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The oral microbiota

* Entirety of all microorganisms in the oral cavity
 Second largest microbial community in humans
 Amazing diversity

 Around 800 to 1,000 different types of bacteria
 Asunique as a fingerprint

 Core microbiome and variable microbiome

e Different surfaces

 Hard and soft tissue of the teeth and oral mucosa, tongue, tonsils,...




Every corner

I Subgingival plaque

Streptococcus
Fusobacterium

* Capnocytophaga

. Prevotelia
Corynebacterium
Uncl. Pasteurellaceae

of the mouth
has its own

microbiota

Hard palate

Streptococcus

Uncl. Pasteurellaceae
. Veilloneila
. Prevotella

Uncl. Lactobacillales
- Gemella

Tongue dorsum

* Streptococcus

- Veillonella

* Prevotella

= Uncl. Pasteurellaceae
= Actinomyces

*  Fusobacterium

* Uncl. Lactobacillales

. Neisseria

Sampaio-Maia, B., et al. "Chapter Four—The Oral Microbiome in Health and Its Implication in Oral an

Microbiology; Sariaslani, S., Michael Gadd, G., Eds: 171-210. 2016.

Supragingival plaque

. Streptococcus

« Capnocytophaga

. Corynebacterium

- Uncl. Pasteurellaceae

. Uncl. Neisseriaceae
- Fusobacterium

I Keratinized gingiva

Streptococcus
- Uncl. Pasteurellaceae

Buccal mucosa

Streptococcus
*  Uncl. Pasteurellaceae
*  Gemella

Throat

* Streptococcus

- Veillonella

- Prevotella

. Uncl. Pasteurellaceae
« Actinomyces

* Fusobacterium

. Uncl. Lachnospiraceae

Palatine tonsils

= Streptococcus
- Veillonella

= Prevotella

=  Fusobacterium

- Uncl. Pasteurellaceae

»,
. o
'| F = N
) 2
:/(‘
Saliva

Prevotella Prevotella
Streptococcus Streptococcus
Veillonella = Veillonella

Uncl. Pasteurellaceae




Plaque
synthesis

Jakubovics, N. S. (2015). Intermicrobial Interactions as a Driver for Community Composition and Stratification of Oral Bi
https://de.wikipedia.org/wiki/Zahnbelag



Polymicrobial aggregates in human saliva

Fluid phase Solid phase b
(saliva) (tooth-surfaee) -~
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Aggregated microbial unit

in saliva
I
Gﬁ)wth ntnc . Engulfing
Aggregated /
colonizing units
s R
\w/ w ~ Merging
|. Attachment Il. Biofilm initiation Il. Biofilm development

Simon-Soro A,,Ren Z, Krom BP, Hoogenkamp MA, Cabello-Yeves PJ,Daniel SG, Bittinger K, Tomas |
Human Saliva Build the Oral Biofilm. mBio 13:e00131-22.



Biofilm formation

Complex microbio

Salivary factors

‘[ 8 //

Poor oral hygiene

Sugar-rich diet

Bowen, W. H., Burne, R. A., Wu, H., & Koo, H. (2018). Oral Biofilms: Pathogens, Matri
Microbiology, 26(3), 229-242. doi:10.1016/j.tim.2017.09.008
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Biofilm formation »
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= / Competition
Sugar-rich diet ://
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j diffusion-retention
_afe 2NN
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Bowen, W. H., Burne, R. A., Wu, H., & Koo, H. (2018). Oral Biofilms: Pathogens, Matrix, and Polymicrobi
Microbiology, 26(3), 229-242. doi:10.1016/j.tim.2017.09.008



Life on teeth — a battlefield

High diversity

Lower diversity

R S. salivarius

%. naeslundii "\ S. mutans
Alkali producing \\ EPS and acid

producing, mutacin

Sucrose

Starch hydrolysates

S. salivarius

) C. albicans D |

Other fermentable sugars
(glucose, fructose, starch hydrolysates)

4 p -
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4 h /
4 & slg:ci:;? “ O"“O Veillonella _,..--/"\
Eps.glucan Metabolic / &
o o s @@ cooperation { &=
pracuchion. S. gordonii Lactobacillus, Y g

Pellicle

S. sanguinis

8] :
gk
(=) Bifidobacterium

pH |1 Scardovia

O o "'-b;c 7@
- 1 Nphsmom,
S ()! O%JO o cgkco)o
°Kokookou 080

: w0
(__ 00.' L, .x: -

Enamel

Carious lesions

Bowen, W. H., Burne, R. A., Wu, H., &Koo, H. (2018). Oral Biofilms: Pathogens, Matrix, and Polymicrobial Interactions in Microenvironmen

doi:10.1016/j.tim.2017.09.008




Probiotics
as a natural defense against
oral pathogens

4



Mechanisms of the probiotic defense

Immune system modulation

Blocking of proinflammatory processes ’)’ B :Q:
Stimulation of anti-inflammatory reactions A

Receptor blockade #%
* Adhesion to the epithelial surfaces of the nasopharynx “ ﬁ(
* Blocks bacterial docking stations Lﬂ
e Antibacterial & antiviral substances ‘
* Production of bacteriocins that inhibit bacterial and \‘Qi;;,:
viral growth

Reinforcement of the mucosal barrier

. . . \‘P‘:rj‘l\vﬂ\:lu"du"
Stimulation of the mucus production .
Protection of mucosal cells

Cosseau C,, et al.. 2008 Sep; 76(9):4163-75.; Horz HP,. et al. 2007 Apr; 22(2):126-30. ;Frickmann H et al. 2018 Dec; 8



Streptococcus salivarius K12

Natural commensal of oral cavity that
colonizes the oral cavity and the digestive
tract as one of the predominant species
within a few minutes after birth




S. salivarius K12 inhibits the growth of
cariogenic Streptococcus mutans

p=0,001

100 %
g & A 30 days S. salivarius K12
application significantly (-79%)
£ 60
E reduces Streptococcus mutans
£ a0 numbers.

20 I

0 vor nach vor nach

30 days 30 days
S. salivarius K12 without intervention

S. Poorni, et al. “Comparing the effect of probiotic Streptococcus salivarius K12 and M18 on the Streptococcus mutans c
randomized double blinded clinical trial,” Cumhuriyet Dental Journal, vol. 24, no. 4, pp. 346—354, 2021.



S. salivarius K12 ameliorates the
salivary pH-value

p=0,001

7,5
<
N~
7 2 fLL . .
S ¢ pH-value in the oral cavity:
8 35 .
S 657 C ideally around 7.0
I? T
S = (Standard value pH=6,2 - 7,4)*
> The lower ph-value the stronger is the
i demineralization of the tooth enamel.
4,5
before after before after
30 days 30 days
S. salivarius K12 Control group

S. Poorni, et al. “Comparing the effect of probiotic Streptococcus salivarius K12 and M18 on the Streptococcus mutans count, salivary ph and buffer capacity: A randomized double blinded clinical trial,”
4, pp. 346-354, 2021.
*S. Baliga, et al. “Salivary pH: A diagnostic biomarker.” Journal of Indian Society of Periodontology vol. 17, no. 4, pp. 461-465, 2013



Streptococcus salivarius K12 lozenge
~_prevents ear and throat infections

0,50

0,45
0,40

0,35

. Highly significant reduction of
0.25 bacterial pharyngotonsillitis
0,20 and acute otitis media.

0,15

Incidence / month / child

0,10
0,05 -95% -72%

0,00 L L]

Pharyngotonsillitis  Acute Otitis media

m Control m Streptococcus salivarius K12

Di Pierro F, et al. Preliminary pediatric clinical evaluation of the oral probiotic Streptococcus salivarius K12 in preventing recurrent
caused by Streptococcus pyogenes and recurrent acute otitis media. Int J Gen Med; 5: 991-997 (2012)



Streptococcus salivarius K12 reduces
bacterial and viral ENT infections

Reduction of infection incidence (%)

-100 -96%
bacterial viral
[} control m Streptococcus salivarius K12

Di Pierro F, et al. Use of Streptococcus salivarius K12 in the prevention of streptococcal and viral pharyngotonsillitis in chi
Drug Healthc Patient Saf; 6:15-20 (2014)



Visible effects even 6 months after treatment
with Streptococcus salivarius K12

0,25 p = 0.04
| |

é 0,20
2
E 0,15 . e ge ° .
Q= Significant reduction in
-c “E [ ] [ ] [ ] °
S 2 o . bacterial ENT infections in the
(a = (0]
5 6 subsequent months.
2 0,05
3
2
- 0,00

control Streptococcus salivarius K12

PT, Pharyngotonsillitis;
AOM, acute Otitis media

Di Pierro F, et al. Preliminary pediatric clinical evaluation of the oral probiotic Streptococcus salivarius K12 in preventing recurrent ph
caused by Streptococcus pyogenes and recurrent acute otitis media. IntJ Gen Med; 5: 991-997 (2012)



Streptococcus salivarius K12 significantly reduces
the intake of antibiotics and antipyretic painkillers

) jzz Streptococcus salivarius K12
g 0 reduces the treatment with:
g > . Antibiotics (-97%)

% 300  Antipyretics (-93%)

200
100 -97% -93%
0 — —

Antibiotics Antipyretics

] control m Streptococcus salivarius K12
Di Pierro F, et al. Use of Streptococcus salivarius K12 in the prevention of streptococcal and viral pharyngotonsillitis in chi
Drug Healthc Patient Saf; 6:15-20 (2014)



The mouth-nose-ear-connection

uvula

i

nasal
cavity ET orifice

C  soft palate

Inner ear

ossicles

nasopharynx

~ torus tubarius

=22t oropharynx
8
=— .

4 ; laryngopharynx
:5': eard riJm . promontory
outer tympanic Eustachian \\
Bl ity WREEED) palatopharyngeal orop;larynx
Outer ear Middle ear

arch

Lee JY, Jacob KM, Kashefi K, Reguera G. Oral seeding and niche-adaptation of middle ear biofilms in health. Biofi



Microbiome relationship between mouth,

hose, and ear

Oropharyngea
a Otic Oropharyngeal Buccal P p\ :;y .
A &L ~
76 76 ‘
20 4 15 15
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B W N 2O
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Lee JY, Jacob KM, Kashefi K, Reguera G. Oral seeding and niche-adaptation of middle ear biofil
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[ | Treponema 2 Treponema 2
Capnocytophaga Capnocytophaga
Pasteurella Pastsurslia
Rothia Ralstonia
B Gemeiia Rothia
N Raistonia & Aggregatibacter
=] Stenotrophomonas Gemella
Aggregatibacter £l Stenotrophomonas
B prevotelta 6 Prevotella 6
.ﬁm ] Campylobacter
Porphyromonas | Porphyromonas
B anoprevoteila i B anoprevotelia

! Prevotella

L Fusobacterium
B veiloneiia

B prevotelia 7
Strepfococcus
Ha hilus

L Leptotrichia
=) Neissena

[ |
- Prevotella
| Fusobacterium
" W veilonelia
M prevotelia 7
m Streptococcus
WS Haemophilus




Streptococcus salivarius K12 displaces pathogenic
bacteria in the upper respiratory tract

40
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Staphylococcus Streptococcus Streptococcus Streptococcus  Klebsiella Candida
aureus epidermis pyogenes mutans pheumoniae albicans
B vor Probiotikum B nach Probiotikum

Illchenko SI, et al. Modern possibilities of correcting dysbiotic disorders of the mucous membranes of the upper respi
Pediatrics 2019; 14:7



Positive impact of
Streptococcus salivarius K12

reduces repeated streptococcal infections (pharyngitis,

tonsillitis and middle ear infections)
: O

protects against viral ENT infections
(sore throats, colds and the common cold)
— canreduce the risk of COVID-19 infection

helps to prevent halitosis (bad breath) and tooth decay Tgeo

reduces the use of antibiotics and antipyretics E
(@ )

prevents systemic effects caused by oral diseases




Periodontitis development

Tissue breakdown
products

Symbiotic Microbiota  g,1eral Factors:
aging, diet, systemic Dysbiotic Microbiota
diseases, smoking \

Internal Factors:
accessory pathogens,
keystone pathogens

Activation of
Immune response

Periodontal Health Periodontitis

de Brito Bezerra, Beatriz & Poormonajemzadeh, Sepehr & Silva, Davi & Pirih, Flavia. (2022). Modulatin
in Dental Medicine. 3. 879131. 10.3389/fdmed.2022.879131.

Exotoxines

Enzymes
(Proteinases,
haemolysines,
deminases)

Toxic metabolites
Acids




Periodontitis development

Tissue breakdown
products

Symbiotic Microbiota  ¢yiemal Factors: *  Exotoxines
agingu diet, SyStemiC DySbIOtiC MiCI’ObiOta . Enzymes (Proteinases,

diseases, smoking
haemolysines, deminases)

. Toxic metabolites
. Acids

Internal Factors:
accessory pathogens,
keystone pathogens

Activation of
Immune response

Periodontal Health Periodontitis

Leaky gum with
systemic effects!!!

de Brito Bezerra, Beatriz & Poormonajemzadeh, Sepehr & Silva, Davi & Pirih, Flavia. (2022). Modulating th
in Dental Medicine. 3. 879131. 10.3389/fdmed.2022.879131.



Leaky Gut vs. Leaky Gum

Leak

- Keratinized
" mucosa

T 1L

¢

~ Non-keratinized
mucosa

B

Damaged

cell

Gingival sulcus (GS), periodontal pocket (PP)

Epithelial attachment 7
+ Internal basal lamina (IBL) | junctional
+ Hemidesmosome (HD) = gpithelium (JE)

Apical extent A

c
Lamina propria E

Jy U

Claudin

HD

Laminln-332 j
! GCF

Leak /| PMN'—' ’.‘;’ - p‘echn ete

a\;;éaf-

Basal layer of JE

Park, D.-Y.; Park, J.Y.; Lee, D.; Hwang, |.; Kim, H.-S. Leaky Gum: The Revisited Origin of Systemic Disease



Oral-gut axis

Oral symbiosis

Tooth /
= Tooth dentin

j\“‘ Eubiotic oral microbiota

Gingival sulcus with symbiotic
subgingival biofilm

Tissue homeostasis
Intact bone integrity

Tooth cementum

Gut symbiosis

T SCFAs, PSA, PTGN, AMPs

Gut lumen

22 0 % e ol GRS
TMucusIayer@ 0% 0’“ Q.O'?g'a%éog

o i

Healthyepithellal barrler ’ ‘ ! °
@ .‘. ® 0] . ® ¢ 0

° % .
Lamina propia ° ° . °
° Immune regulation * °
Tissue homeostasis
% Commensal bacteria % Keystone pathogen ‘ Inflammophilic pathobiont @ SCFAs, PSA, PTGN, AMPs () Gingipain*, PGN*, LPS & other virulence factors

https://www.cell.com/trends/molecular-medicine/fulltext/S1471-4914%2823%2900191-0



Oral symbiosis

Tooth
= Tooth dentin

Oral-gut axis

Factors affecting periodontal health:

% N Eubiotic oral microbiota

Gingival sulcus with symbiotic
subgingival biofilm

Tissue homeostasis

Intact bone integrity

Tooth cementum

Gut symbiosis

T SCFAs, PSA, PTGN, AMPs

Gut lumen a ’
/ e .0 Q' = o o) SES
SO S O (3 *0 A%
1 Mucus layer - % 0 e SNy
Healthy epithelial barrler t P L
.0 . e o . ® o . @
.
Lamina propia ® ° : ° [

® Immune regulation

v

Tissue homeostasis

Hygi . e

- Periodontitis

* Tobacco Tooth enamel

* Diabetes Tooth dentin

e Genetic susceptibility - ) N

o Advanced age Dysbiotic oral microbiota

Periodontal pocket with
dysbiotic subgingival biofilm

Mucosa permeability & inflammatio
Bone resorption

Tooth cementum

Bacteria passing !
through the !

....................

Gut dysbiosis

J SCFAs
1 LPS & other virulence factors

Gut lumen /o

Factors affecting gut health:
e Diet
o Pathogens infection
 Antibiotics & medications
e Inflammation
© Environmental stress
* Genetic susceptibility
e Advanced age

\:‘\/ Commensal bacteria

%\ Keystone pathogen

‘ Inflammophilic pathobiont ) SCFAs, PSA, PTGN, AMPs () Gingipain*, PGN*, LPS & other virulence factors

https://www.cell.com/trends/molecular-medicine/fulltext/S1471-4914%2823%2900191-0




Streptococcus salivarius K12 in periodontitis:

* s ableto produce aproteinaceous small molecule (not a
bacteriocin) capable of inhibiting IL-6 and IL-8 activation of
primary human gingival fibroblasts by periodontal pathogens.

* is also effective applied prior to pathogen exposure.

* does not alter the native salivary microbiota nor stimulate an
immune response.

MacDonald KW, Chanyi RM, Macklaim JM, Cadieux PA, Reid G, Burton JP. Streptococcus salivarius inhibits immune activation i
pathogens. BMC Oral Health. 2021 May 7;21(1):245.
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