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severity of A naeslundii-relat é‘é"‘{?l seases. Background of the invention io

The nmouth (oral cavity) contains a resident and a non-resident mcroflora.
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.lips, cheeks, palate and floor of the nouth only support a very sparse
rnicroflora. t5 The dental plaque, is a filmthat forpms _on the surfflace
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and negatlMﬁiﬂ@OﬁbfﬂTﬁiﬂbﬁﬂﬁonﬁqmanony dparee microfiese ni croor gani sns are
i nnocupus comensal , but a | ot t hem have been recogni sed as the

eti ol obﬁc agent of quite a few diseases (Hill, M J. and Marsh, P. D. eds.
Human M cr obi aFhedentayplaquesis, a fihe that fermsBon shesudacsof Fte@thumslsusg) of 1
WD 01/9171
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transi ent m?c}r of |l ora tgnB es exo enopg atct erh§nt hat can be occasionally
pr esent® i n3HASRBLTRFCI, P Of 1P gt’%ﬁpgﬂ per manent residence (even
if repeated oral administrations of these bacteria are carried out). All
the On the tongue and the buccal mucosa, the natural resident microflora
includes microorganisms selected from Streptococcus, Veillonella, Bacteroides
and Haemophilus. On the teeth, Streptococci and Actinomyces predominate but a
30 variety of Gram positive and negative cocci and rods can be found.
Mé.ny of these microorganisms are innocuous commensal, but a lot of them
have been recognised as the etiologic agent of quite a few diseases (Hill, M. J.
and Marsh, P. D. eds. Human Microbial Ecology, 1990, CRC Press, Boca Raton
35 Florida, USA).
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I's food bacteria, and in particular lactic acid bacteria, can be part of
this transient mcroflora. Sone of these exogenous |actic bacteria have
been showiohpot?gr capabl e of adhering to the pellicle of teetr/Erotios2eexanpl e,
WO 00/ 09080 (Societe des Produits Nestle) discloses |lactic bacteria
strains, that are not part of the resident mcroflora of the nouth, that
are low acidifying and that are capable of adhering directly to the
pellicle of thf teeth. .Thes bacterla ar Egrtlcul arflﬁé ﬁd or treatl ng or
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prepar &t i OEPQngﬁCtEHPrp% fn QarticRlan tacticr agl rbé'ﬂt‘?&am&aﬁ gart pﬂfa{iﬂfetf%%}eﬂ'br
treating omigfoflogating root caries or other disease related to Actinonyces
naeslundii in mammals. The |lactic bacteria my be selected fromthe group
consi sting of 15 Streptococcus , thern:ophilus, Lactococcus |actis subsp.

lactis, and LaSomsoelthesezxogencusbaptic bacteria hﬂvwmerwlmmW hetdapabledof
parti cul ar Balhéri tbNehed" HR:IEO(SIS'tééthnTo?f etdifiple! rwom@b%é (fS fisté CREM

| -1985, CNCM Bﬂ col oni si ng t sur qz%ce of teeth
and pr Riuc %%&Pﬁﬂ oseplactis bagharisy %“'a@ﬁrctll?aF 4% het B%R‘Etog the residestcer t
andSI gni f :j ﬁﬁatoﬂcﬁld witthe in@ith} Elrat axd B a@fdlfyihg mguc?@ﬁm@aﬁphmeotbﬂ ?dﬁédmﬁg
reduci n ague OO r n es ,naesl| u
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mai nt ai ni nireating loegireventing dentat cates and periedoniah gnfetion dhatargataused dfy

Act | nowceﬁaa@gahe NflicrobfbAhiSATROR dsOBHERIRIICEES llighlORRACHS bREbECus

bacteria t been serected for I1ts ability to adhere to the too
sur f ac@ andol ’G"%SF oduce a growth inhibition factor.

Exogenous bacteria can also produce factors that inhibit the growth of the
resident microflora in the mouth. For example, EP759469 (Société des Produits
Nestlé€) described the use of a bacteriocin produced by Micrococcus varians for

30 inhibiting the development of the oral pathogens S. sobrinus, S. sanguis, S.
mutans and A. viscosus. The application of bacteriocins is also one of the
investigated strategies which have been set up to reduce tooth caries. These
molecules have attracted interest as prospective anticaries agents and as factors
important in modulating colonisation of the oral cavity.

35

It is to note that the prior art does not provide any information concerning
strains that can establish in the oral cavity by directly adhering to the pellicle of



Such a conposition may contain at |east 104-109 cfu /g of lactic bacteria.

r 30 The invention also provides a nethod for the prevention or the

t r eat mentw@b14¢hi nonyces naeslundi related infections, pamrormbosod2gs dent al
pl ague extent and root caries in a manmal, conprising the step of feeding a
manmal a conposition containing at |east one lactic bacteria strain
selected for its ability to adhere to the 3s tooh surface and to produce a
grow h inhjhition factor, said conpositiaon reduces, the cqlgnizati.on of

At nony et el aad it proip SITES Shh BE. £ SR FRabAloRSadPre T BB Fonc i on
of the i nveodulate \fii¢ iolonizatibnm|dfodi ngeslesdiiisnt aortp tedacetthe hedefitynest Ahe
oral cavit f 1 r-anlapl s such as pets, conposed by the oral nucosa
" (guns, Iip%{?%éu@@gt,eapcg?a Sggand fl oor of the nouth), the tongue and the
teeth (including artificial structures). The ternms "inhibition growth
 factor”s deg A ar substance produced by the adherent
exogenosus $g@?§%ﬁggt{:9§|{a ttia(%H enables it to inhibit the 10 growth of

A naeslundi. Wth respect to the first object of the present invention, the
use of an exog€onsesjueatyi thé gresent ainveatiomaainisedo proivede etiief nse idfs ladtid i ty
to adhere 0 f 0 g%m@ LohibLt i ,
for the pr%%%%@%%agc%?ségofggﬁg%ﬁp{%gh ?@1%&?@%&6 orlfprh gggylg % Sggaﬁit%?tfg aque
and for txtein abjlity tpradheneitadgtheoioohcanfase and ¢o Hueduce dagrowidl inhibitian

ACt i NOKAY CERLAAEST Mﬁe#ﬁ%@eﬁ 5%%;65%:& figeh8ed#6t REdiRinB ekl ﬁ% ed

fromthe gro con Strept ocogcus ther [allus act oco

| actic sub@‘p!fiJ P(Pra'é?qtg}g thr?_‘%f&t‘é?gdg’@ﬁﬁa‘?‘?ﬁ Pryether {)P@% F&aQJ?%AWWC“
di acet yl achasshinndli iemianebhR; |y fromthe group consisting of the strains
Srept ococcus thernophilus (NCC 1529) (CNCM |-1984), Sreptococcus

t her nophi l us (NCC 1561) (CNCM I -198S), Lactococcus. lactis subsp. lactic
(NCC 2211) ( CNChhe¢ - k@8ig) bactertaoanay ube dedeated fobspthel group oomsisting of
di oacety! agfLi - 2 e ti [y a4

prefer ré%l ygér‘r%{?)t %gggﬁrﬁﬁ@lg#w g."@?%ﬁ"ﬁaﬁ%‘lﬁ ﬁdrbg.% rlﬁg ?tES?oc‘{rIﬁcﬁgg'!soz:?cf%ﬁ
exanpl e) . ~ IasEsisubin. dagras biavay dicessylariigand particularly frans the groupogensisting
aci di fyi ngof thehitfainsSCNTERINE 1982 CNCMJI- 19855 GCM 1111986, UNCMPRIIB8gENI C
strains. Accordingly, it can contribute to a pHin the oral cavity of about
5.5-7. These strains have been _selected anong | atic bacteria strains_for
thei r capaci t yTBus,depeotopisingothensiirface of teetly andnprodsging growsthy indyibitinn

gr ovv: hﬁ? hf&m,r Qﬁdllf ¢adtic Bblﬂéﬁafﬂeﬁ, e%&ir't oh éignifmvn\: ﬁé@ﬂfhtﬁibly E)_ﬁ th@febct?ﬂ%ﬁ'
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ohi ch conbAnERoTacesh eeshimdivgRys M daeiperenabiiiteea0ot chtie! af Gther

Actinomyces naeslundii related infections.

Another object is to provide a composition for maintaining the health of the

25  mouth by reducing the colonization of Actinomyces naeslundi, said composition

comprises an exogenous lactic bacteria that has been selected for its ability to
adhere to the tooh surface and to produce a growth inhibition factor.

Such a composition may contain at least 10*-10° cfu /g of lactic bacteria.
30
The invention also provides a method for the prevention or the treatment of
Actinomyces naeslundi related infections, particularly dental plaque extent and
root caries in a mammal, comprising the step of feeding a mammal a composition
containing at least one lactic bacteria strain selected for its ability to adhere to the
35 tooh surface and to produce a growth inhibition factor, said composition reduces
the colonization of Actinomyces naeslundi.



adhesion properties allow themto significantly decrease the col onization
extent of A naeslundii genospecies 1 and 2. Mdireover they are capabl e of
fermenti Rgo@hMpRse and sucrose and do not s synthesise gl peanpo1mbdegh are
factors of pathogenicity of the cariogenic strains. It is also possible to
use at | east one lactic bacteria strain in conbination with a bacteriocin,
for exanple. to The lactic bacteria strains nay be included in a food, pet
food, cos har ceu 03| tion, for exanple. Accordingly,

t hese co nﬁﬁ%‘k@(ﬁ SR O irtﬁﬁllw"t Mhpaste, nmouth rinse, gum spray,
beverage, candies, infant fornula, ice cream frozen dessert, sweet sal ad
_dressing, mlk apat i e t d f.f ee
cressing. i WRRARCHR Bpwifd SERGIPAOE e YAOUR! aeBRUELI¢ ST bi0n o

be used i nhumapsmernaniohalatsuchass pmmnnpcb&cd/ Qyoﬂhel aral i mupesa égums, dipsThe

.effect of LGRS %fﬂ’b &bl oap n | ora

wa$ tes'fedbl n apﬁ}g?étbn%l(* eegﬁpai ng %zlbl?/lh -1% 'ccil %&%agn%‘%ﬂ bl e
t o nodul at artiicdalBtenctages).obi al  ecol ogy, significat i veI y reduci ng the number
of total CFU. More specifically, the strains were able to si gni ficantly

decrease the cg|oni zation extent of es di i ec t h which
the 25 rats h ﬁhﬁe@ﬁnﬁnf BuiBiOR rdweh faes detien s eteceiflacnevbienad on
OF THE SEL Ped biyAthySadierbrr exuienbus lagtit b@clftéﬁa tH& aiabbdseittodahibicehe

tested Wt bi oMerieux strip test {bioMerieux SA 69280
Mar cy- #& ogfoéyfﬁlﬂ%a‘kg@fspﬁd ‘the results are given in Table 1. Table 1. Sugar

fermentation of L. lactis CNCM1- 1987 (A), L. lactic CNCM I _ 3s 1986 (B),

S. therrnophil ugﬁg‘%%e&gl%d'&(ecﬁst%bﬁbpBf%@%rlak@n%@%tjioﬂgﬁé 68 ofPan WO

01/91711 PCTI EP
Sugar ABCDSEXREcABEDAael tharteria that ihaadwem selected for dfst dhlity: fo-adhere f0-shg g dal

| N++++D- Lym:e&rﬁd@bmﬁwssw)a@@a oﬁtﬁbﬁﬁ%&ﬁb@!ﬂiﬂt&ﬁ'fbﬁﬁe‘@rﬁf@ﬁhbﬁ'& Banno
se+++++L- Ar abi t al.+++ eAquuu Nt+++4++ se+++++++a- Met h
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}\Ahe Budapes;-e Tér%gk%scgeifg‘arﬁzbggﬂﬂ NU-:(E OE%NW?I-%gS@'LM@c% glactzs
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respecti vef J Ctll‘ﬁl ilé).] f%cocﬁ’f%algzé’nsdﬂ‘ fAictis g,
1998. to Thivvaedivutenplnatio (NG 2225) (ENEMIdAB7)nvention relates to a
conposgiion for maintaining the health of the mouth by reducing the

col oni zation of Phe Betic WAk 1 ék@ﬁ&;%o A 8?%‘?1‘? '(H@.%ﬁ%fﬁiﬁiﬂ?ng‘aﬁ ’

sai d conposi,tion conpr)ses an _exogenous lactic
sel ected fHFltki?"sdbﬁﬁSﬁ%‘%}'qX@nE& flre to the tooh surface and to produce a
grow h inhibition factor. _ s These corrp05| tions are particularly intended

for the prophyl axis or the. treatne ental plaque,and i ti,on,rel at ed
to A "mapstonai 1hilaglie SRt AL g tos b inVepBpR ¥ S10P Bt o pich
bact er B& stmeans thatadt ds nigss cacudléylpgelshant pal!lmgamcoatramss dlozordidgly ftrozmt he
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These strains have been selected among latic bacteria strains for their

capacity of adherence to the pellicle of the teeth, their optimal growth

35 temperature is about 37°C, which is the temperature in the oral cavity. They are
also capable of producing a growth inhibition factor, which combined to their



subsp. lactis, and Lactococcus lactis subsp. lactis biovar diacetylactis
and preferably fromthe group consisting of the strains CNCM I -1984, CNCM
| 1985, CNgdir91886 and CNCM | -1987. ~ s Such aconpositi on peeyegnfsmisn at

| east 104-109 c~u /g.of lactic bacteria. Synergistic conpositions may al so
be prepared, adding at |east one bacteriocin, which is active agai nst
Gram positive oral bacteria. In that case, the oral hygi ene conpositions

may conpri s 0. 0000 5 a efera 0 t 5% 0
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carbonate, cal cf{% ajF%PPﬁ%?f F%H?eegt gqaﬁﬁf’ﬂ% qutgga SHai Hacombipation

or t hophosphafhea badtetibein, bar éxaphle. and silica, of which silica is the .
preferred abrasive. . Corrp05| tions according to the invention will have a
pH which is orally 3s acceptable and within which the activity of the said
| acti cibact er i Thedactint ba:mta;ia(slriaimdnayﬂle mdluded inea food, lpet foodjeccdnietic br
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commonhy i epipkd at root caries S|tes in particular in humans over 40
years, and they are believed to be the major aetiological agent of this
di sease. to Thus, the invention also provides a method for the prevention
or the treat nenﬂ'hsfex@@nnusrm bactetia moay bel useddni af ampiphef iah leastmid) s,

particul arhy® mrgaéfl%ﬁ&ﬂﬁct%ﬁ%lem and root caries, conprising the step of
feeding the na a conposition containing at Ieast one lactic bacteria

strain selected for its ability 15 to adhere to the tooh surface and to
producgp a growt rrhenhffbctt iof Ninfc dmun'g' hﬂaeaabuné nientivhed dbadiesa rigd theyorag of
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| ndeed, vamene sabimdw frnodulaten theo bral hmidrobialt écology, nsignificativelyt xeduicing the
d i b d t h
escribe (’fjiﬁﬁﬁiei‘ of Yol g %o@@%@é?@fcail@ ttl*x‘é’%ﬁ‘raﬁﬁ' ngeﬁ;d tal(a)l&f fgﬁ%ﬁﬁ €
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scope of t Hecrensg the cwam@@@n PRl Aoﬂge dii; gaespesies A, thﬂ"ewdll%lélth%ur es

of 25 whi cbatamdrb@@ﬁﬁﬂmmde@e@gxambwsgnce intheir entireties to the extent
necessary for understanding the present invention. Exanple 1. in-vitro

trials 30 The strains S. thernophilus NCC 1561 (CNCM [-1985) and L. lactis

subsp. | acige)EERA @i@q Qﬁ@m@ﬂ@m t I D MPRX NG were
mcorporate& in wtrhéa‘l n a ? mmmec |ngi:d§2F§Elb ag‘%l n wtr%. . The

oral strain A naeslundii genospecies 1 (fornerly A naeslundii) 35 OMZ745
and A 3@aeﬂe¥ﬂﬁlﬂtaﬁ@ﬁ0§§ﬁ@tﬂ§ 49 (digiplerdugals weRCesus) vl kAd apir soobHi ned

from the | %fél\/lteﬂggxfs"t{np qeat ?bl%rr?éou'xo lS%]' 895%]& l\ﬁlarc%refftoﬂe, France) and the

results are given in Table 1.

Table 1. Sugar fermentation of L. lactis CNCM I- 1987 (A), L. lactis CNCM I-
35 1986 (B), S. thermophilus CNCM 1-1984 (C), S. thermophilus CNCM 1-1985

D).
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WO 01/91711 PCT/ EPA /06268 | nmrunol ogi e,

Uni versity of Zurich and they

were cultured in FUM nedi umin anaerobi osis (GasPackSystem BBL) at 37C

Al

sel ected strains L.
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hours s prior to use at their specific optimnal
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erti eg@ @y gondiit i Q sB. therno hil us [NGEiSHLRs I'1ikef;
37 CL. A‘ﬁﬁél S subsp. laftis NCC2211S- H'c*olﬁd]i lrsent FI 37
CS. soly 0\/217 ca*i’“ dAifcFUM 37 CS.|oratrs LIM B7
CA. ngé&sl 7¢5PI aftret | or mi g 1 odit@-Meth¥sDr glusat i I 37
CV.di § ar OVZ493PI a ue form hFUM {37 CH.glwensideat u rm nFUM
37 C 2deiesiedure |- Sal|va pelliclie forirMeaRyl-Dover sy
hydrojyapatite disics of| 10 nn di afet er |(hYsRERAL!I T
Landgn e Netjherl apds) Wi th 800 29 ! . ubat e{ f or
4 h atﬂﬂ h%‘ilerrperature undef shaking ( 'Rc??ltsl%&\%e sterile
Nuncl g Wo pifeifi1 pET/ EPQE e ti um
pr epar|d?1 éﬁﬁsegrow S. t hennophi | us {NCC15dRibose | act NCC2p11,
S. solydi-FusoseVzZ17 S. prali$ OVZ§07, A Satizes!| undi par
OVZ493 Gulsbtdse nucl ea,qur - QW 596 ctver ni gﬂﬁrbﬁél 37C in -
FUM gI t her,yrapphi | ys NCE1561 {in L act he ODpSa
to 1 vctgﬁ,é@fjl(\/lb?cz’isﬁd p('%r P nl pf eag¢h oraLgaﬁterlal 2 mi| of
ei t her] SUCR nmophfi | us NCC 1561 on L. I subsp} . The
cont r gI2-keioGlegomate gnt ai nk t helfi ve [oral [SYUCERSEs onl -
5-ketoGluconate D-Tagatose
GIcNAc + | Trehalose ++
D-Glucose + |+ _++ | D-Turanose ++
Glycerol Xylitol +++
Glycogen D-Xylose
Inositol L-Xylose
B-methil-
xyloside

+, ++, +++, ++++ show if the fermentation beguns after 3, 6, 24 or 48 hours.

The strains Sreptococcus thermophilus (NCC 1529), Sreptococcus
thermophilus (NCC 1561), Lactococcus. lactis subsp. lactis (NCC 2211),
Lactococcus. lactis subsp. lactis biovar dioacetylactis (NCC 2225) were
deposited under the Budapest Treaty, at the Collection Nationale de Culture de
Microorganismes (CNCM 1-1984, CNCM I-1985, CNCM 1-1986 and CNCM I-
1987 respectively), 25 rue du docteur Roux, 75724 Paris, France, on March 3'd,

1998.
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The second main object of the present invention relates to a composition
for maintaining the health of the mouth by reducing the colonization of A.



- Bio~Imformation and recovery: the procedure is as described in
GQuggenheimto et al., x998, Validation of a new biofilmnodel. J.Dent.Res.
77, (Specawbesotmi 1 |0 (Abstract #38). - Cultural anal ysi ecaferolyes2es o, ~I m
spiral plate the suspension on Col unbia Bl ood Agar (5% sheep bl ood, Becton
D cki nson, Meyl an Cedex, France) for the total count and for the
differentiation of A naesl undii. Incubate the plates at 37Cin 1s

Spael ot oo hedighdih i IS, VS S ThBRiA6h  BahAr{IEs Ohf | sRateddlfy JBLHY
the Tabl e Bacteaa,awﬁmmas Beemasnlested fosits ability toedheneita te toob Gufiatie ands

applied ing Bit riments. StrainRelevant ro
“ertiesG ovvt ongl t |é§ Q@?@ﬂeirﬁ?oﬁﬁﬁﬁjs NCC1561S- HA adherent Bel | i ker; 42
CL. lactic subsp. lactis NCC2211S-HA adherent ML7-1 actose; 37 CS. therno

hilus NCC1536“TBe§LH1 QSﬁgﬂ&ﬁﬁJﬂs' l&%r aftieufdily mt%ﬁaé& ”féir' th@’%&)ﬁ)?'lﬁ@%e?r the .

form ngBHI bi osi sA. cCOosus | ague

S. ther naot;ﬁ@qr%@ plague ﬁ@fi lpesre% 596 neealundin disease Pesipas 1
(killer Stf@tl’dﬁheg\l&fo@eﬁ & for growth antagoni sm agai nst A naeslundii
OWZ74S and A. viscasus 10S (target strains). 10 WO 01/91711 Procedure
PCT/ EPOL/ 06268 - Grow the killer strains overnight on agar plates in

anaer obi osi s and@hehactiarbgeterst stthimsaa’:cor&fﬂg tonthe presit dnsemtiomnsrselgdiede -
Dilute t n 0

(agar g/ %ohg. né}% gl ncfsiﬁt] g;)%g “gtn 53 %71(3\';;& ? hm‘S %a?ﬂca%?&} l%gﬁtg |y
on a BHI aqebsppl lact;sr asd| democms 1a¢tzmtsubmnla@mé7¢@ptan lacendacts r and the
Killer stfgidfolabfnitdi i IME a& Sndidtind) Of '1HE edfing CNOM I BURMENEM -

par al | el trains alone as a contro
37 Cin an&gﬁﬂ)ﬁ:ﬂ&l\g%ﬂcﬁg Mtfr 9§M h antagonismis reveal ed by an

i nhi bition hal o around t he cross 15 Statisticals Differences between the

comL ol 20 R St LR b e T 200

i ncorporated and grown in the plaque-like biofilmon the S-HA discs, and

their total CFUkGhsGigR %fo%»fﬁ;os‘ﬁ@orﬁ &y €ald Vlf@éif@%ﬁﬂ%ﬁe-%ﬂh?% dat I@ T?lél sc) .

Level of ipcorpo atlon of, e two dalry strain
The val uesP3Gteripsia, Faueh &F agteagainpleCTammmasitye Aral L Racteria, 4 dhaticase, th

devi ati onseral hygiene compositions may comprise 0.00001 to 50%, and preferably from
20 0.00001 to 15% of purified bacteriocin, by weight of the composition. The
bacteriocin is ‘preferably variacin (EP 0 759 469).

In order to protect the composition from degradation, an oil-soluble

anfioxidant may also be included. Suitable antioxidants include the

25  "tocopherols", butyl-hydroxyanisole (BHA), butyl-hydrxytoluene (BHT), and

ascorbyl palmitate. The oil soluble antioxidant is present in amounts of from
0.005% to 0.5%, preferably 0.005% to 0.01% by weight of the composition.

Suitable abrasives for use in dentifrice compositions of the present

30 invention include calcium carbonate, calcium aluminosilicate, alumina, hydrates

alumina, zinc orthophosphate, plastic particles, and silica, of which silica is the
preferred abrasive.

Compositions according to the invention will have a pH which is orally
35 acceptable and within which the activity of the said lactic bacteria is not
compromised. The pH may be in the range 3.0-9.5, preferably in the range 3.5 to

6.5.



S. ther~nopl ai l us NCC1561L. |actis NCC2211Met hod of inoculation 6 6x10
)(x10 )To ether with the oral strains4.08 +/-1.785.76 +/-3.64Before the
oral straygepoPdst +/-2.21 '3.87 +/-4.01 25 The effect of i pcampor/ed2ssg t he
dairy strains in the biofilmon the oral species is indicated in the Tabl es
5 and 6. Wien S. thernopl zilus NCC1561 was included (Table 5), a general
decrease of the total flora, that is represented by the 30 counts on

Col unmbi a bl ood agar plates (CBA), and of 4 of the oral species was noticed.
11 WD 01/91711 PCT/ EPOL/ 06268 When L. lactis NCC2211 was introduced in
the oral str ai Theseocompositiong Tyt be prepared bytcanvéntoorml proctssescomiprising

di m ni shed . C
naesl undi i %ﬂg %%ﬁ@rgclifggﬂ?sf ﬁ?gmélqsiﬁ&ﬂ’éﬁgﬁhﬁﬂgté fé}Qﬁ%é %ﬁﬁ%ﬁ%g@r edse
was even sandifgwcessary,asdjgsting thevplsl te deﬂtl‘@dlvalll@d on the discs before the
~oral bacteria. Table 5 Mdul ation of the oral strains consortium by S.

t her nophi | us NCC1561 (CFU/ disc). A, naeslundii_Treatnment CBA (X
OMZ745M5(x 10 Ackinamsseso waesiundie genospeciess. 2§f0rmﬁrlz' %2n92slzmdul m 2

NCC15611. 6 | | -
e ot % ?iherlg /ﬁﬁﬁscﬁus“)( arezarﬁgléjgL e ’sfrongeﬁ })'qu%e' f&ﬁliﬁﬁé bgzgleﬁﬂ(':%ﬂ% urlﬁg?% i

ue
respect t oalfe‘n‘é)@mb FSO@&ted Iggéogtscanas SIIP§€) 1rbE§r11cuPaB iB W%so‘éﬁr Q& XFRE at ed
i n respect ahdtheyeare bsGeEVE® §0 be tleatmagot adtiolpgidalDagent of this digeasdabl e 6.
I\/bdul ay on of the oral strains consortiumby L. lactis NCC2211 (CFU disc).
A. naesl undi i CBATr eat nent (x 108) OMZ745(x 108) (x10) Control 2. 77 +/- 2.166. 07
+/ - 2.703. 04 +Fhgs,8the NOGARIDIO ab% -provizles3a. BBthed- for el Bovention or the

2.81Pre-i n&ﬁ@ﬁééﬁ’bﬂ&ﬁ%)ﬁ% cé¥ naéslih ?z &Tatéﬁ nfcfidns in: r{%mi"r{alﬁgpﬁ%cular

*NCC2211 ** es are cal cul at e I n respec cont ro
p<0.05; ** degfabphgpe 6Xt§ﬂ@“¢a‘l‘l9é§aﬁlﬁé» eQInBrisiagdhe .swpr@fs&@éing etmamma

" +NCC2211" afcbﬂféd@ﬁmn tontlitin 5.: 1ead@fﬁle%a\,uc bacreria seaup se&ea@dqai- lifsesbifipf toO
verify if theredltl h@ﬁa{‘]’g‘f t strains was ueto 3 ant agoni'sm of
thei daity 19 3dheretQ 38 Y a@btp Ucef STy Hon F‘%teﬁsus OVZ105
and S. thernophilus NCC1536 were al so included in 20 the test since they

are part of thegpbn Nyt (P adhSHNIRIE May Be of at least about 10%-10° cfu /g of

lactic bacteria.

20 The present invention is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention, in
addition to those described herein, will become apparent to those skilled in the
art from the foregoing description. Such modifications are intended to fall within
the scope of the claims. Various publications are cited herein, the disclosures of

25  which are incorporated by reference in their entireties to the extent necessary for
understanding the present invention.

Example 1: in-vitro trials

30 The strains S. thermophilus NCC 1561 (CNCM 1-1985) and L. lactis subsp.
lactis NCC2211 (CNCM 1-1986) (hereinafter L. lactis NCC2211) were
incorporated in vitro in a biofilm mimicking dental plaque in vitro.

The oral strain A. naeslundii genospecies 1 (formerly A. naeslundii)
35 OMZ745 and A. naeslundii genospecies 2 (formerly A. viscosus) OMZ105 were
obtained from the Institute fiir Orale Mikrobiologie und Allgemeine



WO 01/91711 PCT/ EPOL/ 06268 All the four dairy strains inhibited the growh
of the Gcamnegative strain A viscosus OW105. This inhibition cannot be

attri but agloto@elAageti c acid producti on.
| actate only under aerobic conditions (van der Hoeven et al. (
5, 223-225) 5 and it

M cr obi ol .

| maunol .

I's very aciduric.

A. viscosus is abl epa/Erat/adesi ze

1990) Oral
These findings

have been confirmed by plating A viscosus in presence of 1 %lactic acid:

no i nhibit
t| zer mophi

dent al
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trials.
t he associ
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The rats teeth

Table 2. Bacterial strains used and culture conditions applied in the in vitro

dental plaque experiments.

Strain Relevant properties Growth conditions
S. thermophilus NCC1561 S-HA adherent FUM, Belliker; 37 °C
L. lactis subsp. lactis S-HA adherent FUM, M17-lactose;
NCC2211 37 °C
S.sobrinus OMZ176 Cariogenic FUM; 37 °C
S.oralis OMZ607 Plaque forming FUM; 37 °C
A. naeslundii OMZ745 Plaque forming FUM; 37 °C

root caries causative agent

V.dispar OMZA493 Plaque forming FUM; 37 °C
F. nucleatum OMZ596 Plaque forming FUM,; 37 °C

Procedure

- Saliva pellicle formation: cover synthetic hydroxyapatite discs of 10 mm
diameter (HY-APATITE®, Euro-Crystals, Landgraaf, The Netherlands) with 800
ul of human saliva and incubate for 4 h at room temperature under shaking (1
disc/well in a 24 holes sterile Nunclon plate).



10 litters consisting of 4 Osborne-Mendel rats pups each (ani mal production
section of the Institute fur O ale M krobiologie and All genei ne

M kr obi olypgipge17ni versity of Zurich, Zurich, Swtzerl and) pearEPouss2dsi n t he
experinment. Al animls were weighed at the beginning and at the end of the
to experinental period. Wien 13 days old, the dans and the pups were
transferred to screen-bottom stainl ess-steel cages w thout beddi ng and

ot o Bl Aot T Rt oo DR AAI e NC L £ i e
wat er ad | sulbisp.ubactis NCE2R1 ¥ oS phetyénuOME 170 Shordles OME603t Ai Badsiundiy the
ont. 1. GMAMSY- dz@ga%mzagbnarm Fo mudc Pl OOME506 GvBifle 4h8750q0 cups

duri ng nor e Clrca

se reversed
bet ween da@men_@nasia mB FJMaglugose . t Heraophiles pﬁlé‘&al 1 tlheFBMsla@@Sﬁ),day
.on thrae tfl@ ?By ggguuaiﬂlww anagidm.t il df' ébh di@mméﬁal éaageﬁéiog;.fil 17

the begi nni tg ive period rwar d g

15: 00 i . 2% m},9k ejtheihs. FreanenlisoNC QLG Ohhd qeflswaésza qctbhmlbm day
17/18 the Tﬁﬂb@ﬁﬁrﬂgnﬁituié%rﬁﬁhb‘ﬂ@e pieeioedl wesinboalght forward from 15:00 to
12: 00 h, i. e. it was night from 12:00 h - 00:00 h and day from 00:00 h
onwards. Finally on day 18/ 19 the begi nning of the active period was
brought 2S Bildfiint formmariorl andGetaover9: e prooeduiret isvassdescrbed fin Gnggenheim t o

22:00 an a r 9 AN? t he
acti ve{bphaés{eq?ggbéﬁg}aﬁg?tg&} ?%anﬂp%r&%g%ﬁ;&o ﬁa%)%tslg&y hgéﬂé% I§§]Ar) Ki Q
hours ( | O(AdmstracP#38D h) was conpleted. On day 20 the dams were renoved,
and the rats started to be fed ad so libitumwith the nodified diet 2000a

cont ai ni Ng. ¢y PAICH R oAflfsis %ﬁ%&yibjw Wptral /BIaté k.ﬁena. bﬁmbﬁ%acmﬁuﬂa BIBSHr act
SVPRO- PP Ig&%@g? 49 a[;: @56 497 39% o %‘;{ &BI ne

0.1%, %t shegp blgognBegiop: Ri a%qn s S rEERBGR) B e.tﬁtal

(Wi tehal | cdrvakriang fﬁf\théaﬁferénﬂah&‘l\ﬁdf Zerhasthndindndubate thiaplates3at BprcCrig t he
associ agtion pertl) .0d (fda)(é 21 and 22) the drinking water was suppl enent ed
wWith 2 oglﬂtagg%lgﬁa pa) Crose to support the inplantation of the

associ ated bacteria. On day 23 the litters were distributed anong the 3 14
WO 01/91711 PCT/EPOL/ 06268 treatnents, 1 animal per cage, in a progranmed

f eeder nacGrawthntagepism betveees; the onal angsthedairy strainsinaderstudy t he t abl e
10. The test diet consisted of 18 yogurt meals containing the test strains
al ternz i ng wit Htraidsrand|culivre corditiods tsed arg Bsted ke Fakleilous! y descri bed.

s Drinking water was supplied ad libitum Follow ng the swabbing procedure
on day 5 8 the animals were overdosed vvith Thi opental sodium ( 100 ng/ Kg of

body wei e f er| |
comgt oseg atc%le\é Ba@é{iragl%u%l& EIIE&PrsL?H ral gg“?@gtﬂ@ﬁ%f‘%@ v%ida re used.
Tabl e 8 BaP{BPIHPIGAREIC rat wer e used i n th| s study StrainRel evant ro
erties®¥owh conditionsS ther mophil us NCCI561S- HA adherent ~ Belliker;
42CS. thefnophi | us $&@aib36Non- adieRelevans pmopleBties i| k e Grosgtblconditions
NCC2211S- HE, gsbrpiophid RCE@LsSOBe; |37C8-HA adlagdat OVE105PBalliker;f42 PCng, BiHl ;

37CS- HA a("N ézéé??s gibop TEBA AT1 O QT TREHUCAIRACRAE 31T MITIAdbsd 19 oC

associ at i Bﬁf nary study /as one to assess gr owmt pararret els,

especi al | e~foy gui--ed—toreach—the—stati-enary—pha H—the-spegific
condi t i ons St thermephilus NCGLo36 | + |was mopadheient oot Anl | sBE 1[5414 dw thels.
t her nt ophil Ausiagsliuadii OMAT43 h 20 |andpldguelforinimg i s {one f BHIG3% °Cal so a
study of the viability after fredzing of the dairy|strai fgaerctsiopigr f or med by

plating t@_@ sEFOMZ Ygpenst on bef Bfaﬁu@% m£= reezi %Ijl_qﬁ :@jdi ¢ be

assocl ate tHhe—datry-strars reatet—accorarng—to-'t he
foll ow ng procedure. 2s Procedure - Inoculate the strains 1 % overnight in
‘their proper nefi uhbefmephibisgNCELSH1,sS5o0akermopladus NECt h886 Snd o nldchiss

he. opt i m fr%%f%aﬁ? 16ssplipd) weredhef fof AfRuPARRE i TRL R B
“ phase/ begi ONZAF4S andido vasopsh@MZ105 % target strains).
30
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15 WO 01/9171 1 PCT/ EPO1/ 06268 - Determne the final CFLT/m by plating on
M 17-1 actose agar fromtwo randomy chosen batches for each of the 4

strai ns. woqipaig the plates overnight in anaerobiosis. - #eanmtrorfosage t he
cultures fromeach batch at 6000 rpmfor 10 mn and res suspend the pellets
in 150 nl of fresh medium keep overnight at 4C - Centrifuge again and
re-suspend in the freezing nedium ( 15 % glycerol in Belliker or M7). -
Split in aléiwoés in order to have 2x 1011 viable cells/vial, taking into
account theéTPCEMI¢ty | oss due to freezing, and store at -20C until needed.
to Associ at-i@fowfthé kéllemstraihs owetrighthon gat @lates is tanaérabiddie anditheltargwr e

din,3.Lr t Sy (E t ment i sted of 10
that aer e Ay RORER R il alondr§ Bllald 00} CPG STS BT Y o Ot her

t r eat nent s - Diletet2@epl of thectarget dtroimstsasperision in SankokBENB0G3gas (agar 7 g/1)

th i | ' : '

i scosud o eiiEte HQERERE. vOffdnd Bout HRARARILY Y ABHES blate |
21 and 22 wiSclidify forst bsatgopm emmeraiuretthen steak thekiliarrsiraiis figsn dhe M17
associ at ed gkl i (1 ffifh o0 RidREISirBalk e pregIIElt &%aﬁmeima'a@ theStaRlét 89198 day

abl I'Ts of t t est

23. 2 frozen vials, each containing 2x 1°0Ll1 vi e ce
strain, weddong 3&YCPAODO nal of yogurt in order to have at 2s |east 109

CFLT/ m . S. thbebhdtepbBl e NGinkeasbiods fembhbfrsadhering strain, was used as a
negative caoptxol. The yogqurt an | et 2@9 .meal s, of m . and 400 ny
Feapectyeigroviuantiganting s spiaieny b folbRich Rald ardindislf 50380, o
intervals (Table 10). Therefore, 30 each animal received in total 18 nml of
yogurt and Séaasﬁciﬂts powdered diet. 16 WO 01/91711 PCT/ EPO1/ 06268 The

meal s were dI spensed in the food cups of a programed feeder nmachi ne that

aut onat i calDiffesencaschetween te eontralianditpyt qongartiayware determinedbycStudent’s s
Tabl e 10. Eatdtng tines. N of the mealH h curio snit mealsYo urt neal sN of

t he mea}éél

8408384 zgﬁ§ﬁlﬁ§%ﬁé&%%%oggﬁ 208912: 4013: 00101113: 2013: 401213

~1 6: 001 6: 20202116: 4017: 00222317: 2017: 40242518: 0018: 20262718: 401
9: 00282919: 2019:510%0rA8PRDZRICIOBEI32Ad 4024cROBICC2211 could be incorporated

and grown in the plaque-like biofilm on the S-HA discs, and their total CFU/disc
20  after 40.5 h are given in the Table 4.

Table 4. Level of incorporation of the two dairy strains in the biofilm
(CFU/disc). The values are the mean of three experiments with their standard

deviations.

) ) S. thermophilus NCC1561 | L. lactis NCC2211
Method of inoculation 109 x109)
Together with the oral strains | 4.08 +/-1.78 5.76 +/-3.64
Before the oral strains 5.03 +/-2.21 ' 3.87 +/-4.01

25

The effect of incorporating the dairy strains in the biofilm on the oral
species is indicated in the Tables 5 and 6. When S. thermophilus NCC1561 was
included (Table 5), a general decrease of the total flora, that is represented by the

30 counts on Columbia blood agar plates (CBA), and of 4 of the oral species was
noticed.

11



Bacteriolo

gi cal

eval uation 1o Five rats per treatnent were swabbed on day

58. The swab suspensions were either plated on Petri dishes for CFU (col ony

form ng webbpdi17epunts or i mMmobilized on glass slides for ipomBPoi/bée268 escence

for TCN (t
Swab rats'

I mredi ately in 5 m of sterlle NaCl
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M5 and HIL

otal cells nunber)

counts.

teeth with a sterile cotton-tipped stick and place it
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enS| ons

8‘%%%?

15 Procedure for CFU determ nation -

0.910 - Vortex for 1 m n and soni cate

RO 5l affdated i s od oz s
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t Wo- way ANO%’ éecor and an,(xilé)g))t R@.@frorﬁ t hgxcqyyi nupus
associ atiop of the dairy strains by the way]|of a(RdOE)ﬂi | I ed dai ry pr odjict
Strain 1 pepbdl, O 00 e R L R T L5 I L A0 Iee

Vi SCOSUS O\/ENGCl\ﬂﬁn t he dalry l@3odtid.5has suﬁ_ﬂieﬁbrlt.éij W ﬂtﬂlhéOSl

non- adher en Erg‘ln&iﬁ W‘i control (NCC1586). The dairy ptrains coul i not
be count ed m cro ogl cal ae3hedD.3BY° i MuAdrs w3 encd . 4ohay2n, | a
quallitativ $6tion was t¢ npted. The thrée adherent daity strains could

be recogni gedsi ﬂﬁbﬁlu@é ARG SAT ﬁl’srefs &ntd EfeAlIRBa! B <@r63 3+, p'id‘@fv) khgy so

were co-aggregated wth other or al

gener at§ ngV‘HF‘Ef are galculated ig respeet tg dh

fations in

eq‘ﬁ‘éﬁéca?@a

and m)ut

t GRSy

i RFE?cﬁi ‘bu%ﬁo 0L

the total flora (TF). The three treatnments containing the
adherent t4gh&d ' Vidifiation (PRI YilECL3R%rfth by '12CHcHs WEeHH 1
(CFU/disc).

A. naeslundii
Treatment SLBI%S) OMZ745 1(\;{181 0%

(x 105
Control 2.77 +/- 2.16 6.07 +/- 2.70 3.04 +/- 2.88
+Necaz1l 0.65+-033  |4.59 +/-2.81 065 +- 0.3
Pre-incubation with 0.27 +/- 0.11

27 +/-0.11 **¥° | 3 91 +/- 3.29 *°

NCC2211 027+ R

15

20

N = 3. *: p-values are calculated in respect to the control (*: p<0.05; **: p<0.01); °: p-

values are calculated in respect to the “+NCC2211” treatment (°: p<0.05;

; °°: p<0.01).

Some assays were carried out to verify if the reduction of the oral strains
was due to growth antagonism of the dairy strains towards them (Table 7). The
strains A. viscosus OMZ105 and S. thermophilus NCC1536 were also included in
the test since they are part of the in vivo model (example2)
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s5 di splayed significant reduced nunbers of colony formng units on CBA
conpared with the control group containing the non-adherent strain S. is
WO 01/ 91%4d oloi/1EPO1/ 06268 t her nophi | us NCC 1536 (Tabl e 1PpCr/Epbisabgent 2
reduced the CFU counts with a significant factor of PF<0.01 and treatnent 3
even nore significantly (P<0.001 ). - Modul ation of A viscosus OW105
tooth col oni zatiofa by the tested strains. 5 In the case of the plaque

o 08 b2 11 e AR R PRERESAY o RSB Bt

observed fdr tibeosulsr ﬂMZ‘lé)ét nﬂmtss mlubitmml cepnbbeb¢ eattdbutadhéer elactist meidhs

per cent apobi ooy AT Reth 5r bt ‘eabide, beiglk lofg VAR, detBlic |,

io differ em)ndmpps Q)(anrdee Hoesensed abf (1990) MIM@F&?]JMrIanuna‘)loﬁr, 2232 5ent s

ol ony or AR 0 RE {Y“a?l\‘l“lﬁ?"?“%ecﬂ%'&@??ﬁa@ PRt o 1’5&“(@@ YA Bl

thei r r esptpresengseel bt lagte agid: nognhibiom waswbsenez 105% OVZ105TF on
M5Treat nent x 106 on CBA x 106 on CBA x 1041 (NCC1536)41.9 +/- 4132.5 +|-

L3 8717. 3able 17.] CRab2sufhitd “gr3%ROmtsbition 23?5151‘)111%1313 hiftd -NOCTAB10 8! -
1. 90472 *teriophpy® NCCE59 n A L. SadhisNECHNE

xxxxn 00 o SEMD 902 175 6510.33PEQ. 0010 0ln s, n.s-LSD 0. 05%Q 216 69--1SD
0.01**12. 929. 37--LSD 0.001***18. 25--- TrEfdhts FTRARS e conphaedewi t h

t reat nent = Standard efn he SNCY fy 51 ¢ CBA
= Col unbi 4 j?’?édg A ‘hﬁ@ _,g/l ﬁgcji‘s.tlv Pf??ﬁﬁaﬁ NGCRL .Q.b?ffcfﬁ i |
genospeci e 2"“%”3%% 4% | vi vorassaly, tHe strlai ns¥that|were Suppli¢d
daily, di siphavisepsusdOMZAAS hi 1 ory Bffeck onthe tlotal *nicroflora; whaosé CFU
significantly di mnished. This di m nution can be expl ai ned by the growh
ant agoni sm of the dairy strains versus oral species. For instance in vitro,
all of the he non S-HA 19 WO 01191711 PCT/ EPO1/ 06268
adhering s@‘?ﬁmgmﬁé NCC 1536, can inhibit the gromh of A viscosus
OVZ105. However, in vivo such an effect can only be displayed by the S-HA

The 11 1ot 5t ?’ré’%"ﬂ’ SNCC, S 7 oy NPCoL Sl n%'?“ ?%‘?f‘ﬂf@ﬁﬁ% '

vi scosus ORIO usmltrn ekigg-dantal; plagve And wer; 2blp ta guedulatethe Prak guerollaraas
possi bl e abx fldut tﬁél@ﬁh&ﬁ&ﬁbﬁl oPefu, Qﬁid rﬁﬁﬂ:é 1f§t§h¢1lyeﬁ€6§e%fcraiﬁ§ CFU
coul d be cl osel m)nl tore erc nt a&o Vi sg %dé Ml?ﬁ{léﬁn t he
total CF UWAY ? @e aﬁ%l 18“0 {ept L 4y J1aes !the

gr owt h ant gegnospeciesf2.elnt addluoalthe sttfagme agnld inhibsit tho ghewths pE . emeslurelii

Veillo I I g ?IF&] 6”[??5 a global effect which is observed. is
Thus 't gr alﬁﬁgﬁ% %Sﬁgb dé CM 1986 are able to nodul ate the
Example 2: in-vivo trials.

25 An in-vivo study was performed on a rat model. In this study, the
association of the selected strains was continued during the whole experimental
period on a daily basis, by the way of a chilled dairy product feeding.

The study was carried out in 58 days. In order to perform the experiment

30 during the day, the active period of the animals had to be advanced of 7 hours
totally; this was done in three steps on day 16, 17 and 18 as further described in
detail. The cariogenic strains were associated on days 21 and 22, while

. association of the dairy strains started on day 23 and lasted until day 57. The
animals were fed the dairy strains as supplement in a yogurt base that was
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oral mcrobial ecology, significatively decreasing the colonization extent
of A naeslundii genospecies 2, with which the rats had been infected. zo

Exanpl e 3woRaeeugti on and initial analysis of surfactant sdiscmioessfrom

, S. therntophilus NCC1561 and S. thernophilus NCC1536. S. thernophilus
NCC1561 and S. thernophilus NCC1536 were grown overnight in 1 1 of Belliker
at 42 C. For biosurfactant production, the procedure 2s descri bed I n

Busscher et 199 nvi ron. cr 3810- 3817, usscher
et al., y@uﬁeé bk 5&& itk s SroRAEc th Ahe (BrtioR B PeariL et were
Pr ocedure swﬂbsedgemeseﬂdmme@m@eohru@a%,- Resuspend in 200 m _ of_
distilled water or PBS - Produce the biosurfactant by gently stirring the

suspension for 2 or 4 h at roomtenperature 3s - Separate bacteria by
centri f ugatAmimads ahdadiet rpm for 10 min - Centrifuge supernatant tw ce at
10000 rpmfor 10 mn - Freeze-dry and weigh both the pellet and the
surfactant substances solutions. 20 WO 01/91711 PCT/ EPOL/ 06268 The crude
bi osur f act ant sU$&pdittsrs ncamsstingr oif aﬂn@mdeﬁ\ﬂeﬁdﬁ PAISE pupd  taeln Guibmiat t ed

t f
Cortied ouProluiRR SEAR BIE neindlen 60 O:a1C WikibidTacde ah A %ﬂﬁ
Silver st aMitkigb %lﬁeﬂf&y%ﬂ}'v@ﬁ tZ‘%l'Ffé'l qugéhe SSYMFé]aHQD aVereh ased tin

(Arer sham Rraérfimehe Blloififils wreGesk hedfarmé%égaﬁﬁngeﬁ&l QP (RE2pH SfRRL The

HIE SEnE K v A W O
on the dropo goteenEbqitom Gtaihless-Beebthyes withowebeddingomsd sibarithed hateiewt s
determ e el AAVRISH YT ) NGB RAERUD s Shsbl el B b
t ensi on { aNo.vii¥ds NABA(e Gassaa Sy ISwisee rldh anbtapevater od. lilgtum \The agtive
2~raP wher Phaddorifty m&hﬁw ﬂ&iseézft%’ﬂﬂhng‘iﬁé night; i. ¥. 18:00he odigpp vol ume - G
st he acc e atﬂl %?dgrotrclasal?ow refilling of the food cups during normal working hours,
the circadian biorhythm was stepwise reversed between days 16 and 18 by
advancing the active phase of the rats each day on three occasions by adjusting
the automatic light controls.
On day 16/17 the beginning of the active period was brought forward from
20  18:00 h to 15:00 i. .e. it was night from 15:00 — 03:00 and it was day onwards.
. On day 17/18 the beginning of the active period was brought forward from 15:00
to 12:00 h, i. e. it was night from 12:00 h — 00:00 h and day from 00:00 h
onwards.
Finally on day 18/19 the beginning of the active period was brought
25  forward from 12:00 to 10:00 i. e. it was night from 10:00 h to 22:00 h and day
from 22:00 h onwards.
Therefore by day 19 the shift of the active phase for the rats from the
hours of darkness to normal working hours (10:00 — 22:00 h) was completed.
On day 20 the dams were removed, and the rats started to be fed ad
30  libitum with the modified diet 2000a containing 40% sucrose, 28% substitute for
skim milk (soya protein extract SVPRO-PP 1611 39.4%, lactose 49.3%, 0.6%, L-
Methionine 0.3%, L-Lysine HC1 0.1%), 24% wheat flour, 5% brewer’s yeast, 2%
Gevral® Instant Protein (Whitehall-Robins SA, 6301 Zug, Switzerland) and 1%
NaCl.
35 During the association period (days 21 and 22) the drinking water was
supplemented with 2% glucose and 2% sucrose to support the implantation of the
associated bacteria. On day 23 the litters were distributed among the 3
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- ~pis the difference of the densities of both adjacent phases - F is the
correction factor 2s - reap 1S the radius of the capillary The neasurenents
wer e donewiogvi@uphi cate at 37 C agai nst air. Each neasur engsdr/emimesgged of
10 cycles. A solution of 6 ng/m of crude product rel eased, nade the water
surface tension decrease from70 to 51 nVm (Table 30 13). SDS-PAGE profile
of the bacteria rel eased products, showed that there were nmany different
subst ances, of, prot el naceqgus nat<ire in_the solution. 21 ..\WO 0 1711

pCr EPOL o ouahel: & A her Fiae: ol piotuRfill Kl dnshith ol pegn to
suspensi ongecebveptree test dietaa indicate@B5. thehtableall 0e Ther st déctnemmsistéd tofol 8
_experi nment LSt eNeRL S e pxtractourface
onsi oncontRibeIR BRI P %8 bty ARFTHEERMSI 8 HeliF oftld Attt

t her nophi | diet Q0008 previoyslyidescrbed:/ - 0. 17S. t her mophi | us NCC15366 ‘'m

/mSl. 67 +/- 1. 39:5:RES . elggﬁ i 5An6 1FaGwihe rr@&@i]-
NCC1536 cel |'s arﬁg“g%ﬁ% t\;{(})a-[glstvgﬁ%]é sigasu stances'_va?lfl]éj‘gﬁlﬁjrggct_an l"&?
activity. Drocedurenheneday 88 dbe singnalst were oyerdosed pyith Iiiepentak sedivau €0 by

S. ther mophid/Ky HWBIBPWeiBes TiveiEb detfpetitbcab hibcAos ahiieRhpRitea wh
strains esta/ﬁgshed cl ose tO%It defachg?romthe tjooth surfacef.mBy con?r}ast,
this acti ofPW@HASE not be displayed by S. thernophilus NCC 1536, since this
strain does not adhere to the teeth. 15 Exanple 4: TOOTHPASTE Toot hpaste is

d by adding 105 £f ulml. of. at, | i the kactic bacteria strai
e 1 8 g BadRpinfeainga Ene s iR sy A TaB® Fers W2 20° yopni 11 ced

form to the following mxture containing: 1.65% Cetyl pyridiniumchloride,

33. 0% Sor bi 9 | )0 9 { Ny % Sodi um car boxynet hyl

cel | ul ose, %%%&%%%%ﬁ%%%lﬁl g@eg%ﬁggg@ﬁhﬂ%%ﬁ P 93), 8.1 % Thi ckening
Silica (Sident 22). 0.5% Sodium saccharine, 3.2% Pol oxamer (Platonic F108).
25 This t)g&ﬁﬂﬂste I's intended Rrelfwﬁlt rga@yh@g(i S or tbﬁ'ﬂWﬁWﬁoﬂé oot

caries, dentar prague and_other | T ect TUms TTouced by - ITgest umorT
speci es. [Prafigreog! ilyeNERISeD ESHAradherentur o medi uri hBellkes 425G ed fok 15

mn at 121 SGrahophelns NOCU536 e Noint ddtterticontloyme of RBeHilterv42qul t ur e of

at least bpe; ol Nec11 VO OV PIHA adnerent M17-lactose; 37°C
A. viscosus OMZ105 Plaque forming,
BHI; 37°C
S-HA adherent 37

15 Preparation of the tested LAB strains for the association,

A preliminary study was done to assess the growth parameters, especially
the hours required to reach the stationary phase in the specific conditions further
described. It was therefore established to grow the S. thermophilus strains for 7 h

20 and the L. lactis one for 6 h. Also a study of the viability after freezing of the
dairy strains was performed by plating the same cell suspension before and after
freezing. In order to be associated to the animals, the dairy strains were treated
according to the following procedure.

25  Procedure
- Inoculate the strains 1% overnight in their proper medinm from a glycerol
stock
- Inoculate them 5% from this culture into 10 batches of 4 liters of their proper
medium pre-heated at the optimal growth temperature, and grow them until the
30 end of the log phase/beginning stationary phase
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PCT/ EP01106268 S.thenrcophilus strain CNCM |-1984, CNCM | -1985 cont ai ni ng
approximately 109 cfu/m . After incubation for 8 h at 41 C, a starter

cont ai ni RYo410174P8 cfu/mM .~s obtained. 5 1 reconstitutedpghvErredess | K
having a dry matter content of 10% 10 s which 0. 1% yeast extract has been
added, are sterilised for 15 mn at 121C and inocul ated with 2% of an
active culture of comercial thickening Streptococcus thernophilus

cont ai ni ng approxi pate 0 s/ . After inc ion for 4 h,:.at 41 C
SOt ar ter corBkenmng id fod LUy, Dl cRodT HIEtasE et el Ve |k
cont ai ni ngr&db%l!édplﬁ)saﬁ bandics foe davh off tRe d0sttainss Khovigdlte the plaesdaiensight t hen
pasteurised for mn at 90C is then inoculated with 2% by vol une of the

‘starter of MhEP4EAUOSEhe of the strains CNCM I-1984, CNCM I-1985 and 3% by
vol une of theCentaiftige thé dubtucds fitomy edichepatok catc60Q0 trhar dfopHiQl nEin T re-

i | at ed i)k i i : ' . ' fo h .
008 % oS P 1L e s BB hosbalag et ° 0 o L C
for the -heal tGemtfifuge again And Heesuspends in chereazigUmedivn (h3% glycuol for

preventing &R root caxies, dental plaque nr other
A. naesl undlB%!]%lEeE{ gjt?e Iig)eseases can be prepgfed adding an active cul ture of

at | east one WhikiRcliguats ybppdarrp havesix ) n viste cellyyl, talsgis antor agpouss
that it Com@vﬂasilﬁguéwﬁeatoefmezlﬁ , 4Rl StBf &f1008C umiltikedéal | owi ng typi cal
ingredients: 67.5 2s % Xylitol, 20 % Gum base, 5 % Cal ci um carbonate, 3 %
Aycerih, 2 % Pluronic F127, 1 % Cel | ul ose gum 0.5 % Bal ast conpounds and
1 % FI avor Askseiation of themhihidIDwithEiSbactekialstrainet food for nouth health
is obtained by preparing a feed m xture marle up of corn, corn gluten
chicken and fish neal, salts, vitamns and mnerals. The feed m xture is
fed into a precdhei anignals wext apasgedhdn. 3 Treatmentst €haklef @ dEackntreagment
precondi ti ol L ; and gel atinise3. The
gel ati ni segaﬁn%§%?ﬁpg£q%hthﬂg&£§?}sﬁg§@?Sﬁ1:1 rcleégé?'hrough a die and
extrud®. 3s The extrudate is cut into pieces suitable for feeding to dogs,
dried at aboullabl®$. Aeranpement 80 the Gbiidsents)d cool ed to form pellets which
have a water activity ~ if about 0.6. 23 WO 01/91711 PCT/ EPOL/ 06268 The

pel | et s ar e~sprayed—w-th-3—coatiRg—-xt-tes—Each—coati-hg—m-xture—~contai ns
active cul tiUT'eeatima@it | pAssociatedbacteeiaS. t her nophi | us strains CNCM | 19§84,
CNCM | - 198 ut one coptyn X S¢h t t as a codting
substrate,aoﬁe coati ng %-Q?ﬁégé“&gm é‘?‘ %lg;rggé@zlfs?ﬂ S js rate and qne s
coating mxt2re uses pf4t elsaosisf@MZIR5;sS. therrmaphilygd¥eEd661 The pel | etls
contain app{g)xi mat el y Eégéfv;sgogig%gjzms;qf_ aekaNeicmins. 24 WO 01/917411
Cl ai s PCTI : of—tactrcbacterra strarrttatrTs——
exogenous to the oral mcroffora, which has been selected for its ability
to adhere to theslpahbi fite wérel Figst! Bifbbiedndn Sddy8 1 O O wHRWAD viiflpish t i on
fact or2 for l\t{#ei Sr eparation of a conposition intended for reducing dental

pl aque %mdq P eating or preventing root caries and other diseases
related to Actinomyces naeslundii in manmal s.

The tested LAB strains were associated daily (since contained in the
yogurt base meal), starting on day 23. 2 frozen vials, each containing 2x10"
viable cells of the test strain, were mixed in 200 ml of yogurt in order to have at

25  least 10° CFU/ml. S. thermophilus NCC1536, a non S-HA adhering strain, was
used as a negative control.

The yogurt and diet 2000a meals, of 1 ml and 400 mg respectively, were

offered alternatively 18 times per day at 20-min intervals (Table 10). Therefore,
30 each animal received in total 18 ml of yogurt and 7.2 g of powdered diet.
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2. The use according to claim1, wherein the lactic bacteria strain is from
daily i o origin. 3. The use according to clains 1 or 2, wherein the lactic
bacteri awdopabiyii S sel ected fiomthe group consisting of BUTEHPIOOREEUS

t her nophi | us, Lactococcus |actic subsp. lactic, and Lactococcus lactic
subsp, lactic biovar i5 diacetylactis. 4. The use according to one of
claims 1 to 3, wherein the lactic bacteria strain is selected fromthe
group consisting,of the strains CNCM I -198 ICM 1 1985, CNCM | - 1986,, CNCM
2667720 5. THbS meAl Hsrh ASpeeuin S dpadbs 0f % Proapunad, Freder
conposi t i omachiren thedi dutematicaldy i dffered conthei sninmlahefrightt mneeal quaheidéxacof

| actic bachﬁgga for reducing dental plaque and/or for treating or
preventing 0t caries and other diseases related to Actinomyces naesl undi
in mammals. 25 6. The use according one of clains 1 to 5, wherein the

conposition i :east 104-109 cfu /g of the lactic bacteria strain.
7. The guse g%?g%g?'%at?ﬁcfgﬁgﬁbf clains 1 to 6, wherein the lactic bacteria

strain is_so_conbjned a_bacteriocin. 8 A conposition for naintaining
t he heal t h NS oft fhee mreal h [Higlecardiogenichneals! aniYagiure mels Ac (N hoftise meal
naesl undi {"Tn mgmmal s, [sard congpgyg ' on contfai ni ng.7y 1 eaqst oné Jactic
bacteri a Etrain that |s exogen 554 o the orjfal 351 ,'d:roflora, whj ch has
been sel egt ed fgr its pbility t% 'aztg'\ere t he pelliél' of tlhe teeth and t¢
produce a growtﬁ i nhi bf tion factdrl 25 sussT TUTEL ET (JRULE 2 WO
01/91711 L’CT/ EP@1/ 06268 9. A coddd¥) tion for| mai As2Ging the hedith of {he

nmout h by feduci ®9g the ¢ol oni zat 1@mf Acti ugmyced3m@®es! undii i niganmal s
sai d conppsitiopjconprises - a haejgc bacterfa stjgaq whijch hasibeen
selected for it 3abili y to adh 4&g © S t he pellilgl.fgof the teeth and t
produce a groth i nhibftion fac 2? and - a |pact ,rﬁt&fi n. |10. Ai nposi tfon
r
549

=4

accordi ng|to cl ?ns 8 br 9, co f‘EQng at | actifc bactelia strain
sel ected {xom t h& group consi st lAZbf Streptlococ o t her mophilBus,

Lact ococcyis | aci9s subgp. |acti dp:(¥hd Lact ococcud6t2rti s |sa: bsp20l actic
bi ovar di dcetyl agtis. (1. A conmuesg i on accordi n@d7t@) one jof cl apas 8 tojf10,

conprising at gyst ong lactic Ragjgeria strajin sqlkegded firom t hegqgroup

I

consi sting of t stralns CNCM i;g.d+ 1984, CM | -l : CM | - 1936, CNCM
1-1987. 12. A c osit{on accor |§:nd0to one cl alliS?r‘%i?B tag | |, %grrpri Si N9
at | east 104-109’cfu /B of the L&A c bacterfa stiP¥h. 20 13. A2Rethod {or
the prevehtion 8 the {reatnent 1820cti nonycles nd@4#Qndi il el at ed0di seases
in mamual §, conPBtising|the step20f0d eedi ng mam28:2G confposi ti 82
containing at |gast ong lactic baegeeria strain sejegged flor its3gbility|to
adhere to THE TOOK suUrrace and TO0 produce a growmn rnhibition tactor.

Bacteriological evaluation

10 Five rats per treatment were swabbed on day 58. The swab suspensions
were either plated on Petri dishes for CFU (colony forming units) counts or
immobilized on glass slides for immunofluorescence for TCN (total celis
number) counts.

15  Procedure for CFU determination
- Swab rats’ teeth with a sterile cotton-tipped stick and place it immediately in
5 ml of sterile NaCl 0.9%
- Vortex for 1 min and sonicate for 5 s at 50 W
- Spirally plate the properly diluted suspensions on CBA, MS and HJL agar
20 - Incubate CBA and MS plates at 37 °C and HIL plates at 45 °C.

Procedure for TCN determination
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25 14. A nmethod according to claim 13, for reducing dental plaque and
treating ox preventing root caries in mamuals. 26 .Af . AY9 . AFL . A3;
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@L.A 9r.A9r. A9 . AL .AL.AYLr23J\B" ,;RTnz
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. MB109%& ()aﬁ%@ﬂ@deﬁ@ pEdnounced but more significant decrease in the number of

colony forming units was observed for the three treatments containing the tested
adherent strains with respect to treatment 1 (Pp<0.01) (Table 11). By contrast the
percentages of A. viscosus on the total CFU counts were not significantly

10 different. Approximately 50% of the total CFU for all four treatments were
identified as A. viscosus colonies.

Table 11. Mean values per rat of colony forming units for the total flora (TF) and
A. viscosus OMZ105 and their respective percentages (N = 5).
15

20

Treatment | TFORCBA | OMZ105 | % OMZ105 | TFonMs
¢ x 10° on CBAx10° | onCBA x 10°
L NCCIS38) | 3 5 1/-13.87 | 17.3 4~ 11.01 | 52.8 +/- 23.09 41'9;: -4
2 (NCC1561) | 17.6 +/-6.57 | 8.0+/-196 | 47.2+-937 | 5.6+/-3.8
*k ** 1.S. 1.S.
3 (NCC2211) | 139 +/-485 | 58+/-2.07 |434+-18.16| 1.7+/-1.11
ok ok n.s. n.S.
SEM 2.99 2.17 5.65 10.33
Pr 0.001 0.01 n.s. n.s.
LSD 0.05* 9.21 6.69 ] -
LSD 0.01%* 12.92 0.37 - ]
LSD 0.001 %+ 18.25 - ] !

Treatments 2-3 were compared with treatment 1. SEM = standard error of the mean; n.s.
= not significant. CBA = Columbia Blood Agar; MS = Mitis-salivarius agar. OMZ105:
A. naeslundii genospecies 2.

In this in vivo assay, the strains that were supplied daily, displayed clear
inhibitory effect on the total microflora, whose CFU significantly diminished.
This diminution can be explained by the growth antagonism of the dairy strains
versus oral species. For instance in vitro, all of them, including the non S-HA
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- Resuspend in 200 ml of distilled water or PBS
- Produce the biosurfactant by gently stirring the suspension for 2 or 4 h at
room temperature
35 - Separate bacteria by centrifugation at 10000 rpm for 10 min

- Centrifuge supernatant twice at 10000 rpm for 10 min
- Freeze-dry and weigh both the pellet and the surfactant substances solutions.
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water and PBS. The values are the mean of two experiments, each one consisting

of ten measurements.
Crude extract Surface tension
concentration (mN/m)
Water - 69.07 +/- 0.01
PBS - 68.13 +/- 0.30
S. thermophilus NCC1561 6 mg/ml 51.47+/-0.17
S. thermophilus NCC1536 6 mg/ml 51.67+/-1.32
5
RESULT

, S. thermophilus NCC1561 and S. thermophilus NCC1536 cells are able to
.10 release substances with a surfactant activity. It is therefore possible that the
" biosurfactant produced by S. thermophilus NCC1561 makes the bacterium itself
and the other oral strains established close to it detach from the tooth surface. By
contrast, this action would not be displayed by S. thermophilus NCC1536, since
this strain does not adhere to the teeth.
15
Example 4: TOOTHPASTE

Toothpaste is prepared by adding 10° cfu/ml of at least one of the lactic

bacteria strain CNCM I-1984, CNCM I-1985, CNCM 1-1986, CNCM I-1987 in a

20  lyophilised form, to the following mixture containing: 1.65% Cetyl pyridinium
chloride, 33.0% Sorbitol (70% soln), 25.0% Glycerin, 2.0% Sodium
carboxymethyl cellulose, 0.25% Sodium fluoride, 26.3% Silica (RP 93), 8.1%
Thickening Silica (Sident 22), 0.5% Sodium saccharine, 3.2% Poloxamer

(Pluronic F108).
25
This toothpaste is intended for the prophylaxis or the treatment of root
caries, dental plaque and other infections induced by A.naeslundii species.
Example 5: YOGHURT
30

5 1 MRS culture medium are sterilised for 15 min at 121°C and then
inoculated with 5% by volume of an active culture of at least one of the
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10” cfu/ml. After incubation for 8 h at 41°C, a starter containing 4.5.10° cfu/ml is
obtained.
5 I reconstituted skimmed milk having a dry matter content of 10%, 1o
5 which 0.1% yeast extract has been added, are sterilised for 15 min at 121°C and
inoculated with 2% of an active culture of commercial thickening Streptococcuis
thermophilus containing approximately 10° cells/ml. After incubation for 4 h at
41°C, a starter containing 4.5.10® cells/ml is obtained.
One batch of whole milk containing 3.7% fats strengthened with 2.5%
10  skimmed milk powder and then pasteurised for 30 min at 90°C is then inoculated
with 2% by volume of the starter of at least one of the strains CNCM 1-1984,
CNCM I-1985 and 3% by volume of the starter of thickening Streptococcus
thermophilus. The inoculated milk is stirred, poured into pots and incubated for 4
h at41°C.
15
The yoghurt obtained has a good firm and smooth texture and is intended
for the health of the mouth.

Example 6: CHEWING GUM
20
A chewing gum for preventing or treating root caries, dental plaque or
other A.naeslundii-related deseases can be prepared adding an active culture of at
least one of the S.thermophilus strain CNCM 1-1984, CNCM I-1985 so that it
contains approximately 10* to 10° cfu/g, to the following typical ingredients: 67.5
25 % Xylitol, 20 % Gum base, 5 % Calcium carbonate, 3 % Glycerin, 2 % Pluronic
F127, 1 % Cellulose gum, 0.5 % Balast compounds and 1 % Flavor.

Example 7: PET FOOD COMPOSITION

30 A pet food for mouth health is obtained by preparing a feed mixture macle
up of corn, corn gluten chicken and fish meal, salts, vitamins and minerals. The
feed mixture is fed into a preconditioner and moistened. The moistened feed
leaving the preconditioner is then fed into an extruder-cooker and gelatinised.
The gelatinised matrix leaving the extruder is forced through a die and extruded.

35  The extrudate is cut into pieces suitable for feeding to dogs, dried at about 110°C
for about 20 minutes and cooled to form pellets which have a water activity »f
about 0.6.
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6. The use according one of claims 1 to 5, wherein the composition contains at
least 10*-10° cfu /g of the lactic bacteria strain.

7. The use according to one of claims 1 to 6, wherein the lactic bacteria strain is
30 combined with a bacteriocin.

8. A composition for maintaining the health of the mouth by reducing the
colonization of Actinomyces naeslundii in mammals, said composition
containing at least one lactic bacteria strain that is exogenous to the oral

35 microflora, which has been selected for its ability to adhere the pellicle of the
teeth and to produce a growth inhibition factor.
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11. A composition according to one of claims 8 to 10, comprising at least one
lactic bacteria strain selected from the group consisting of the strains CNCM
15 1-1984, CNCM 1-1985, CNCM 1-1986, CNCM I-1987.

12. A composition according to one of claims 8 to 11, comprising at least 10*-10°
cfu /g of the lactic bacteria strain.

20 13.A method for the prevention or the treatment of Actinomyces naeslundii-
o related diseases in mammals, comprising the step of feeding a mammal a
composition containing at least one lactic bacteria strain selected for its

ability to adhere to the tooh surface and to produce a growth inhibition factor.

25  14.A method according to claim 13, for reducing dental plaque and treating or
preventing root caries in mammals.
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