Perspective

Oral biofilms - pivotal role in understanding microbes and their

relevance to the human host
Oana Sandulescu', Mihai Sandulescu®”

In 1675 Antony van Leeuwenhoek used a
self-made microscope to provide the first written
description of protozoa' as “living creatures in
rain water which had flood but few days in a
new earthen pot”.” Soon to follow in 1676 was
the observation of bacteria floating in pepper
water. Here, van Leeuwenhoek described
protozoa which resembled “little animals” but
also, “with great wonder”, he noticed other
organisms that were “incredibly small” by
comparison.’

At that point, the medical world was not yet
ready to understand the relation between these
newly discovered microorganisms and infectious
diseases - the “germ theory” was still 200 years
away.! However, these first observations played
an essential role in widening the horizon and in
realizing that life forms exist beyond what is
directly noticeable with the naked eye.

Antony van Leeuwenhoek was also the first
to describe biofilms in 1683, as agglomerations
of “many very small living animals”, which
“moved very prettily” only after solubilizing the
biofilm in clean rain water or saliva.’

While biofilms are now known as the most

abundant type of microbial existence form,”® not
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much was known about their relevance in
clinical practice until 300 years later when, in
the 1970s, aggregates of Pseudomonas aeruginosa
were noticed in the sputum of patients with
cystic fibrosis.’

Interestingly, this first observation by Antony
van Leeuwenhoek of sessile bacteria and their
dispersal to planktonic forms when mixed with
liquids, was actually the observation of oral
biofilms.” In one of his many letters as
correspondent abroad to the Royal Society in
London, he described his dental care routine,
which was quite elaborate. However, after
performing his complex dental hygiene
procedure, he noticed that: "Yet by doing so my
teeth are not clean, for when I look at them with
a magnifying mirror there remains or grows
between some of the molars and teeth a little
white matter, about as thick as batter.”

Oral biofilms are important actors in health
and disease alike. With the recent proposal of
moving away from the “germ theory” towards
the “microbial theory of health”,” it is essential
to understand the important role that the
microbiota plays in the human body and the
underlying  bacterial communication  that
ensures transition from planktonic to sessile
states, and vice versa.’

By definition, the best characterized type of
oral biofilm is the supragingival and subgingival
plaque. Here, many different bacterial species
aggregate to form polymicrobial biofilms. In the
supragingival plaque, Streptococcus spp. has been
described to form mixed corncob structures
together with Candida albicans, while in the
subgingival plaque other bacterial species
agglomerate and surround core aggregates of
Lactobacillus spp.'°

Most bacteria, if not all, are capable of
forming biofilms,"" but the extent to which
biofilm occurs in natural environments,
including the human body, as well as the
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strength of aggregation between sessile bacterial
cells differs and is genetically regulated in many
of the clinically relevant species that have been
studied so far.'*'*

Particular types of oral microbiota, and
specifically oral biofilms, have been described.
For example, cariogenic biofilms include a
preponderance of Streptococcus spp., and in
particular S.  mutans,  Lactobacillus  spp.,
Actinomyces spp., Bifidobacterium spp., Prevotella
spp., Veillonella spp.” and the more recently
described  Scardovia  wiggsiae."*'" The mere
existence of a cariogenic microbiota is, however,
not the only driver of dental caries, as
nutritional ~ factors are also  important
contributors to the creation of the caries-prone
microenvironment by this resident oral flora.'®
Specifically, the consumption of fermentable
sugars is a key element of cariogenesis, as
cariogenic microbiota have been shown to more
effectively ferment sugars to acids and then to
thrive in the generated acidic environment
which, in turn, offers them a survival benefit,
thus creating a vicious circle.”

A specific type of dysbiosis of subgingival
microbiota, with predominance of Tannerella
forsythia, Treponema denticola, and Porphyromonas
gingivalis, has been associated with periodontal
disease.”® These bacteria have the capacity to
build their own biofilms, but also to form
microcolonies within pre-existing biofilms,'°
gradually triggering an inflammatory response
that initiates periodontal destruction" while also
altering the natural composition of the oral
biofilms even further, potentially leaving more
room for pathogenic agents to further grow and
replicate.

The two examples given above represent the
most wellunderstood types of oral biofilms
associated with dental disease. However, the
composition and the role of the oral microbiota
is much more complex. The oral biofilms
represent dynamic ecosystems, shaped by the
composition of the resident flora, but also by the
metabolic interactions between these species,
which can be mutualistic, synergistic, or
antagonistic, and which can further modulate
the oral microenvironment.'®

While the mere observation of oral plaque
led to the first description of a microbial biofilm
in the 17™ century, the extensive study of the
human microbiome in the 21" century has
characterized the oral flora as one of the most
diverse microbiomes in the human body, second
in rank after the colon.

Centuries after its first description, the oral
microbiota still provides important learning
points for the medical and scientific world alike.
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