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Dental Plaque – Biological
Significance of a Biofilm and
Community Lifestyle (Marsh 2005)

Does plaque function as a ‘‘typical’’

biofilm and microbial community?

The vast majority of microorganisms in
nature are found attached to surfaces,
where they grow to form biofilms. Typi-
cal biofilms have been defined as matrix
embedded microbial populations, adher-
ent to each other and/or to surfaces or
interfaces. They are highly structured
with channels traversing its depth and
creating primitive circulatory systems.
The component species are not ran-
domly distributed but are spatially and
functionally organized. When cells form
a biofilm, their gene expression can alter
markedly, resulting in many organisms
having a radically different phenotype
following attachment to a surface. With-
in biofilms, sophisticated systems of
cell-to-cell communication are used by
some bacteria to coordinate gene
expression. Many biofilms are com-
prised of mixtures of interacting micro-
organisms, the properties of which are
more than the sum of the component
species; these consortia are termed
microbial communities.

Over recent years, the application of
novel microscopic and molecular tech-

niques has demonstrated that plaque has
properties consistent with those dis-
played by typical biofilms and microbial
communities (Marsh 1994). For exam-
ple, plaque can have an open architec-
ture, but with gradients that lead to
environmental heterogeneity enabling
fastidious organisms to grow (a large
number of microorganisms in plaque are
currently uncultivable). Gene expres-
sion by oral bacteria has been shown
to alter on attachment and during bio-
film maturation; cell to cell signalling
occurs via peptides (streptococci) and
autoinducer-2 (gram negative bacteria)
(Kolenbrander et al. 2002). There is also
evidence for gene transfer of antimicro-
bial resistant traits.

It needs to be highlighted that the
information available on the structure
and function of dental plaque as a
biofilm is derived mostly from in vitro
studies on supragingival plaque bacteria
(Marsh 2004). Further studies are
needed on subgingival bacteria, focus-
ing on their interaction with the gingival
crevicular fluid and host cells.

What triggers the change from a ‘‘health-

associated biofilm’’ to a ‘‘disease-
associated biofilm’’?

Plaque is natural and exists in harmony
with the host in health. Maintenance of
health depends on the balance of the
homeostatic relationship between the
bacterial challenge and the host
response. Disease is the consequence

of this balanced relationship breaking
down, provoked by either changes to the
magnitude or nature of the microbial
challenge or the scale and appropriate-
ness of the host response (Socransky
et al. 1998). However, the temporal
sequence of events is currently uncer-
tain. The resultant change in the envir-
onmental conditions influences biofilm
organization, composition and gene
expression, all of which may contribute
to a modified microbial challenge. Other
factors which may affect the homeosta-
sis include: behavioural changes, the
onset of other diseases, or changes in
the host immune response.

What are the consequences in relation to

periodontitis of plaque behaving as a

biofilm?

Dental plaque as a biofilm may pose
additional challenges to the host. The
biofilm by being a three-dimensional
exo-polymer matrix structure firmly
adhered to the tooth surface creates a
physical protection to the organisms
from the host response and from some
antimicrobial treatments. Plaque by
developing a community-life style can
display a pathogenic synergism where
the bacteria express a plethora of viru-
lence determinants challenging the host
and where the virulence of the consortia
is higher than of the sum of the indivi-
dual bacteria.

In vitro studies have shown that pla-
que is less susceptible to antimicrobial
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agents when behaving as a biofilm, since
the agent may be neutralized by or
bound to other bacteria and this may
result in reduced penetration (depending
on the properties of the antimicrobial
agent), the bacteria may express a novel
phenotype and the bacteria may grow
slowly. If these facts apply also to the
in vivo situation, strategies other than
the mere antimicrobial one should be
considered, such as: disruption of the
biofilm, interference with signalling,
augmentation of the agent dosage or
improvement of their pharmaco-
dynamics (such as slow release systems)
(Socransky & Haffajee 2002).

Transmission of Periodontal Bacteria
and Models of Infection (van
Winkelhoff & Boutaga 2005)

Are all periodontal bacteria indigenous

(commensal/resident) to the oral
microflora?

Most bacterial species currently impli-
cated in periodontitis can be found in
periodontally healthy subjects in low
numbers. In some geographical regions,
some species or clones are infrequently
detected in periodontal health, and there-
fore could be considered as not belonging
to the resident microflora in these popu-
lations (Van Winkelhoff et al. 2002).

The emergence of highly sensitive
PCR techniques has increased the detec-
tion of Porphyromonas gingivalis and
Actinobacillus actinomycetemcomitans
in healthy subjects, and when present
the numbers of these species were low
(Slots & Ting 1999).

Is an A. actinomycetemcomitans or

P. gingivalis-associated periodontitis

a transmittable disease?

With the improvement of typing techni-
ques it has been shown that there is often
only one detectable clonal type of A.
actinomycetemcomitans and P. gingiva-
lis per subject, although many clonal
types of these species have been identi-
fied in the population (Haubek et al.
2002). These observations have facili-
tated studies, which demonstrate that A.
actinomycetemcomitans and P. gingiva-
lis are transmittable, especially within
families (Okada et al. 2004). However, it
still remains to be proven whether trans-
mission increases the risk for disease.

If transmission increases the risk,
control of transmission could be a
means for preventing the disease. The

actual value of such strategies has still to
be established.

What are essential factors for

transmission of pathogens?

The essential factors making transmission
of a pathogen possible are: the source, the
environment and the recipient. The spe-
cies has to be expelled from a host
(probably via the saliva) in sufficiently
high numbers to survive in the environ-
ment and successfully colonize a new host
(Asikainen & Chen 1999). The factors
that determine the outcome of a transfer
event (disease, colonization without dis-
ease, transient) are currently unknown.

Critical Pathways in Bacterial
Virulence (Curtis et al. 2005)

Have we identified the critical

microorganisms causing periodontitis?

A number of species have been asso-
ciated with the disease based on: their
detection by culture and molecular
methods, their proportions in plaque,
the immunological responses and the
biochemical properties consistent with
pathogenicity. However, it is becoming
clear that there are differences between
ethnic groups as well as genetic diver-
sity within species. These organisms
may not act singly, but as part of a
synergistic consortium. Since a large
number of the bacteria in the subgingi-
val plaque have not yet been cultured,
and hence are not biochemically char-
acterized, it is clear that further aetiolo-
gical agents may reside in this fraction
of the microflora.

What are the potential pathways in

bacterial virulence in regards to

pathogenesis?

Current evidence indicates that most
destruction of the periodontium is host
mediated, driven by a bacterial chal-
lenge. A number of microbial factors
have been demonstrated that allow them
to survive in the presence of an elevated
host response (Fives-Taylor et al. 1999).
Specific traits recognized so far include:

� protective coats (e.g. polysacchar-
ides),

� full frontal assault (e.g. leukotoxin,
proteases),

� invasion of host cells as means of
evasion of extracellular immunity,

� manipulation of the host response
either by enhancement or suppression.

The molecular characterization of
these traits is revealing a sophisticated
interplay between the host and parasite
in this disease (Darveau et al. 2004).
However, the pathways, which are cri-
tical for virulence are still not confirmed
by in vivo studies. The differential
expression of these traits depends on
several factors such as the environment,
clonal variation, biofilm formation and
presence of other species. Similarly, the
host response to these traits varies
between and within subjects over time.

In the future, comparative analysis of
the genome of selected periodontal
organisms may allow insight about these
critical pathways.

Is there a valid experimental model for the

assessment of virulence factors of

periodontal bacteria?

There is at the moment no model, which
accurately reflects both the poly-micro-
bial and chronic nature of the disease
and the specificity of these organisms
for the human host.

The development of suitable models
is a scientific priority. Candidate models
include natural disease in non-humans
(e.g. sheep) and genetically modified
animals that allow studies of specific
aspects of the host-parasite interaction.
In addition improved in vitro models
(e.g. 3-D epithelial constructs) and more
appropriate cell lines will help to eluci-
date specific pathways.

Immune Responses and Vaccination
against Periodontal Infections
(Persson 2005)

Is active or passive vaccination a viable
strategy in the prevention of

periodontitis?

Data derived from vaccination studies
against P. gingivalis using animal mod-
els demonstrate that a significant humor-
al response is provoked. The effect on
periodontal disease progression is
inconclusive. Passive immunization
using monoclonal antibodies can pre-
vent recolonization of P. gingivalis up
to 9 months. However, no effect on
clinical periodontal variables was found
(Persson et al. 1994). Studies in humans
aiming at natural active immunization
by therapeutic intervention have shown
a short rise in antibody titres and func-
tion. Both active and passive immuniza-
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tion have shown proof of principle, but
the impact of antibodies on disease
progression is inconclusive. Until we
get further knowledge on the infectious
nature and the pathogenesis of perio-
dontitis, the vaccination strategy
may not be feasible. In light of regula-
tory (safety) and risk/benefit issues, pas-
sive immunization is currently worth
exploring.

What is the role of antibody responses

against periodontal bacteria (protective,
neutral or destructive)?

Although studies in murine and monkey
models demonstrate that the rise of anti-
body titres was not associated with a
destructive effect but rather with a pro-
tective effect by reducing the rate of
bone loss progression, they failed to
eliminate the target pathogen (Ross
et al. 2004). Data from these animal
models cannot easily be extrapolated to
the human situation. Studies on humans
aimed at natural active immunization
have failed to demonstrate a consistent
rise in antibody titres, and, therefore, the
results are currently inconclusive.

Are there any valid alternatives to

vaccination in order to modulate plaque
composition?

Current experiments in caries research
demonstrate that it is possible to mod-
ulate the colonization of caries-related
pathogens by inoculation of genetically
modified microorganisms (replacement
therapy). This concept has not been
tested with periodontally related patho-
gens although the same principle might
be valid. Investigation on this field
should be pursued (Abiko 2000).

Other strategies could be explored to
alter the ecology of the biofilm, for
example the use of redox agents and
the use of inhibitors of proteases.
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