concorréncia com - os micro-organismos
patogénicos, mas também por mecanismos mais sutis, incluindo a modulagdo do sistema imunoldgico da mu-
cosa. Foram identificados estudos clinicos relatando os efeitos anticariogénicos dos probicticos e sua utilizagdo
no tratamento de doengas periodontais e no tratamento de halitose e Candida albicans. Sele¢do dos estudos:
Os estudos focam os probidticos lactobacilos e bifidobactérias, que sdo os mais utilizados em vdrios produtos
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probidticos. Conclusodes: Apesar de ndo haver ainda possibilidade de se recomendar diretamente o uso de pro-

bidticos orais, as evidéncias cientificas até o momento indicam que a terapia probidtica pode ser uma realidade

na Odontologia no futuro.

Palavras-chave: Probiéticos. Satide bucal. Lactobacillus. Bifidobacterium.

Introduction

In recent years, there have been significant
changes with regard to the effectiveness of—and
attitudes towards—conventional antimicrobial
therapy to combat disease. With the emergence
of bacterial resistance to conventional antibiotics,
there is an increased necessity not only to minimi-
ze antibiotic use and develop novel non-antibiotic-
-based treatments, but also to raise the profile of
disease prevention. There arose an impetus to dis-
cover and implement new and preferably “natural”
antibiotics to treat or prevent bacterial infections,
a niche that bacterial interference therapy media-
ted by beneficial bacteria could easily fill. There is
a public appetite for new therapies that recognize
the importance of maintaining the natural balance
of the resident microbiota and modulating the host
immune responses to the microflora at a site. The
concept of probiotics was thus born and a new field
of microbiology was opened.

The term probiotics, the antonym of antibiotics,
was introduced in 1965 by Lilly and Stillwell (1)
as substances produced by microorganisms, whi-
ch promote the growth of other microorganisms.
Gradually, as the body of evidence of probiotic effec-
tiveness accumulated, new features to the defini-
tion were appended, broadening their implication.
Schrezemeir and de Vrese (2) defined probiotics as
a preparation of—or a product containing—viable,
defined microorganisms in sufficient numbers, whi-
ch alter the microflora (by implantation or coloni-
zation) in a compartment of the host and as such
exert beneficial health effects in this host. Endorsed
by the Food and Agriculture Organization and the
World Health Organization, the definition of probio-
tics, in 2001, described them as live microorganis-
ms which when administered in adequate amounts
confer health benefits on the host. (3)

The most commonly known probiotic bacte-
rial strains belong to the genera Lactobacillus and
Bifidobacterium. (4) These bacteria are generally

regarded as safe (GRAS) because they can reside
in the human body causing no harm and, on the
other hand, they are key microorganisms in milk
fermentation and food preservation and used as
such from the dawn of humankind. Other microor-
ganisms classified into this group include yeast and
moulds, e.g., Saccharomyces cerevisiae, Aspergillus
niger, Aspergillus oryzae, Candida pintolopesii,
Saccharomyces boulardii.

Traditionally, probiotics have been associated
with gut health, and most clinical interest has fo-
cused on the prevention or treatment of gastroin-
testinal infections and diseases. (4) However, these
changing attitudes are also relevant to the preven-
tion of dental diseases and there is an increased
interest in the use of strategies that do not involve
conventional antimicrobial agents for oral care. (5)
There has been a paradigm shift away from treating
dental diseases by targeting specific oral pathogens
towards an ecological and microbial community-ba-
sed approach to understand conditions such as ca-
ries and periodontal diseases. Considering the par-
ticular activities of probiotics and their inhibitory
effect on the growth of pathogens, research interest
has also been extended to the oral cavity where pro-
biotics may exert their therapeutic or preventive
effect on the development and progression of com-
mon oral diseases.

Probiotics and the mouth

The oral cavity is a rather intricate habitat pro-
viding the establishment of a great diversity of mi-
crobial species. It has been recently estimated that
over a thousand bacterial species are present in the
oral cavity. (6) Bacteria reside in the mouth either
in planktonic state or are finely integrated as bio-
film on various oral surfaces. Oral biofilms are dy-
namically changing and develop increasingly com-
plex structures as they mature. Interaction between
species is characteristic in biofilms. Furthermore,
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bacteria in biofilms differ physiologically from their
planktonic counterparts and tend to be much more
resistant to environmental factors and antimicro-
bial agents. On the other hand, saliva is the essential
medium in the mouth contributing to the microbial
diversity. It plays an integral role in propagating oral
biofilms. Salivary flow can easily lead to detachment
of some microbes from biofilm surfaces, and thus
modulate microbial colonization. Furthermore, as
a complex medium, saliva contains different pro-
teins with bactericidal, bacteriostatic or inhibitory
activity that collectively may damage a variety of
species in planktonic state. (7) Biofilm species com-
position can also depend on phenomena like auto
or coagreggation that may prevent microorganisms
from establishing themselves in the biofilms. Thus
the multifaceted nature of biofilm development and
multivariate species interactions are important to
assert true probiotic candidates with activity in the
oral cavity.

Probiotic resistance to oral
defense mechanisms

Considering the oral cavity as the main entry to
the gastrointestinal tract, ingested probiotics are
exposed first to saliva, which mediates the contact
with hard and soft oral tissues. During this first step
of contact with the macro-organism, survival and
resistance to environmental factors in the mouth
are of paramount importance. Salivary proteins
such as lysozyme, lactoferrin, histatin, salivary pe-
roxidase, cystatins and secretory immunoglobulin A
(slgA) can collectively affect viability or cell surface
morphology of probiotic species, further affecting
their adhesion and metabolic activity. In vitro stu-
dies testing probiotic survival in saliva have shown
that Lactobacillus and Bifidobacterium strains can-
not grow in saliva but remain viable after 24 hours
of incubation. (8) Adhesion could be considered
of primary importance that further favors the ex-
pression of probiotic activity. The capacity of pro-
biotics to adhere to surfaces of the oral cavity can
avoid or at least reduce rapid exclusion from the
environment. In the mouth, adhesion is a necessa-
ry phenomenon in the microbe-saliva interactions.
Additionally, biofilm covering both mouth muco-
sa and dental hard tissues should be regarded as
a mediator influencing adhesion. The mechanisms

of adhesion in lactobacilli involve hydrophobicity
and surface charge, as well as specific carbohydrate
and/or proteinaceous components. (9) Species in
the genus Lactobacillus have a superior adherence
capacity to teeth and oral mucosal surfaces than
Bifidobacterium species. (10) In vitro studies have
assessed adhesion by measuring the attachment of
bacteria to saliva-coated hydroxyapatite (sHA) and
oral epithelium. (11) Probiotics and putative pro-
biotic strains have been shown to vary extensive-
ly in their adhesiveness to sHA. Among probiotics
strains, Lactobacillus rhamnosus GG presented the
highest values of adhesion, comparable to those of
the early tooth colonizer Streptococcus sanguinis.
Dairy starter L. bulgaricus strains adhered poorly to
sHA. Furthermore it was shown that lysozyme pre-
treatment of lactobacilli can slightly increase their
adhesiveness to saliva coated surfaces. (11) Viability
of lactobacilli after lysozyme pretreatment was not
significantly reduced, but cell surface alterations
might have contributed to the increased adhesion.
Saliva-mediated aggregation is another aspect to
be considered when assessing the establishment of
probiotics in the mouth. Aggregation ability is rela-
ted to cell adherence properties. Auto-aggregating
strains express profound cell surface hydropho-
bicity that may improve colonization. Organisms
able to co-aggregate with other bacteria may have
greater advantages over non-coaggregating orga-
nisms which are easily removed from the mouth.
To emphasize the role of aggregation, recent results
have shown that L. salivarius W2431 was unable to
form a biofilm when incubated as a monoculture in
a microplate model, whereas when the species was
added simultaneously with the inoculum of other
commensal oral microorganisms, it established it-
self irrespective of pH. (12) Similar findings were
observed with L. plantarum SA-1 and L. rhamnosus
ATCC7469 that failed to form substantial biofilms in
mono-culture, but biofilm mass increased when co-
-cultured with Actinomyces naeslundii. (13)

Oral microbiota as a source of probiotics

In the oral cavity, lactobacilli usually comprise
less than 1% of the total cultivable microbiota, and
no species specific to the oral cavity has been found.
Species commonly isolated from saliva samples in-
clude L. paracasei, L. plantarum, L. rhamnosus and
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L. salivarius. (14) Culture-based studies suggest
that Bifidobacteria are among the first anaerobes
in the oral cavity. Bifidobacterial species isolated
from oral samples include Bifidobacterium bifidum,
B. dentium and B. longum. (15) Regarding normal
microbiota and oral health, there seem to be di-
fferences in the ability of lactobacilli isolated from
caries-active or healthy subjects to inhibit S. mutans
in vitro. (16) In addition, the species composition of
both Lactobacillus and Bifidobacterium microbiota
is different between patients with periodontitis and
the periodontally healthy ones. (17) These observa-
tions suggest that microorganisms with probiotic
properties may indeed exist and reside in the oral
cavity.

Potential mechanisms of probiotic
effects in the oral cavity

The general mechanisms of probiotics can be
divided in three main categories: normalization of

the intestinal microbiota, modulation of the immu-
ne response and metabolic effects. The mechanisms
of probiotic action in the oral cavity could be analo-
gous to those described for the intestine. Possible
ways that probiotic bacteria might affect oral health
are summarized in Figure 1. (18)

Modulation of the immune system

Probiotics may provide beneficial effects by sti-
mulating nonspecific immunity and modulating
the humoral and cellular immune response. (19)
Although the specific results varied, generally an
enhanced salivary IgA production was observed
during probiotic treatment. (20) Probiotic bacte-
ria have been shown to influence immune respon-
ses non-specifically by enhancing the phagocytosis
of pathogens and modifying cytokine production.
Recent studies have highlighted mucosal dendritic
cells as important arbiters of oral mucosal immune
responses. (21) Probiotics stimulate dendritic cells

Probiotic bacteria
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- Compete for adhesion sites
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growth factors

|

- Compete for nutrients and

- Produce antimicrobial
compounds including acids

\

- Enhance the host immune
responses e.g. Enhance the
production of IgA and defensins.
- Inhibit pathogen induces production
of pro-inflammatory cytokines
- Decrease MMP production

|

Inhibition of adhesion
and enhanced clearance

Inhibition of growth of pathogens and
other effects on dental plaque ecology

Influence on local and
systemic immune responses

Antagonism against pathogens

Reduction of inflammation
and tissue destruction

Figure 1 - Potential mechanisms of probiotic effects in the oral cavity
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(antigen presenting cells) resulting in expression of
Th1 (T-helper cell 1) or Th2 (T-helper cell 2) res-
ponse, which modulates immunity. Intracellular
pathogens are handled by Th1 response, while ex-
tracellular pathogens are taken care by Th2 respon-
se. Perhaps the most intriguing aspect of probio-
tic modulation of immune response is through its
effects on cytokine production. Probiotics stimulate
and modulate the mucosal immune system by re-
ducing the production of pro-inflammatory cytoki-
nes through the action on Nuclear Factor-kappa B
(NFkB) pathways. (22) Probiotics have also been
shown to increase the production of anti-inflamma-
tory cytokines as well as decrease matrix metallo-
proteinase (MMP) activity. (23) The epithelial lining
of the oral cavity, despite its function as a physical
barrier, actively participates in immune response.
Probiotic bacteria express ligands for toll-like re-
ceptors (TLRs), which initiate immune responses
enabling recognition of both pathogens and indige-
nous microbiota by epithelial cells. Recognition of
commensal bacteria by TLRs is necessary for ho-
meostasis, protection of epithelial cells from injury
and stimulation of repair. (24) Epithelial cells also
play an essential role in providing innate defense
against microbial challenge through the production
of antimicrobial molecules, as well as cytokines and
chemokines necessary for leukocyte recruitment.
Human beta-defensins (hBDs) have been identified
in the oral cavity with broad spectrum of antimicro-
bial activity against gram-positive and gram-negati-
ve bacteria, fungi and enveloped viruses. Probiotic
effects on hBD secretion by oral epithelial cells
are under investigation. However, a beta-defensin
mRNA has been less frequently found in periodonti-
tis patients suggesting an important role of hBDs in
innate host defense in the oral cavity. (25)

Competitive exclusion

It has been estimated that probiotics can exert
their antagonistic effect on pathogens by competi-
tion for adhesion sites, or for nutrients and growth
factors. Probiotics hinder pathogens by the pro-
duction of biosurfactants that prevent adhesion.
Van Hoogmoed et al. (26) observed that a biosur-
factant generated by S. mitis BA and BMS cells was
able to decrease the adhesion of not only S. mutans
but also several periodontopathogens. Interestingly,

probiotics have also been shown to inhibit adhe-
sion by modifying the protein composition of the
binding site. In this aspect, Haukioja et al. (8) have
shown that certain probiotic strains modify the
salivary pellicle protein composition by removing
an important adhesion protein, salivary agglutinin
gp340, which is necessary for adhesion of S. mutans.
This resulted in a lower colonization efficiency of S.
mutans. Bacteria can compete for certain essential
nutrients or chemicals required for growth and in
doing so can inhibit the growth of a pathogen. Hojo
et al. (27) observed that salivary Bifidobacterium
species can compete with Porphyromonas gingivalis
for their mutual growth factor—vitamin K—whi-
ch in turn inhibited the growth of P. gingivalis in a
co-culture.

Direct interaction

Probiotic bacteria can produce a diverse range
of compounds that act as antimicrobial agents such
as lactic acid, hydrogen peroxide and bacteriocins.
Lactic acid can pass across bacterial cell membranes
and acidify the cytoplasm, which in turn can inhibit
bacterial proliferation. In this respect, Sookkhee et
al. (28) were able to isolate lactic acid bacteria from
healthy oral cavities of Thai volunteers and showed
that they had an antimicrobial activity against P
gingivalis and S. mutans. This activity was higher at
an acidic pH, indicating that the antimicrobial effect
was partly mediated by organic acids like lactic acid.
Various in vitro and in vivo studies have shown that
production of hydrogen peroxide by probiotic bac-
terial strains can inhibit the growth of pathogenic
bacterial species. Weissella cibaria isolates gene-
rated a substantial quantity of hydrogen peroxide,
which was sufficient to inhibit the proliferation of
Fusobacterium nucleatum. (29) Bacteriocins are ri-
bosomally synthesized proteinaceous antibiotics
that kill or inhibit species closely related to the
producer bacterium. Several bacteriocins derived
from indigenous oral bacteria have been described.
Studies have proved that S. salivarius is a safe spe-
cies that not only produces broad-spectrum bac-
teriocins but harbors bacteriocin-encoding (and
bacteriocin-inducing) transmissible DNA entities
(megaplasmids). (30) A bacteriocin purified from L.
casei killed P, gingivalis and its use has been propo-
sed as a novel chemotherapeutic agent. (31)
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Aggregation

Coagreggation and growth inhibition abilities of
probiotic bacteria may play a key role in their in-
terference with the oral biofilm. Weissella ciberia
has the capacity to co-aggregate with F. nucleatum
and to adhere to epithelial cells. These properties
could enable W. cibaria to effectively colonize the
oral cavity and limit the proliferation of pathogenic
bacteria. (32) It has been observed that selected
commercial probiotic lactobacilli displayed coagre-
ggation activity and inhibited growth of clinical mu-
tans streptococci. (33)

Observed effects on oral health
Caries and caries-associated microbes

The vast majority of the attention on the effect
of probiotics in preventing or reducing the inciden-
ce of dental caries was directed towards the cario-
genic bacterium S. mutans. The first randomized,
double-blind, placebo-controlled intervention stu-
dy examining the effect of milk containing L. rham-
nosus GG on caries and the risk of caries in children
when compared with normal milk was completed
in 2001. (34) Probiotic milk was able to reduce S.
mutans counts at the end of the trial and a signifi-
cant reduction of caries risk was also observed. The
putative caries prophylactic effect of probiotics has
been also confirmed by daily intake of cheese con-
taining L. rhamnosus GG and L. rhamnosus LC705.
(35) Despite the short duration and relatively small
number of participants in this study, the probiotic
cheese significantly reduced S. mutans counts in
the intervention group during the post-treatment
period when compared with the controls. Another
probiotic species, Bifidobacterium DN-173 010, in-
gested once a day with yogurt demonstrated a sig-
nificant reduction of salivary S. mutans, whereas no
significant reduction was found in lactobacilli le-
vels. (36) Ice cream can be an attractive vehicle for
probiotic intake combining both health-promoting
and mood-boosting effects. A portion of ice cream
containing B. lactis Bb-12, if eaten once a day for
10 days, can lead to significant S. mutans level re-
duction. (37) In all studies discussed previously

probiotics were mostly delivered in fermented dai-
ry products. It is conceivable that the means of ad-
ministration might positively affect the effects ob-
served as related to mutans streptococci reduction.
To assess the role of other than dairy food vehicles
for probiotic intake, Caglar et al. (38) administe-
red L. reuteri ATCC 55730 in a tablet and in water
taken via a telescopic straw for 3 weeks. The results
obtained showed that irrespective of the means of
delivery, salivary counts of S. mutans were signifi-
cantly reduced at the end of the intervention period.
No statistically significant changes were found for
lactobacilli isolated. In another study by Caglar et
al. (39), S. mutans count was reduced comparably
in young adults who used xylitol or probiotics-en-
riched (L. reuteri ATCC 55730 and ATCC PTA 5289)
chewing gum. However, no synergic effect was seen
when combining both agents. A lozenge with L. reu-
teri ATCC 55730/L. reuteri ATCC PTA 5289 taken
by healthy individuals with high S. mutans counts
resulted in significantly lower levels of S. mutans
within 10 days. (40) The observed positive correla-
tion between probiotic intake and caries pathogen
reduction might be a useful strategy in caries pro-
phylaxis in some special risk groups. Orthodontic
patients wearing fixed appliances can experience hi-
gher caries risk during treatment and in them a pro-
biotic intake of B. animalis subsp. lactis DN-173010
was shown to positively reduce salivary mutans
streptococci. (41) The observed changes in saliva-
ry microbiota provide evidence to the clinicians for
recommending to their patients the consumption of
probiotics in addition to the “classical” oral hygiene
practices and dietary counseling. In none of the abo-
ve studies, irrespective of probiotic species used,
levels of lactobacilli have been reduced compared
with baseline values. However, contradictory to the
findings already discussed, Montalto et al. (42) ad-
ministered a probiotic preparation containing se-
ven living probiotic lactobacilli in capsule or liquid
form and found a statistically significant increase in
the salivary counts of lactobacilli compared to ba-
seline, while the counts of S. mutans remained una-
ffected. This is the only clinical trial presenting lack
of probiotic effect on S. mutans levels. It might be
attributed to the greater variety of probiotic species
applied which may exert different effects than if the
bacteria were given as a monoculture.
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Periodontal diseases

The earliest studies on probiotics for enhancing
oral health were for the treatment of periodontal in-
flammation. (43) Patients with gingivitis, periodon-
titis and pregnancy gingivitis were locally treated
with a culture supernatant of L. acidophilus strain.
Significant recovery was reported for almost every
patient. Acilact, a Russian probiotic preparation of a
complex of five live lyophilized lactic acid bacteria,
has claimed to improve both clinical and microbio-
logical parameters in gingivitis and mild periodon-
titis patients. (44) There also has been significant
interest in using probiotics in treatment of perio-
dontal disease recently. Krasse et al. (45) demons-
trated that L. reuteri reduced the gingival index and
bacterial plaque in the treated subjects. Twetman
et al. (22) incorporated L. reuteri ATCC 55730 and
ATCC PTA 5289 in chewing gum, which resulted in
improvement of the gingival conditions manifes-
ted by reduction of the crevicular fluid volume and
gingival bleeding, as well as the inflammatory me-
diators, tumor necrosis factor-a (TNF-a) and inter-
leukin-8 level. Riccia et al. (23) studied the anti-in-
flammatory effects of L. brevis in a group of patients
with chronic periodontitis. The treatment, which
involved sucking on lozenges containing L. brevis
over a period of 4 days, led to significant improve-
ments in the targeted clinical parameters (plaque
index, gingival index, bleeding on probing) and de-
creased MMP activity and other inflammatory ma-
rkers in saliva for all patients. With L. casei Shirota
and Bacillus subtilis, no difference in test and con-
trol groups in gingival bleeding or measured plaque
index was observed, but the use of L. casei Shirota
decreased polymorphonuclear elastase and MMP-3
activities in GCE and gingival inflammation was lo-
wer in the group consuming the probiotic product,
as measured by MPO activity after a four-day period
of experimental gingivitis. (46) B. subtilis seemed to
reduce the number of periodontal pathogens. (47)
The recent research has shown that taking tablets
containing L. salivarius WB21 significantly reduced
the periodontal pathogens in subgingival plaque
(48) and improved the periodontal health in volun-
teers. (49) A parallel open label study by Ishikawa
et al. (50) observed that daily ingestion of tablets
containing L. salivarius resulted in inhibition of P
gingivalis, Prevotella intermedia and P. nigrescens.
A similar study by Matsuka et al. (51) reported

decrease bleeding on probing and decrease in P,
gingivalis count. Teughels et al. (52) conducted a
split mouth design study on 32 beagle dogs with ar-
tificially created pockets; bacterial pellets S. sangui-
nis KTH-4, S. salivarius TOVE and S. mitis BMS were
applied locally in designated periodontal pockets
at baseline, 1, 2, and 4 weeks. The results showed a
decrease in anaerobic bacteria and Campylobacter
rectus with decreased pocket recolonization and
bleeding on probing when compared with controls.

Oral candida

Candida species constitute part of the commen-
sal oral flora in about 50% of healthy subjects, but
able to cause a clinically apparent lesion if immu-
ne defenses were breached either on the local or
systemic level. A study has shown that the subjects
who consumed cheese containing the probiotic L.
rhammnosus GG presented reduction in the pre-
valence of oral Candida, which subsequently may
confer protective effect against oral candidosis.
(53) However, others investigated the effect of va-
rious lactobacilli and could not find an effect on oral
Candida. (54) This may be partly explained by the
finding of the ex vivo experiment which demonstra-
ted profound but variable abilities of commercially
available strain of lactobacilli probiotics to inhibit
the growth of Candida albicans possibly due to the
low pH milieu produced by the lactobacilli. (55)
Relevant to this is the laboratory study which de-
monstrated that the Candida-infected mice which
were fed with L. acidophilus presented accelerated
clearance of C. albicans from the mouth. (56)

Halitosis (Malodor)

“Physiologic” is a term used to describe halitosis
as the result of imbalance of the microbiota in the
oral cavity without any organic lesion, in contrary
to “pathologic” halitosis, where patients usually
presented with organic lesion most commonly pe-
riodontitis. (57) A recent study has shown that pa-
tients with genuine physiologic or pathologic hali-
tosis benefited significantly from two-week therapy
with tablets containing L. salivarius WB21 in addi-
tion to a significant reduction in the level of the vo-
latile compounds and gingival bleeding on probing
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from periodontal pockets. (58) Lactobacillus saliva-
rius TI2711 bacterium was also able to reduce the
count of the oral black pigmented bacteroides, an
organism that is strongly associated with produc-
tion of the volatile sulphur compounds responsible
for halitosis. (59) Weissella cibaria (29) and L. sali-
varius (60) were able to reduce the levels of volati-
le sulfide components produced by competing for
colonization areas with volatile sulfide producing
species.

Safety of probiotics in the oral cavity

[tis worth sounding a note of caution concerning
the use of probiotics for the purpose of preventing
oral diseases. Different strains of same species may
possess different characteristics, necessitating rigo-
rous strain selection before being labelled as pro-
biotic. (61) Some probiotic strains have been in use
for many years and have excellent safety records.
(62) However, there have been some cases of bac-
teraemia and fungaemia associated with probiotic
use, although these have been in subjects who are
immunocompromised or who suffer from chronic
disease. (63) An individual who had been consu-
ming L. rhamnosus in a probiotic preparation deve-
loped Lactobacillus endocarditis following dental
treatment. (64)

The species that most commonly present pro-
biotic benefits are lactobacilli and other lactic acid
bacteria, and the production of acid is often thou-
ght to be an important component of their pro-
tection against pathogenic colonization. However,
Lactobacillus species and acid production by acido-
genic plaque populations may play a significant part
in the development of caries, and a probiotic strain
of L. salivarius has been shown to induce caries in
an animal model, (65) and another is able to make a
biofilm model more cariogenic. (66)

Future aspects

The new probiotic products targeted for oral he-
alth purposes do not necessarily comprise the same
species as products now in market. Furthermore,
the species might not necessarily belong only to ge-
nera Lactobacillus or Bifidobacterium. Preliminary
results have been published on the safety and

efficacy of a probiotic mouthwash containing three
different oral streptococci for reducing the number
of bacteria associated with dental caries and perio-
dontitis. (67)

Genetically modified microbes bring a new di-
mension to the concept of probiotics. Their main
approach is to reduce the harmful properties of pa-
thogenic strains naturally colonizing the oral cavity.
The modified strain could then be used to replace
the original pathogen. One ambitious and promi-
sing example is the generation of an S. mutans strain
with a complete deletion of the open reading frame
of lactate dehydrogenase and thus significantly re-
duced cariogenicity. (68) Another option could be
to enhance the properties of a potentially beneficial
strain. One example is the construction of an L. pa-
racasei strain with a functional scVF (single-chain
variable fragment) antibody binding to the surface
of P. gingivalis. (69) The concept of designer probio-
tics in oral applications is gaining momentum. The
process involves equipping probiotic bacteria with
genetic element necessary to overcome stress outsi-
de host, inside host and antagonize invading patho-
gens. Improving the stress tolerance profile of pro-
biotic cultures significantly improves tolerance to
processing stress and prolongs survival during sub-
sequent storage. This contributes to a significantly
larger proportion of the administered probiotics
reaching the desired location (e.g., the gastrointes-
tinal tract/periodontium) in a bioactive form. (70)

Probiotics are by definition viable, and until re-
cently the viability of probiotic bacteria was usually
ascertained by culture; however, both in the intesti-
ne and in the oral cavity, a significant proportion of
bacteria are not yet cultivable. In addition, bacteria
in biofilms can enter a dormant state; therefore, it
can be speculated that bacteria with the ability to
influence the microbiota in these sites need not ne-
cessarily be culturable. There has also been debate
on the definition of “viable,” and even whether the
definition of probiotic should be changed. Indeed,
heat-killed beneficial oral Streptococcus strains
have been shown to exert effects similar to those
of a living bacterium. (71) Furthermore, viable but
non-culturable probiotic bacteria maintain proper-
ties of viable bacteria. (72)

In field of oral immunology, probiotics are being
used as passive local immunization vehicles against
dental caries. (73) Bacteriophages, viruses that
kill bacteria, have been detected in oral pathogens,
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such as AGGregatibacter actinomycetemcomitans,
and they may play a role in the pathogenicity.
Subsequently, future studies should be conducted
to investigate if phage therapy might be applied
for oral and dental diseases in the same way as has
been attempted for systemic infections.

Summary and conclusion

Probiotics represent an upcoming field of rese-
arch in oral medicine, the examination of the close
relationships between oral health and daily diet.
Most of the studies have been conducted with pro-
biotic strains originally suggested for gut health;
however, it is important to realize that each of the
suggested health benefits should be studied for
each bacterial strain individually. Thus, a probiotic
bacterium in the mouth is not necessarily an oral
probiotic. Furthermore, it is quite possible that the
same species are not optimal for all oral health pur-
poses; e.g., different properties might be desired in
respect to dental and gingival health. At least some
of the probiotic bacteria used in various probiotic
products may colonize the oral cavity during the
time they are in use; thus, the effects of probiotic
bacteria in the oral cavity are important to unders-
tand. Probiotic bacteria seem to affect both oral
microbiota and immune responses. On the other
hand, the extent to which bacteria in food or in food
ingredients can influence relatively stable oral mi-
crobiota is difficult to predict. Thus, research to un-
ravel the mechanisms of possible probiotic action
and long-term clinical trials are needed if probiotics
are to provide a new scientifically proven means of
preventing or treating oral diseases. It will also be a
challenge to ensure that modes of delivery are de-
veloped that provide sufficient retention and expo-
sure times in the mouth that will allow probiotics to
colonize plaque or to enter into plaque or mucosal
biofilms and influence microbial metabolism within
them. Equally important concern is the dose of pro-
biotics required for adequate action. Although the
results of past studies are encouraging, much needs
to be done for identification of the probiotics that
are best suited to oral use, as well as the most ap-
propriate vehicles for its delivery. Efforts should be
made to increase the awareness of dental practitio-
ners with this aspect of oral disease therapy and en-
courage the implementation of the concept of “food
rather than medicine”.

References

1. Lilly DM, Stillwell RH. Probiotics: growth-promo-
ting factors produced by microorganisms. Science
1965;147(3959):747-8.

2. Schrezenmeir |, de Vrese M. Probiotics, prebiotics,
and synbiotics: approaching a definition. Am ] Clin
Nutr 2001;73(2 Suppl):361S-4S.

3. Report of a joint FAO/WHO expert consultation on
evaluation of health and nutritional properties of
probiotics in food including powder milk with live
lactic acid bacteria, Cordoba, Argentina; 2001.

4. Saxelin M, Tynkkynen S, Mattila-Sandholm T, de
Vos WM. Probiotic and other functional microbes:
from markets to mechanisms. Curr Opin Biotechnol
2005;16(2):204-11.

5.  Meurman JH, Stamatova . Probiotics: contributions
to oral health. Oral Dis 2007;13(5):1443-51.

6. Keijser B], Zaura E, Huse SM, van der Vossen ]JM,
Schuren FH, Montijn RC, et al. Pyrosequencing analy-
sis of the oral microflora of healthy adults. ] Dent Res
2008;87(11):1016-20.

7. Groschl M, Wendler O, Topf HG, Bohlender ], Kohler
H. Significance of salivary adrenomedullin in the
maintenance of oral health: Stimulation of oral cell
proliferation and antibacterial properties. Regul
Pept 2009;154(1-3):16-22.

8. Haukioja A, Loimaranta V, Tenovuo ]. Probiotic
bacteria affect the composition of salivary pellicle
and Streptococcal adhesion in vitro. Oral Microbiol
Immunol 2008;23(4):336-43.

9. Lorca G, Torino MI, de Valdez GEF Ljungh A.
Lactobacilli express cell surface proteins which me-
diate binding of immobilized collagen and fibrino-
gen. FEMS Microbiol Lett 2002;206(1):31-7.

10. Haukioja A, Yli-Knuuttila H, Loimaranta V, Kari K,
Ouwehand AC, Meurman JH, et al. Oral adhesion
and survival of probiotic and other Lactobacilli and
Bifidobacteria in vitro. Oral Microbiol Immunol
2006;21(5):326-32.

11. Stamatova I, Kari K, Vladimirov S, Meurman JH.
In vitro evaluation of yoghurt starter Lactobacilli
and Lactobacillus rhamnosus GG adhesion to
saliva-coated surfaces. Oral Microbiol Immunol

2009;24(3):218-23.

Arch Oral Res. 2013 Jan/Apr.;9(1)61-73

]



Sugunan BN, Nair RC.

N

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pham LC, van Spanning RJM, Roling WFM, Prosperi
AC, Terefework Z, ten Cate |M, et al. Effects of pro-
biotic Lactobacillus salivarius W24 on the composi-
tional stability of oral microbial communities. Arch
Oral Biol 2009;54(2):132-7.

Filoche SK, Anderson SA, Sissons CH. Biofilm growth
of Lactobacillus species is promoted by Actinomyces
species and Streptococcus mutans. Oral Microbiol
Immunol 2004;19(5):322-6.

Colloca ME, Ahumada MC, Lopez ME, Nader-Macias
ME. Surface properties of Lactobacilli isolated from
healthy subjects. Oral Dis 2000;6(4):227-33.

Beighton D, Gilbert SC, Clark D, Mantzourani M, Al-
Haboubi M, Ali F, et al. Isolation and identification of
Bifidobacteriaceae from human saliva. Appl Environ
Microbiol 2008;74(20):6457-60.

Simark-Mattsson C, Emilson CG, Hakansson
EG, Jacobsson C, Roos K, Holm S. Lactobacillus-
mediated interference of mutans Streptococci in
caries-free vs. caries-active subjects. Eur ] Oral Sci

2007;115(4):308-14.

Hojo K, Mizoguchi C, Taketomo N, Ohshima T, Gomi
K, Arai T, et al. Distribution of salivary Lactobacillus
and Bifidobacterium species in periodontal he-
Biotechnol Biochem

alth and disease. Biosci

2007;71(1):152-7.

Hatakka K, Saxelin M. Probiotics in intestinal and
non-intestinal infectious diseases-clinical evidence.
Curr Pharm Des 2008;14(14):1351-67.

Erickson KL, Hubbard NE. Probiotic immunomo-
dulation in health and disease. ] Nutr 2000;130(2S
Suppl):403S-9S.

Perdigon G, Alvarez S, Rachid M, Aguero G, Gobbato
N. Immune system stimulation by probiotics. J. Dairy
Sci 1995;78(7):1597-606.

Cutler CW, Jotwani R. Dendritic cells at the oral mu-
cosal interface. ] Dent Res 2006;85(8):678-89.

Twetman S, Derawi B, Keller M, Ekstrand K, Yucel-
Lindberg T, Stecksen-Blicks C, et al. Short term effect
of chewing gum containing probiotics Lactobacillus
reutri on levels of inflammatory mediators in GCF.
Acta Odontol Scand 2009;67(1):19-24.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

Riccia DN, Bizzini F, Perilli MG, Polimeni A, Trinchieri
V, Amicosante G, et al. Anti-inflammatory effects of

Lactobacillus brevis (CD2) on periodontal disease.
Oral Dis 2007;13(4):376-85.

Rakoff-Nahoum S, Paglino ], Eslami-Varzaneh F,
Edberg S, Dedzhitov R. Recognition of commensal
microflora by toll-like receptors is required for in-
testinal homeostasis. Cell 2004;118(2):229-41.

Dunsche A, Acil Y, Dommisch H, Siebert R, Schroder
JM, Jepsen S. The novel human beta-defensin-3

is widely expressed in oral tissues. Eur ] Oral Sci
2002;110(2):121-4.

Van Hoogmoed CG, van der Kuijl-Booij M, Van der
Mei HC, Busscher HJ. Inhibition of Streptococcus
mutans NS adhesion to glass with and without a sa-
livary conditioning film by biosurfactant-releasing
Streptococcus mitis strains. Appl Environ Microbiol
2000;66(2):659-63.

Hojo K, Nagaoka S, Murata S, Taketomo N, Ohshima
T. Reduction of vitamin K concentration by salivary
Bifidobacterium strains and their possible nutritio-
nal competition with Porphyromonas gingivalis. ]
Appl Microbiol 2007;103(5):1969-74.

Sookkhee S, Chulasiri M, Prachyabrued W. Lactic acid
bacteria from healthy oral cavities of Thai volunte-
ers: inhibition of oral pathogens. ] Appl Microbiol
2001;90(2):172-9.

Kang MS, Kim BG, Chung ], Lee HC, Oh JS. Inhibitory
effect of Weissella cibaria isolates on the production
of volatile sulphur compounds. ] Clin Periodontol
2006;33(3):226-32.

Wescombe PA, Heng NC, Burton JP, Chilcott CN,
Tagg JR. Streptococcal bacteriocins and the case for
Streptococcus salivarius as model oral probiotics.
Future Microbiol 2009;4(7):819-35.

Pangsomboon K, Kaewnopparat S, Pitakpornpreecha
T, Srichana T. Antibacterial activity of a bacterio-
cin from Lactobacillus paracasei HL32 against
Porphyromonas gingivalis. Arch Oral Biol

2006;51(9):784-93.

Kang MS, Na HS, Oh LS. Coagreggation ability of
Weissella cibaria isolates with Fusobacterium nu-
cleatum and their adhesiveness to epithelial cells.
FEMS Microbiol Lett 2005;253(2):323-9.

Arch Oral Res. 2013 Jan/Apr.;9(1)61-73



The promise of probiotics in dentistry

33.

34.

35.

36.

37.

38.

39.

40.

41.

Keller MK, Hasslof P, Stecksen-Blicks C, Twetman
S. Coagreggation and growth inhibition of pro-
biotic lactobacilli and clinical isolates of mutans
streptococci: an in vitro study. Acta Odontol Scand
2011;69(5):263-8.

Nase L, Hatakka K, Savilahti E, Saxelin M, Ponka A,
Poussa T, et al. Effect of long-term consumption of
a probiotic bacterium, Lactobacillus rhamnosus GG,
in milk on dental caries and caries risk in children.
Caries Res 2001;35(6):412-20.

Ahola AJ, Yli-Knuuttila H, Suomalainen T, Poussa
T, Ahlstrom A, Meurman JH, et al. Short-term con-
sumption of probiotic-containing cheese and its
effect on dental caries risk factors. Arch Oral Biol
2002;47(11):799-804.

Caglar E, Sandalli N, Twetman S, Kavaloglu S, Ergeneli
S, Selvi S. Effect of yogurt with Bifidobacterium
DN-173 010 on salivary mutans streptococci and
lactobacilli in young adults. Acta Odontol Scand
2005;63(6):317-20.

Caglar E, Kuscu 00, Selvi S, Kavazoglu SC, Sandalli
N, Twetman S. Short-term effect of ice-cream contai-
ning Bifidobacterium lactis Bb-12 on the number of
salivary mutans streptococci and lactobacilli. Acta
Odontol Scand 2008;66(3):154-8.

Caglar E, Kuscu 0O, Cildir SK, Kuvvetli SS, Sandalli
N. A probiotic lozenge administered medical device
and its effect on salivary mutans streptococci and
lactobacilli. Int ] Paediatr Dent 2008;18(1):35-9.

Caglar E, Kavaloglu SC, Kuscu 0O, Sandalli N,
Holgerson PL, Twetman S. Effect of chewing gums
containing xylitol or probiotic bacteria on saliva-
ry mutans streptococci and lactobacilli. Clin Oral
Investig 2007;11(4):425-9.

Caglar E, Cildir SK, Ergeneli S, Sandalli N, Twetman
S. Salivary mutans streptococci and lactobacilli
levels after ingestion of the probiotic bacterium
Lactobacillus reuteri ATCC 55730 by straws or ta-
blets. Acta Odontol Scand 2006;64(5):314-8.

Cildir SK, Germec D, Sandalli N, Ozdemir FI, Arun
T, Twetman S, et al. Reduction of salivary mutans
streptococci in orthodontic patients during daily
consumption of yoghurt containing probiotic bacte-
ria. Eur ] Orthod 2009;31(4):407-11.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Montalto M, Vastola M, Marigo L, Covino M,
Graziosetto R, Curigliano V, et al. Probiotic treat-
ment increases salivary counts of lactobacilli: A dou-
ble-blind, randomized, controlled study. Digestion
2004;69(1):53-6.

Kragen H. The treatment of inflammatory affections
of the oral mucosa with a lactic acid bacterial culture
preparation. Zahnarztl Welt 1954;9(11):306-8.

Pozharitskaia MM, Morozova LV, Melnichuk GM,
Melnichuk SS. The use of the new bacterial biopre-
paration Acilact in the combined treatment of perio-
dontitis. Stomatologiia (Mosk) 1994;73(2):17-20.

Krasse P, Carlsson B, Dahl C, Paulsson A, Nilsson A,
Sinkiewicz G. Decreased gum bleeding and redu-
ced gingivitis by the probiotic Lactobacillus reuteri.
Swed Dent ] 2006;30(2):55-60.

Staab B, Eick S, Knofler G, Jentsch H. The influen-
ce of a probiotic milk drink on the development
of gingivitis: a pilot study. ] Clin Periodontol
2009;36(10):850-6.

Tsubura S, Mizunuma H, Ishikawa S, Oyake I,
Okabayashi M, Katoh K, et al. The effect of Bacillus
subtilis mouth rinsing in patients with periodontitis.
Eur ] Clin Microbiol Infect Dis 2009;28(11):1353-6.

Mayanagi G, Kimura M, Nakaya S, Hirata H, Sakamoto
M, Benno Y, et al. Probiotic effects of orally admi-
nistered Lactobacillus salivarius WB21-containing
tablets on periodontopathic bacteria: a double-blin-
ded, placebo-controlled, randomized clinical trial. ]
Clin Periodontol 2009;36(6):506-13.

Shimauchi H, Mayanagi G, Nakaya S, Minamibuchi
M, Ito Y, Yamaki K, et al. Improvement of periodontal
condition by probiotics with Lactobacillus salivarius
WB21: arandomized, double-blind, placebo-control-
led study. ] Clin Periodontol 2008;35(10):897-905.

Ishikawa H, Aiba Y, Nakanishi M, Oh-Hashi Y, Koga
Y. Suppression of periodontal pathogenic bacteria
by the administration of Lactobacillus salivarius
T12711.] Jap Soc Periodontol 2003;45:105-12.

Matsuoka T, Sugano N, Takigawa S, Takane M,
Yoshinuma N, Ito K, et al. Effect of oral Lactobacillus
salivarius TI 2711 administration on periodon-
topathic bacteria in subgingival plaque. Jpn Soc
Periodontol 2006;48(4):315-24.

Arch Oral Res. 2013 Jan/Apr.;9(1)61-73

]



Sugunan BN, Nair RC.

7]

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Teughels W, Newman MG, Coucke W, Haffajee A, Van
DerMei HC, Haake SK, et al. Guiding periodontal po-
cket recolonization: A proof of concept. ] Dent Res
2007;86(11):1078-82.

Hatakka K, Ahola AJ, Yli-Knuuttila H, Richardson M,
Poussa T, Meurman JH, et al. Probiotics reduce the

prevalence of oral Candida in the elderly-a randomi-
zed controlled trial. ] Dent Res 2007;86(2):125-30.

Koll P, Mandar R, Marcotte H, Leibur E, Mikelsaar
M, Hammarstrom L. Characterization of oral lacto-
bacilli as potential probiotics for oral health. Oral
Microbiol Immunol 2008;23(2):139-47.

Hasslof P, Hedberg M, Twetman S, Stecksen-Blicks C.
Growth inhibition of oral mutans streptococci and
Candida by commercial probiotic lactobacilli-an in
vitro study. BMC Oral health 2010;2:10-8.

Elahi S, Pang G, Ashman R, Clancy R. Enhanced cle-
arance of Candida albicans from the oral cavities of
mice following oral administration of Lactobacillus
acidophilus. Clin Exp Immunol 2005;141(1):29-36.

Miyazaki H, Arao M, Okamura K, Kawaguchi Y,
Toyofuku A, Hoshi K, et al. Tentative classification
of halitosis and its treatment needs. Niigata Dent ]
1999;32:7-11.

Iwamoto T, Suzuki N, Tanabe K, Takeshita T, Hirofuji
T. Effects of probiotic Lactobacillus salivarius WB21
on halitosis and oral health: an open-label pilot trial.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2010;110(2):201-8.

Matsuoka T, Sugano N, Tanigawa S, Takane M,
Yoshimura N, Ito K, et al. Effect of oral Lactobacillus
salivarius TI 2711 (LS1) administration on perio-
dontopathic bacteria in subgingival plaque. ] Jpn Soc
Periodontol 2006;48(4):315-24.

Burton JP, Chilcott CN, Tagg JR. The rationale
and potential for the reduction of oral malodour
using Streptococcus salivarius probiotics. Oral Dis
2005;11(Suppl 1):29-31.

Reid G, Kim SO, Kohler GA. Selecting, testing and
understanding probiotic microorganisms. FEMS
Immunol Med Microbiol 2006;46(2):149-57.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Reid G. Safe and efficacious probiotics: what are
they? Trends Microbiol 2006;14(8):348-52.

Salminen MK, Rautelin H, Tynkkynen S, Poussa T,
Saxelin M, Valtonen V, et al. Lactobacillus bactere-
mia, clinical significance and patient outcome, with
special focus on probiotic L. rhamnosus GG. Clin
Infect Dis 2004;38(1):62-9.

Salminen MK, Tynkkynen S, Rautelin H, Saxelin
M, Vaara M, Ruutu P, et al. Lactobacillus bactere-
mia during a rapid increase in probiotic use of
Lactobacillus rhamnosus GG in Finland. Clin Infect
Dis 2002;35(10):1155-60.

Matsumoto M, Tsuji M, Sasaki H, Fujita K, Nomura R,
Nakano K, et al. Cariogenicity of the probiotic bac-
terium Lactobacillus salivarius in rats. Caries Res
2005;39(6):479-83.

Pham LC, van Spanning R], Roling WF, Prosperi AC,
Terefework Z, Ten Cate JM, et al. Effects of probiotic
Lactobacillus salivarius W24 on the compositional
stability of oral microbial communities. Arch Oral
Biol 2009;54(2):132-7.

Zahradnik RT, Magnusson I, Walker C, McDonell
E, Hillman CH, Hillman ]D. Preliminary assess-
ment of safety and effectiveness in humans of
ProBiora3, a probiotic mouthwash. ] Appl Microbiol
2009;107(2):682-90.

Hillman JD, Mo ], McDonell E, Cvitkovitch D, Hillman
CH. Modification of an effector strain for replace-
ment therapy of dental caries to enable clinical safe-
ty trials. ] Appl Microbiol 2007;102(5):1209-19.

Marcotte H, Koll-Klais P, Hultberg A, Zhao Y, Gmur
R, Mandar R, et al. Expression of single-chain an-
tibody against RgpA protease of Porphyromonas
gingivalis in Lactobacillus. ] Appl Microbiol

2006;100(2):256-63.

Sleator RD, Hill C. Patho-biotechnology;using bad
bugs to make good bugs better. Sci Prog 2007;90(Pt
1):1-14.

Sliepen I, Van Damme ], Van Essche M, Loozen G,
Quirynen M, Teughels W. Microbial interactions in-
fluence inflammatory host cell responses. ] Dent Res
2009;88(11):1026-30.

Arch Oral Res. 2013 Jan/Apr.;9(1)61-73



The promise of probiotics in dentistry

72.

73.

Lahtinen SJ, Ahokoski H, Reinikainen JP, Gueimonde
M, Nurmi ], Ouwehand AC, et al. Degradation of 16S
rRNA and attributes of viability of viable but non-
culturable probiotic bacteria. Lett Appl Microbiol
2008;46(6):693-8.

Caglar E, Kargul B, Tanboga I. Bacteriotherapy
and probiotics’ role on oral health. Oral Dis
2005;11(3):131-7.

Received: 11/26/2012

Recebido: 26/11/2012

Approved: 01/30/2013
Aprovado: 30/01/2013

Arch Oral Res. 2013 Jan/Apr.;9(1)61-73

7]



