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Abstract

Microflora can be found in both caries-free and periodontitis-free people and caries-affected and periodontitisaffected people, and many clinical studies reveal that the portion of certain bacterial species such as Streptococcus
mutans or Porphyromonas gingivalis, respectively, is increased in patients with caries or periodontitis. Therefore,
it seems that the competition that results between beneficial bacteria and virulent bacteria leads to either a healthy
or sick status of human beings. Competition between members of the dental microflora and there role in pocket
recolonization is very complex and many antagonistic characteristics can be observed from competition for
initial attachment on tooth surfaces or for later attachment to pioneer bacteria, competition from bacteriocins
or hydrogen peroxide secreted and from facilitating the growth of some species which inhibit other species. To
date only some of the details of these mechanisms are known. The present review will provide an overview on
the prevalence of beneficial bacteria and the major mechanisms of oral bacterial interactions. Due to the large
number of oral bacterial species, only the best characterized species are included in this review.
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Introduction
eriodontal disease is characterized by the presence of gingival
inflammation, periodontal pocket formation, and loss of connective
tissue attachment and alveolar bone
around the affected teeth (1). The current concept concerning the etiology
of periodontitis considers 3 groups of
factors that determine whether active
periodontitis will occur in a subject:
a susceptible host, the presence of
pathogenic species and the absence
of so called “beneficial bacteria” (2).
Beneficial species of the indigenous
oral microbiota and their role in epithelial colonization of oral pathogens
are largely unexplored.
Therapeutic treatments have always
aimed at removal of periodontopathogens from the subgingival area and
worldwide-accepted strategies consist
of scaling and root planning which is
considered as a gold standard treatment

modality(3). However, recolonization
toward pre-treatment levels, primarily
by bacteria less strongly implicated as
periodontopathogens, occurs within
weeks (4), and re-establishment of a
more pathogenic microbiota occurs
within months (5). Adjunctive use
of local or systemic antibiotics and
antiseptics improves the outcome of
periodontal therapy only temporarily (3). Thus, a life-long need for (re)
treatment arises, creating a serious
socio-economic problem.
In the past few years, probiotics have
been investigated for periodontal
health (6). Studies have shown that
certain gut bacteria can exert beneficial
effects in the oral cavity by inhibiting
pathogenic species. The concept of
periodontal replacement therapy, first
proven by Teughels et al, consists of
applying beneficial oral bacteria subgingivally to prevent re-colonization
of periodontal pockets by pathogens
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after scaling and root planning (7).
Given the emergence of antibiotic resistance and the lack of nonantibiotic
treatment options, this Guided Pocket
Recolonization approach may provide
a valuable addition or alternative to the
armamentarium of treatment options
for periodontitis.
Prevalence of Beneficial
bacteria in Periodontal
health and Gingivitis
Beneficial bacteria have been extensively studied for their health-promoting
effects. Studies have established the succession of bacterial morphotypes with
progression from periodontally healthy
sites (predominated by gram-positive
cells) to gingivitis (predominated by
gram-negative cells) (8). Kilian showed
that 63–86% of the initial colonizing
bacteria were streptococci along with
some actinomyces and veillonellae (9).
In accordance with various studies the
initial communities from all subjects
were dominated by Streptococcus spp.
belonging to the S. oralis/Streptococcus mitis group. The most abundant
phylotypes, apart from those classified
as streptococci, belonged to the genera
Actinomyces, Gemella, Granulicatella,
Neisseria, Prevotella, Rothia and Veillonella, as well as uncultured species
from the class Clostridia (10). The
initial communities of some subjects
contained gram-negative anaerobic
bacteria such as Prevotella allows the
formation of microenvironments in
which cell–cell interactions easily occur. Study by listgarten et al revealed
that the health-associated microbiota
consisted of a thin layer of adherent
bacterial cells with the characteristics
of gram-positive cocci. In contrast,
the samples from teeth with gingivitis
contained a greater variety of morphotypes, including coccoid and filamentous forms, as well as gram-positive
and gram-negative bacteria. Numerous
examples of distinct morphotypes in
close association (coaggregation) are
seen at the periphery of developing
plaque (11).
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However studies showed that, in samples from oral sites where S. sanguinis
was detected, Tannerella forsythia was
present in 1% of the cases, and in samples were S. sanguinis was not detected;
Tannerella forsythia was present in
10% of the oral sites (12).
Prevalence of Beneficial
bacteria in Chronic Periodontitis
In a clinical study samples from teeth
with chronic periodontitis patients,
contained a dense, predominantly
filamentous, supragingival plaque and
a subgingival component containing
flagellated bacteria, spirochetes and
small gram-negative bacteria (11), this
study demonstrated that the maturation of plaque is accompanied by
changes in the predominant bacterial
species, close association of distinct
bacterial morphotypes and an increase
in bacterial diversity over time.
In another clinical study supra- and
subgingival plaque were examined
in clinically healthy subjects and in
periodontitis patients for the same 40
bacterial taxa in a DNA checkerboard
analysis and found similar species in
both supra- and subgingival plaque
samples from healthy and diseased sites.
However, they observed a higher mean
prevalence of the Actinomyces species
in health, with the diseased (deeper)
sites tending to have higher counts
of bacteria overall as well as greater
proportions of the more pathogenic
‘orange’ and ‘red’ complexes of bacteria including Tannerella forsythia,
Porphyromonas gingivalis, Treponema
denticola, and Prevotella intermedia
(13).
In contrast, studies have also shown
that S. sanguinis and S. oralis did not
differ among the subject group of
periodontitis patients, healthy controls
and elders with a well-maintained
periodontitis (14), other studies have
reported that S. sanguinis was more
prevalent in shallow sites but was not
the species associated with health (15).

Prevalence of Beneficial
bacteria in Aggressive
Periodontitis
The prevalence of oral streptococcal
species in the subgingival biofilm of
patients with aggressive periodontitis
and healthy controls was investigated.
S. oralis was the most prevalent oral
streptococcus in both groups of subjects (present in 70% of cases), but S.
sanguinis was the second most common isolate (present in 90% of healthy
subjects and 45% of periodontitis
patients). S. mitis was present in both
groups in 36–40% of cases. Aggressive
periodontitis seems to be associated
with a loss of colonization with S.
sanguinis, Whether or not S. sanguinis
offers protection against aggressive
periodontitis needs to be determined
(16). Studies have demonstrated that
S. gordonii plays a role in colonization
with Porphyromonas gingivalis further
studies are needed to clarify the possible relationship between S. gordonii
and periodontal status (17).
Role of Beneficial bacteria in Periodontium
As such bacteria can affect disease progression in different ways: (i) by ‘‘passively’’ occupying a niche which might
otherwise be colonized by pathogens,
(ii) by actively limiting a pathogen’s
ability to adhere to the appropriate tissue surfaces, (iii) by adversely affecting
the vitality or growth of a pathogen,
(iv) by affecting the ability of a pathogen to produce virulence factors, and/
or (v) by degrading virulence factors
produced by the pathogen (2,18).
S. sanguinis is one of the early colonizers in biofilm. It can produce hydrogen peroxide as a means of excreting
excessive oxygen, which serves as a
non-specific antimicrobial agent, which
can inhibit S. mutans and anaerobic
periodontal pathogens growth. Studies
showed that one-third of S. sanguinis
strains tested were able to inhibit
Prevotella intermedia. In vitro growth
of Aggregatibacter actinomycetemcomitans was inhibited by the hydro-
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gen peroxide produced by S. sanguinis
(12). However, A. actinomycetemcomitans may produce a bacteriocin
that can kill S.sanguinis (19), so there
is an inverse relationship between these
bacteria. In a complex ecosystem such
as dental biofilm, these relationships
may contribute to the transition from
health to disease. Also, in-vitro studies
have shown that S. sanguinis (as well
as S. mitis and Streptococcus salivarius)
has protective properties that interfere with A. actinomycetemcomitans
colonization of epithelial cells (7). All
of these data suggest that S. sanguinis
may serve as a ‘protective’ bacterium
as defined by Quirynen et al (20). The
effect of S. sanguinis on the presence
of Porphyromonas gingivalis is still
under debate. Whilst studies, showed
that S. sanguinis had a minimal effect
on the presence of Porphyromonas
gingivalis, another study showed that
pre-colonization and superinfection
with S. sanguinis reduced the level of
Porphyromonas gingivalis in experimental rats (21).
In an in-vitro study the capacity of six
antagonistic bacteria(Streptococcus
sanguinis, Streptococcus crista, Streptococcus salivarius, Streptococcus
mitis, Actinomyces naeslundii, and
Haemophilus parainfluenzae) to block
the attachment of periodontopathogens (P. gingivalis , P. intermedia
and A. actinomycetemcomitans), the
results showed that A. naeslundii,
H. parainfluenzae, and S. mitis cause
the strongest blocking of P. gingivalis
adhesion but have considerably less
effect on the adhesion of P. intermedia and A. actinomycetemcomitans,
suggesting that the blocking effect is
caused by interactions, specific to each
combination of an antagonist and periodontopathogen. Indeed, blocking is
determined by repulsive interactions
between the adhering antagonist and
the periodontopathogen and larger
blocking effects may arise, for instance,
from biosurfactant production (22).
Reports have also shown, instead of antagonistic effects, synergistic effects of

JOHCD  www.johcd.org  January 2014;8(1)

A. naeslundii on P. gingivalis through
co-aggregation (23) and enhancement
of P. gingivalis adhesion (24). However,
because it is clinically known that
Actinomyces occurs more in healthy
pockets than in diseased pockets (25),
we believe that the A. naeslundii strain
studied here may be considered as an
antagonist of P. gingivalis. Streptococcus crista might also be considered as
antagonistic because it down regulates
FimA expression (26), while Streptococcus salivarius inhibits the emergence
of mutans streptococci (25).
Lactobacillus. paracasei produces bacteriocins, which make pores in the cytoplasmic membranes of P. gingivalis,
P. intermedia, T. forsythia, S. salivarius
and S. sanguinis, inhibiting the growth
of those strains (19).
Effect of Replacement
therapy on Periodontium
Animal study performed to test the
concept of bacterial replacement
therapy in the treatment of plaquerelated periodontal disease, this study
assessed quantitative changes in the
subgingival microbiota after root
planing when beneficial bacteria were
applied adjunctively. Although application of beneficial bacteria did not
exclude pathogen recolonization, it
did delay the recolonization process
significantly. Inoculation of beneficial
bacteria immediately after root planing, and especially with additional
inoculation during the recolonization
process, significantly lowered bacterial
counts for all monitored pathogens (7).
In another animal study evaluated radiologically the impact of replacement
therapy by monitoring bone density
changes and alveolar bone level in
periodontal pockets in a dog model.
The bone density within periodontal
pockets treated with beneficial bacteria
improved significantly after 12 weeks,
there was a significant increase in the
bone level at the end of the study for
the pockets receiving beneficial bacteria, and no significant changes were

noted in the control pockets (27).
Conclusion
The literature as it currently stands
appears to indicate that oral dysbiosis,
or a shift from beneficial symbiotic
bacteria to pathogenic bacteria, is at
least partially responsible for the development of periodontitis. However,
despite great advances in our knowledge of the underlying microbial basis
of this disease, the fact still remains
that periodontitis has multiple etiologies which have yet to be fully understood. Thus, while a microbial shift is
known to play a significant role in the
development of periodontitis, genetic,
immunologic, and environmental factors have also got a role. Because of the
various risk factors that contribute to
periodontitis, it is possible that there
will be no “magic bullet” treatment.
Recent advances show tremendous
potential to help patients suffering
from periodontitis. Host modulation
therapy, photodynamic therapy, and
replacement therapy may provide
advantages not observed when antibiotics or antiseptics are used. However, much research still needs to be
conducted on these new alternatives.
Most importantly, well-designed and
large-scale randomized clinical trials
need to be performed comparing the
“gold standard” of scaling and root
planing to the new therapies used
alone or adjunctively with scaling and
root planing. Additionally, the future
development of the “$1000 genome”
may help clinicians identify mutations in their patients’ DNA which
might predispose them to aberrant
immune responses (28). Overall, the
goal for both researchers and clinicians
is to find the best treatment. From a
biological perspective, the most successful treatments will likely need to
attack the integrity of the periodontal
biofilm and suppress the destructive
host inflammatory response. From a
clinical perspective, the best treatments
are those that are simple, affordable,
and able to confer a clinically relevant
benefit to the patient.
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