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During the long history of their evolution, higher organisms, 
including mammals, have learnt to take great advantage from living 
in close contact with selected populations of microbes.1 By living in 
close contact, animals and microbes underwent a progressive and 
mutual co-evolutive process that is believed to be a major driving 
force in the development of adaptive immunity of vertebrates.2

As a result of this co-evolutive process, humans and other 
animals are characterized by their own unique microbiomes, 
each consisting of many hundred species of viruses, bacteria, 
archaea, fungi, and protozoa, unevenly distributed to colonize the 
different accessible regions of the body.3 The human microbiome 
is believed to account for 1–3% of body weight and to comprise 
more than 100 trillion cells.4 The microbiota is involved in complex 
host–microbe and microbe–microbe interactions, thus modulating 
nutrient acquisition, adjusting immune system development and 
general homeostasis (via epigenetic modifications of host genes5), 
and playing the role of protective barrier to pathogens.4 When a 
microbiota undergoes qualitative and quantitative changes with 
regard to distribution in a site and metabolic activity, this condition 
is defined dysbiosis and is expected to be associated with local and/
or distant pathologic signs.6

Bacterial products released by a dysbiotic microbiota interact 
with homeostatic mechanisms of the human host and cooperate 
to the pathogenesis of major human diseases, including diabetes 
mellitus, inflammatory bowel syndrome, atherosclerosis, obesity, 
liver disease, and cancer.4,7

The oral microbiota is the second more abundant and one 
of the most diverse and unique microbial communities in the 
human body.8 Although many of the most relevant oral and dental 
diseases, including caries, periodontal and peri-implant diseases, 
have been long recognized as of microbial origin, only recently the 
application of culture independent molecular methods using 16S 
rRNA gene comparative analyzes enabled us to understand that 
they are caused by dysbiosis rather than by the action of specific 
pathogens.9–11

The effects of oral dysbiosis are not limited to oral tissues: 
periodontal diseases, for example, are among the most common 
human diseases and their associations with diabetes, cardiovascular 
disease, metabolic disease and obesity, rheumatoid arthritis, 
certain cancers, respiratory diseases, and cognitive disorders is now 
supported by increasing evidence.12

Recent molecular investigations showed that some potentially 
pathogenic oral bacteria (named pathobionts), as for example 
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, 
and Fusobacterium nucleatum, colonize in low numbers the oral 
cavity of healthy individuals, without alerting sentinel systems 
of mucosal defences.13,14 Conditions able to disrupt the eubiotic 
equilibrium promote the overgrowth of pathobionts, which 
suddenly become pathogens (with support from commensals 

becoming accessory pathogens) and promote local and systemic 
inflammation by Treg and Th17 responses that, in turn, can induce 
diseases as atherosclerosis, Alzheimer’s disease, inflammatory 
bowel disease, macular degeneration, and chronic kidney disease.13

Moreover, chronic microaspiration of oral microorganisms 
during oral dysbiosis was demonstrated to act as an important risk 
factor for the onset of a variety of lung diseases including asthma, 
COPD, pulmonary fibrosis, and pneumonia.15,16

The abovementioned considerations highlight the importance 
of maintaining/restoring a balanced oral microbiota for oral and 
general health. As for the more extensively investigated gut 
microbiota, many are the factors that influence the composition 
and equilibrium of the oral microbiota during life.17 Among these 
factors, pro-eubiotic biologic agents (including probiotic bacteria, 
bacteriophages, and predatory bacteria) deserve particular 
attention for future research and application.17

Probiotics are defined as nonpathogenic live microorganisms 
which, when administered in adequate amounts, confer benefits to 
the host’s health.18 Some probiotic microorganisms are members of 
the normal oral microbiota, and their concentrations are reduced 
in the presence of dysbiosis.19,20 Probiotics have been investigated 
as means in the treatment/prevention of oral diseases. They were 
shown possibly able to contrast halitosis,21 oral fungal infections,22 
to reduce oral counts of cariogenic bacteria, and clinical markers 
of periodontal inflammation.23,24 However, the level of evidence in 
this field is still insufficient, mainly due to the use of a wide range 
of probiotics, to non-standardized study designs and to the limited 
number of oral derived probiotic strains that could have more 
chances of prolonged oral permanence after administration. If we 
really intend to manage oral and systemic health with the help 
of probiotics, future studies should more precisely address the 
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specific effects of single probiotics, adopting standardized study 
designs on larger populations and including an evaluation of the 
duration of clinical effects and oral colonization by each probiotic 
strain. Such evaluations should also be extended to some predatory 
bacterial species, since they were shown to be members of the oral 
microbiome,25 and their role as pro-eubiotic microorganisms was 
already demonstrated in the gut.26
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