Prevention and Treatnent of Rotavirus Diarrhoea 5 Field of the Invention
This invention relates to the prevention and treatnent of rotavirus

di ar r hoeayoparwdsgsizarly in infants and small children. p@TB®ekgnessnd of the
I nvention Diarrhoeal diseases remain a ngjor global threat to survival for
infants and children and infection with rotavirus is the predon nant cause
of severe, de-hydrating gastroenteritis in this population in both

devel opi ng and industrialised countries. In 15 the Wstern world, the cost
of managenent of rotavirus infection, which has been estimted at over $1
billion per annumin the US alone, is a mgjor drain on increasingly
burdened heal t hcare budgets. The recent devel opnment of two new rotavirus
vacci nes of f@feyehfipf and Tr&Matertlof RotahfiIegDiverh@Gei ne becones avail abl e,
its use may be limted by financial constraints in devel oping countries.
Moreover, 20 its efficacy in children with nmalnutrition and associ at ed

i nmuno-deficiencies i s questionable. In the |last few decades, the use of
probioti & bddeldetthedaventiond consi derabl e attention as a safe and
accessible formof treatnent for gastrointestinal diseases. 25 Bacteria

t hat have been enpl oyed for intervention in cases of diarrhoea of viral
origin bel ongi§ Gn{&RideNEARSs LECHRDPFdehtsn aail Blehit@Rast @6tabiFus Mirhoea,

t herapeutic capacity of certain probiotic bacteria agalnst gastroenteritis
of rotaviralpaotigidarty e fheeand siggéshedicho be due to their ability to
stabilise and reinforce the nucosal barrier, production of antim crobial
subst ances and stinulation of the |ocal antigen- -2- specific and
non-specj fi ¢, i ne re nses. Significant differences have al so been noted
With redﬁrdﬁﬁﬂgﬁﬁguﬁgfigﬁéE%ﬂ%@g"%ﬂd node of action of different strains.
For exanple, in the early 1990's, Saavedra et al observed that

adm nistration of a 5 conbination of Bifidobacteriumlactis and

St r ept ococcuiatiheeaiaiidvabessrenrdiue @thjbhglobalctheen tesaiivdil & intees antichitdrayi r us
shedding in 29 children foll owed over 18 nonths in a chronic care ward in a
US hospital aad osdegmmesvith rotazius s |the rredgivingint cavse o€ cssivers, adeyhyshrabingt i ¢

(Saavedra et al, The.lLancet 344, .1046; 1994). However., .| ess.clear results
have been olHPATTRHCHTS B e P4 1&310}9@%9%19%5&@5&1@%“ sltﬁeﬁ&Pu%@zlgﬁrp:[%, a
preventign ' F i [0 1 RG] e or
Gur at o Sor Y Ay g Ri E RN G s SRR R RERERSE s M 55
More recent lggtimd@QLAL @des sdebitlidD@er thauhestthe 198 AdneXEeNshy6r TeaifesHh Ng
of 260 different bacterial strains of which only 4 were shown'to
essenti al | y inedeadingly burdened healthcare budgets. The recent development of two new
rotavirus vaccines offers hope but, even if an effective vaccine becomes available,
its use may be limited by financial constraints in developing countries. Moreover,

20 its efficacy in children with malnutrition and associated immuno-deficiencies is

questionable.

In the last few decades, the use of probiotic bacteria has gained considerable
attention as a safe and accessible form of treatment for gastrointestinal diseases.
25 Bacteria that have been employed for intervention in cases of diarrhoea of viral
origin belong to the genera Lactobacillus and Bifidobacterium. The therapeutic
capacity of certain probiotic bacteria against gastroenteritis of rotaviral origin has
been suggested to be due to their ability to stabilise and reinforce the mucosal

barrier, production of antimicrobial substances and stimulation of the local antigen-



15 replication of rotavirus. Al of the four strains were found to bel ong
to the species B. |ongumor B adol escentis fromwhich the inventors

concl udedwbhato/dshsse species are particularly effectivepicmmpb@ops®yenti on
and treatment of rotavirus diarrhoea. A specific strain of B adol escenti s,
B adol escentis CNCM 1-2168 is particularl’y highlighted for its ability to
prevent infection of human cells by rotaviruses. This 20strain, however, is
stated to have been isolated fromadult faeces rendering it |ess suitable
for inclusi ki I e TMeNal=TeR ipf a ; } it
may be seenq?ﬁg?c%ﬁgggﬂﬁﬁﬁggﬁg a neé%%@gkeéug 3?”8?%@?%%?%%%affﬁgg?%%%tive
anti - r ot avi rissedwith\tegard an thendtfehivanes aud haddeeoffaetion BE diffigeat stainsi nt 0 25
products for consunption by infants and young children. Sumrmary of the

I nvention -3- The present inventors have surprisingly found that, contrary
to what had previously been th I,.anti-rotayirus activity.of probiotic
5111 dobact et Sxamingetu e ering Yo SER bR OhaLarerua bl pidiareftioRoe s
speci es. Mor i £ nre j r Y i r a
ot cai dr SoPRRs G pltiorhORrBRERER: ahd SHRpRESecIR Feh i E t e O
mlk , B. DbrigyidefNCW Hid80ka aifd Rbtabirys shé®hihg V8 29 chil@reRr AVRRIIOBVENH]
treatnment of rotavirus diarrhoea, retaining such activity even when in a

non-r epl i catthoigths an mchronic Aswowatidnigl ay US Inospithl asscorapged twitlt Aé cpilésanyho

i nvention provides Blfldobacteruunygégye 10 Cng 1-3865. In a second
aspect, the B RYUnteRHEeALY dFOPIME Heavadidosbedi tilsnlansatapte 168#0:42¥% n
the preventign or tyeatpent_ o ot avi rus, di ar.r-ho CONpri si ng,. .

B {1 Gobact ertam i7elSS eRan et s 8YE el Boeh il AT Rl (il Bipdausteria

I nventi ofy Prigy éi%ﬁqé}lé‘,ea Ei&/eﬁfio@'sfdd?roﬁ COR F%ﬁcﬁr&l‘fﬁréﬁ\@.\dv@ecﬁﬁgﬁécfbag@%

' a
manuf acture of a nedicanent or therapeutic nutritional conposition for the
prevention ancideeat orehiratodn ofodiarnhoess( Thilbaulthwied. ] P&l Gasteo Notrr3o) 1432604). t he
present invention provides a nethod of prevention or treatnent of rotavirus

di arrhoea conprising adm nistering to an infant or young child in need
t hereof a therapeuti t, of Bl fi dobacterium breve CNCM 1-3865. IS
cnonn i hat - erd by, AR Pl R AR Sl o R o ali2od
b t- 25 f i 2 : i t he: it
ot o ot cr et ARl S8 of nflichCBHE, MR TREWAS ) RSty fifhibi

speci es whereplscdtionrofiratdvadsi MIRof thehfdve sHBine waaephiex 1 ol af the sPie&ibs
Bi fi dobacteria, Bacteroides, Costridia and Streptococci all usually

present. |t hddngperor Bodheensetonhahidebauseciiowsasnciddd ithdtdhess spaditer ed
j ians. than fornmula-fed, -4- infants, .t

fewer diarrhoeal jnfectian he.
Bi fi dobact er%r%lpa%ul?é te%%wsapéb%pmg{m% ﬁﬂ%ﬁreatnﬁ%[ﬁémawuéﬁfweagé nst

rotavirus i A o) (I r 1e I

Cont er s for BrabbeRraf T YP o Bug R R BBl STC RN 2 Py &Y plifeutiRty
breast - fed ififAndtted Wi &y g6ilifyeurprevest MRGEDNQSS IPhaY tEIUSby fotaethRES THan
formula-fed infants 5 (G ass ‘et al, Acta Paediatr. Scand.” 75, 713 - 718;

1986) . Thus,strapi, dewerkngs cttedat havdobeeemsblasadpfront adulpfaces rénderiag fiekstss of

Bi fi dobacteria in general against rotavirus diarrhoea. The present

i nvent or s havEablefehdiciustadinapiodagtidesiggrd 4ot inf¥vi r us activity is found
in several nmenbers of the genus Bifidobacterium it is not a

speci es-specific characteristic. This suggests that the genes nediating the

From the foregoing, it may be seen that there remains a need for further probiotics
with effective anti-rotavirus activity and which are suitable for incorporation into

25 products for consumption by infants and young children.

Summary of the Invention



10 anti-rotavirus properties cannot belong to the shared core genone part
of the species although no nechanismfor the observed effects has yet been
el uci dat estlo 2Bro/@d73Descri pti on of the Drawi ngs 15 Fi gur e ptTmpPomane®7t he
extent of diarrhoea synptons over tine in, four groups of mce infected with
siman rotavirus and receiving different Pprobiotic interventions; Fi gure
2 conpares the extent of diarrhoea synptons over tine in three groups of
mce infected with siman rotavirus and receiving interventions with the
sanme 20 probpptie.ddn: : 5 t i =Eidpg i on
o the. 1 hverteoheraT A ES LR, SREAPERY LSRG, Loy Zplt Al REaIY

fol I owi ng nemennysught2antiirohaitts aceans of prbbiodc BidEvbdderiade nof sddetiing hs;
-5- Quwehand A. Benno Y. et al "Probiotics: how should they be defined"
Trends Food tBati camméehpradictadan: tlg badis 1d) speciasundMetsi bpecifsdlys the qhigdent

oot PSS, R L0 PP aBESERE EPPUREL P
ey be 24 S SR L Al RN NS R St

adm ni st er edh@prévenpioanndAlrtghitat iofabiavitut dIRYh&R, ¢onMeRs SNEN Yicadny Riveh er ed
inan infant fornula, a followon fornula or a growwng up mlk in an anpunt

equi val ent twhdeinveesm-ipd8atamngfotoel12 cfu/g (dry wei ght basis), nore
preferably between 10e7 and 10el2 cfu/g. The expression "anount equival ent
to" includes the possibilities that the bacteria are live, non-replicating

'n other wore o R LR gRar Ty atHE oy SRl RAvplBempiihE ™ =

col ony f@rmamgcakilsigky. of that quantity of bacteria as if all the bacteria
were |live irrespective of whether they are, in fact, live, non-replicating
or dead, fragnented or a mxture of any or all of these states. 20 An
infant forrmula according to the present invention may contain a protein
source in arnaningand gspasbitherprasctiamentian provolek Gatompasifay sntapleitog use i, 0
g/ 100kcal . The type of praotein is pot belieyed to be criticg. t he.

o ssent i nvart ik Uaew: Bbdicares A Hhiakia - Fehf enaRrsineo it trum
am no acid Pm g met and satisfactory growh is ensured although
it is pref 6@5\9 te at 01\8/%8?5550% by wei ght of the protein source is whey.
Thus, priatein sources based on whey, casein and m xtures thereof may be
used as well as protein sources based on soy. As far as whey proteins are
concer ned, tlhea priust aspecs dbe peesamtyinyentiers prbvadesaibic disaldyBifido sesertiumilayveor

m xtures the y include al pha- 30 | actal bum n and . "
bet a- | act og|@§§N ik t eemawﬁﬁ § 1%nd MPUCHERt o (herageutic nutritional

composition for the prevention or treatment of rotavirus diarrhoea.

20 In a fourth aspect, the present invention provides a method of prevention or
treatment of rotavirus diarrhoea comprising administering to an infant or young

child in need thereof a therapeutic amount of Bifidobacterium breve CNCM 1-3865.

It is known that the intestinal microbiota of healthy, vaginally-delivered, breast-
25 fed infants of age 2 to 4 weeks which may be taken as the optimum microbiota
for this age group is dominated by Bifidobacteria species whereas formula-fed
infants have more complex microbiota, with Bifidobacteria, Bacteroides,
Clostridia and Streptococci all usually present. It had been hypothesised that

because breast-fed infants suffered fewer diarrhoeal infections than formula-fed



The proteins may be intact or hydrolysed or a mxture of intact and
hydr ol ysed proteins. It nay be desirable to supply partially hydrol ysed

pr ot ei ns Wwoegroagowlh hydrol ysis between 2 and 20%, for examph@ofoeso77 nfants
believed to be at risk of 5 devel oping 09@5' mlk allergy. If hydrolysed
proteins are required, the hydrolysis process nmay be carried out as desired
and as is known in the art. For exanple, a whey protein hydrol ysate may be
prepared by enzymatically hydrolysing the whey fraction in one or nore
steps. 1f 1 Nereunt ARl AbSEYoRtink AL AbId AN IT! Gifel ol roRkSE el | Y

| actose free, 1t i ound that the protein 10 suffers nuc ess lysine

bl ockage durdgatnst hetakitds dhfestion pridoasser, higianabkwdidsheomixt et bpfthé Y8 ne
bl ockage to be reduced from about 15% by weight of total |lysine to |ess

t han about XOontesp iesilgiscasst Coggphan Bapglageslimslic ngbslgmonssrpie that drcaspifed

| ysine which greatly. i oves the nutritianal. quality of the protei
sour ce. 15 TG PEreHoiemsr Ansiayeeat Iy I e iRny e fepupBeted dpfhnts
car bohydr.at rce ' | e r e.s : :
2ot oo, eadChabodd PR DREERR, Stabd T 1 AR IP s B T BRI Rgisals e
al t hough t hejapd efoes nefl sﬁ?pbﬁea Pro&ertive fiicat FSBiffddtactc?Re in BeaéRl alphihst he
car bohydrate sources contribute between 35 and 65% of the total energy of

t he fornul a.roR@iMiseliamhesnt The prdsantmyeciont have demmonstcaedthdtiafthdegh ahe-
lipid source nmay be any lipid or fat which is suitable for use in infant

f or mul as. Prr8¥8éfﬁ%@0flattY§%E<?%m VeI dnembers tdng geppy Bddehactinpy bukr

oil and high oleic safflower 0il. The essentli al ty..acids lineleic. and
o1 i no eni ¢ il aneE R Bsser Al R Midtessahhy Rk dRsh B EhE (R

cont ai nipg NinghrAMARIS btdiRrds PR BB &G GHE dPAtG 86icdo@itine part of the
docosahexaenoi ¢ acid such as fish oils or mcrobial oils” In total, the fat
content is ppefies abhyugund naschhoisaofurrthdobserbed wifects 3As tyot b& e@ficidatedt ot a
energy of the forrmula. The fat source preferably has a ratio of n-6 to n-3
fatty acids of about 5:1 to about 15:1; for exanple about 8:1 to about

10:1. -7- e infant for a also contain all vitam ns and m nerals
under st ood t lﬁtleﬂgﬂg?ﬂqlhgpéh‘?ﬁa W&y diet and in nutritionally
significant anmounts. M ninumrequirenents have been established for certain
vitamns and mnerals. Exanples 5 of mnerals, vitam ns and other nutrients
optionalilsy Figeent compahs thefexbint fdfrd‘m{rl@odafwngderrmid@mmmém YouragiolpB8dbf
vitamn B2, vitamn B6, vitamn B12, vitamn E, vitamn K vitamn C

vitami n D, frolcednizgeied, witlhsisiiankqtavirascand reb¢ivtrigndiffisrant proteeticinderiventiatsol i ne,
cal cium phosphorous, iodine, iron, nagnesium copper, zinc, manganese,
chloride, potassium sodium selenium chromum nolybdenum 10 taurine,
and L-carni tg: I | M. : r and
amount s o Snegiert PR e it 8t W ARSI prtOLHs HaB PSRt e
intended i nfiaRe PORUERNEN simian tdtaVifGeas@MYceilng inéraBhtidiRr Withathi¥eyYame
contain emulsifiers and stabilisers such as 15soy lecithin, citric acid
esters o nmrobiofindn ditreftyd end tes;treatwd fohm. | | ke. The infant fornula may
optionally contain other substances which may have a beneficial effect such
as fibres, lactoferrin, nucleotides, nucleosides, and the |ike. 20 The

i nfant for e i bed .abo be. prepared in any suitable manner. For
exanpl e, t@&ﬁﬂﬁégieesﬁpgf]g?é’gﬁbg?%‘feéﬁd}%ng together the protein, the

car bohydrate source, and the fat source in appropriate proportions. If

used, the enulsifiers may be included at this point. The vitam ns and
mineral's meyy,hgiaddeticatiot the 1995 WinPitmangve aketdib A atkdnaigr. to avoid

t her mal qegrgda??%n. fn;OZB l'i pop HF$%1§?taX?ns, enulsgfigfsgénd the like
may be di'ssolved into the fat source prior to blending. Water, preferably

wat er whi ch .h een_subj e o.rever Q i.s, may then be mxed in to
forma IiquiE%%Pgﬂﬁpgi;%hﬁﬁégﬁ%éngﬁggOgﬁzfﬁgggﬁter is conveniently about
50C to about 80C to aid dispersal of the -8- ingredients. Commercially
avail abl e liguefiers may be used to formthe liquid mxture, The Jﬁqu{d
mxture is tHEADIABADHRTNS JBICTORAL 6% PEFRATAORS\BT §oBpEECNts of microbial cells
with a beneficial effect on the health and well-being of the host. (Salminen S,



The liquid mxture may then be thermally treated to reduce bacterial | oads,
by 5 rapidly heating the liquid m xture to a tenperature in the range of
about 80Gvbeomewt37150C for about 5 seconds to about 5 wcmumpresy/obn7
exanple. This nmay be carried out by stea[g_i nj ection, autoclave or by heat
exchanger; for exanple a plate heat exchanger. 10 Then, the liquid m xture
may be cooled to about 60C to about 85C, for exanple by flash cooling. The
liquid m xture nay then be agai n honogeni sed; for exanple in tw stages at

bout 10 MPa.t bout MPa,i n, t first st 2 ,0.abqut 10
VPa i n the SASRRTEL Ayd oY hahooh CERGT LY Shdy BRehei e TR gbol e
to add any Hemid S@n¥echinod. ta¥pbheaAT=0)such as 15 vitam ns and minerals. The

pH and solids content of the honbgeni sed m xture are conveniently adjusted
at this point. The ,honopgeni s. m xture is transferred to a suitable

dryi ng appar &PH28 SHIE; @galgs %Bﬁlg‘gbweg?ﬂberager%{e%@ it YEHE converted to
powder. The powder should have a 20 noisture content of |ess than about 5%
by wei ght. The Bifidobacterium breve CNCM 1-3865 nay be cul tured according

to any suit abll @ersehiagds abypweipat etlefsthathibd staredt 0 the infant fornula by
freeze-drying or spray-drying for exanple. 25 The invention will now be

further illustrated by reference to the follow ng exanples:- WO
an i nfant 1 NRUPECHPUKG " b (P BSONC YV GNES o B¢ GIBURIGEFDIP el s
comosLton Byl SOyl LK &l bbbl 885R0by D) ket per
10 10el0 cfu dissolved in water and administered on a spoon. Alternatively, it may be
conveniently administered in an infant formula, a follow-on formula or a growing
up milk in an amount equivalent to between 10e3 and 10e12 cfu/g (dry weight
basis), more preferably between 10e7 and 10e12 cfu/g. The expression “amount
equivalent to” includes the possibilities that the bacteria are live, non-replicating or
15 dead or even present as fragments such as DNA or cell wall materials. In other
words, the quantity of bacteria is expressed in terms of the colony forming ability of
that quantity of bacteria as if all the bacteria were live irrespective of whether they
are, in fact, live, non-replicating or dead, fragmented or a mixture of any or all of
these states.
20
An infant formula according to the present invention may contain a protein
source in an amount of not more than 2.0 g/100kcal, preferably 1.8 to 2.0
g/100kcal. The type of protein is not believed to be critical to the present
invention provided that the minimum requirements for essential amino acid
25 content are met and satisfactory growth is ensured although it is preferred that
over 50% by weight of the protein source is whey. Thus, protein sources based
on whey, casein and mixtures thereof may be used as well as protein sources
based on soy. As far as whey proteins are concerned, the protein source may be
based on acid whey or sweet whey or mixtures thereof and may include alpha-

30 lactalbumin and beta-lactoglobulin in whatever proportions are desired.



5.3 35.7 Linoleic acid (g) 0.79 5.3 a-Linolenic acid (ng) 101 675 Lactose
(g) 11.2 74.7 Prebiotic (709%0CS, 30%inulin) (g) 0.64 4.3 Mnerals (g) 0.37
2.5 Na (g 288/06807K (ng) 89 590 A (nm) PCT/EP2009/065977

-6-

The proteins may be intact or hydrolysed or a mixture of intact and hydrolysed
proteins. It may be desirable to supply partially hydrolysed proteins (degree of
hydrolysis between 2 and 20%), for example for infants believed to be at risk of
5 developing cows’ milk allergy. If hydrolysed proteins are required, the
hydrolysis process may be carried out as desired and as is known in the art. For
example, a whey protein hydrolysate may be prepared by enzymatically
hydrolysing the whey fraction in one or more steps. If the whey fraction used as
the starting material is substantially lactose free, it is found that the protein
10 suffers much less lysine blockage during the hydrolysis process. This enables the
extent of lysine blockage to be reduced from about 15% by weight of total lysine
to less than about 10% by weight of lysine; for example about 7% by weight of

lysine which greatly improves the nutritional quality of the protein source.

15 The infant formula may contain a carbohydrate source. Any carbohydrate source
conventionally found in infant formulae such as lactose, saccharose,
maltodextrin, starch and mixtures thereof may be used although the preferred
source of carbohydrates is lactose. Preferably the carbohydrate sources
contribute between 35 and 65% of the total energy of the formula.

20
The infant formula may contain a source of lipids. The lipid source may be any
lipid or fat which is suitable for use in infant formulas. Preferred fat sources
include palm olein, high oleic sunflower oil and high oleic safflower oil. The
essential fatty acids linoleic and a-linolenic acid may also be added as may small

25 amounts of oils containing high quantities of preformed arachidonic acid and
docosahexaenoic acid such as fish oils or microbial oils. In total, the fat content
1s preferably such as to contribute between 30 to 55% of the total energy of the
formula. The fat source preferably has a ratio of n-6 to n-3 fatty acids of about

S:1 to about 15:1; for example about 8:1 to about 10:1.



64 430 Ca (ng) 62 410 P (ng) 31 210 My (ng) 7 50 Mh (pg) 8 50 Se (jig) 2 13
Vitamn A (g RE) 105 700 Vitamn D (g) 1.5 10 Vitamn E (ng TE)
WO 2010/069737 PCT/EP2009/065977

The infant formula may also contain all vitamins and minerals understood to be
essential in the daily diet and in nutritionally significant amounts. Minimum
requirements have been established for certain vitamins and minerals. Examples
5 of minerals, vitamins and other nutrients optionally present in the infant formula
include vitamin A, vitamin B1, vitamin B2, vitamin B6, vitamin B12, vitamin E,
vitamin K, vitamin C, vitamin D, folic acid, inositol, niacin, biotin, pantothenic
acid, choline, calcium, phosphorous, iodine, iron, magnesium, copper, zinc,
manganese, chloride, potassium, sodium, selenium, chromium, molybdenum,
10 taurine, and L-carnitine. Minerals are usually added in salt form. The presence
and amounts of specific minerals and other vitamins will vary depending on the

intended infant population.

If necessary, the infant formula may contain emulsifiers and stabilisers such as

15 soy lecithin, citric acid esters of mono- and di-glycerides, and the like.

The infant formula may optionally contain other substances which may have a

beneficial effect such as fibres, lactoferrin, nucleotides, nucleosides, and the like.

20  The infant formula described above may be prepared in any suitable manner. For
example, they may be prepared by blending together the protein, the
carbohydrate source, and the fat source in appropriate proportions. If used, the
emulsifiers may be included at this point. The vitamins and minerals may be
added at this point but are usually added later to avoid thermal degradation. Any

25 lipophilic vitamins, emulsifiers and the like may be dissolved into the fat source
prior to blending. Water, preferably water which has been subjected to reverse
osmosis, may then be mixed in to form a liquid mixture. The temperature of the

water is conveniently about 50°C to about 80°C to aid dispersal of the



0.8 5.4 Vitamn K1 (jig) 8 54 Vitamin C (ng) 10 67 Vitam n Bl (ng) O0.07
0.47 Vitamn B2 (ng) 0.15 1.0 Niacin (ng) 1 6.7 Vitamn B6 (ng) 0.075 0.50
Fol i ¢ aciwo(@piogk9yB760 Pantothenic acid (ng) PCT/EP2009/065977

_8-

ingredients. Commercially available liquefiers may be used to form the liquid

mixture. The liquid mixture is then homogenised; for example in two stages.

The liquid mixture may then be thermally treated to reduce bacterial loads, by
5  rapidly heating the liquid mixture to a temperature in the range of about 80°C to
about 150°C for about 5 seconds to about 5 minutes, for example. This may be
carried out by steam injection, autoclave or by heat exchanger; for example a

plate heat exchanger.

10 Then, the liquid mixture may be cooled to about 60°C to about 85°C; for
example by flash cooling. The liquid mixture may then be again homogenised;
for example in two stages at about 10 MPa to about 30 MPa in the first stage and
about 2 MPa to about 10 MPa in the second stage. The homogenised mixture
may then be further cooled to add any heat sensitive components; such as

15 vitamins and minerals. The pH and solids content of the homogenised mixture

are conveniently adjusted at this point.

The homogenised mixture is transferred to a suitable drying apparatus such as a
spray drier or freeze drier and converted to powder. The powder should have a

20  moisture content of less than about 5% by weight.

The Bifidobacterium breve CNCM 1-3865 may be cultured according to any
suitable method and prepared for addition to the infant formula by freeze-drying
or spray-drying for example.

25
The invention will now be further illustrated by reference to the following

examples:-



0.45 3 Vitamn B12 (jig) 0.3 2 Biotin (jig) 2.2 15 Choline (ng) 10 67 Fe
(my) 1.2 8 1(jig) 15 100 Cu (ng) 0.06 0.4 Zn (ng) 0.75 5 Bifidobacterium
breve CNGNWDI20103B6537 PCT/EP2009/065977
-9-
Example 1

An example of the composition of an infant formula according to the present

invention is given below. This composition is given by way of illustration only.

Nutrient per 100kcal per litre
Energy (kcal) 100 670
Protein (g) 1.83 12.3
Fat (g) 5.3 35.7
Linoleic acid (g) 0.79 5.3
a-Linolenic acid (mg) 101 675
Lactose (g) 11.2 74.7
Prebiotic (70%FOS, 30% inulin) 0.64 4.3
(2)

Minerals (g) 0.37 2.5
Na (mg) 23 150
K (mg) 89 590
Cl (mg) 64 430
Ca (mg) 62 410
P (mg) 31 210
Mg (mg) 7 50
Mn (pg) 8 50
Se (ug) 2 13
Vitamin A (ug RE) 105 700
Vitamin D (pg) 1.5 10
Vitamin E (mg TE) 0.8 5.4
Vitamin K1 (ug) 8 54
Vitamin C (mg) 10 67
Vitamin Bl (mg) 0.07 0.47
Vitamin B2 (mg) 0.15 1.0
Niacin (mg) 1 6.7
Vitamin B6 (mg) 0.075 0.50
Folic acid (ug) 9 60
Pantothenic acid (mg) 0.45 3
Vitamin B12 (ng) 0.3 2
Biotin (pg) 2.2 15
Choline (mg) 10 67
Fe (mg) 1.2 8

1 (ug) 15 100
Cu (mg) 0.06 0.4
Zn (mg) 0.75 5
Bifidobacterium breve CNCM I- 2.10" cfu/g of powder

3865
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2.107 cfu/g of powder Exanple 2 -10- This exanple conpares the efficacy
of three different strains of B. breve against rotavirus infection in mce.
The partiwol2aromeuse nodel was chosen for three reasonspCFiBEP609/063971 hi s
nmodel sim an rotavirus not only caused i_g estinal rotavirus 5 infection but
al so rotavirus diarrhoea. Second, the histopathology of the rotavirus
effect on the nurine intestinal nucosa resenbles that described for
rotavirus infected children. Third, this nodel has reproduced the greater
and | esser effects achieved with different probiotic strains in clinical
trials. 10 14 days pregnant BALB/c m ce were purchased from MoRegard,
Denmar k. TheTlifs egainpleechrapses thaeffiadyafl thirdendiffeecranihls dfaBi bidvy airdshe
Karol i nska University Hospital, Huddi nge, Sweden. Bedding and nesting

mat eri al , ndomnmpeln%e@tlonlil@tmmd vdieepariievler prase dagdeldwas whosen far firea 2
hours light:dark cycle was.nmai ntai.ned. Pups were born at 19 to 20 days'
Gest ati o PEBOTET JHG M i RIORS] STEhAGHY Ul POE OBBY Gr Be bRy IEdP S Mibut ed
to different: i I -\ 7 P ps
of four day Bes guett kS ol B Rittidhe’ SEah, RRRIsBHnIIBRr BP4ERIIRPS
one control gfeetn tRAGHIn iNB§tthaRdilitbsat Bsethbled e dudpsbandsr daakitus n a
10 A volune starting on Day-1 and continuing until Day 3. Freshly cul tured
bact eri a werisfecasludpkineted TihirdPBSs amode] das ceprodatddotheodredtore 20d 26serf effedts (t he
PBS medi um hag- pr vi,ﬁggj[ée/ been tested .in the same ani mal nodel and was not
found to i nfACOENER W eEt pERMO stedein clitiealiralee experimental groups
recei ved, respectively B. breve CNCM 1-3865 (al so designated by the
internal reference NCC 2950), B. breve NCC 2791 and B breve NCC 458. The
control jgroup H%Fse%fégﬂarﬁf]%@ﬁ?@ nﬁ@eswr@g:pﬂ%hag&i H@)h?M;bl%aY@SDéIﬁHM@dTHé al ly
on Day 0 using 2.10e7 FFU siman rotavirus RRV. A single batch of RRV was
used for thenitbovereshioudyd ifdiciduainde thd adinzal rthodisy wather Karimekh daiivetsimt i |
Day 4. Pups were euthanized on Day 4 using intra-peritoneal pentobarbital.

Di arr hoea i fespétapdpiddipge. ayesen e Begdinehandoigstisg snatedls nemed dellet dichands.
Wt diarrh i f t 0ol f 1
R R R AP i L RN
conpar ed betpipen, St BGRALIERE 1095@ {RFs Ofk st 'F‘u&aﬁgfh %ﬁték SR&E rin tqtest

and was presented as percentage diarrfoea in grap everity was defi ned

as the suym defelicbgingealiseibure tbadiffeashh erperiteniangréups wakirs® 00 pubs per
experinment (severity = E diarrhoea score (Day 1 + Day 2 + Day 3 + y 4))
and durat i orgroms débunegioups tdiefauwt dity selch pipdayerewisdd domrthdotady Boirhe
severity and duration were an(ial %sed bly Kruskal - 10 .Wal lis and. %JFEE tests.
Di f f er ences FREHRENIA LSRN PPE (FONIBLETAY)asBreEEY Wy adgmist Ser e

oot o9 oL S O A SBl SElFE OR ggBRIRY bliDs .
Freshly cultured bacteria were resuspended in PBS at a concentration of 10e10
20 cfu/ml (the PBS medium had previously been tested in the same animal model and
was not found to influence the diarrhoea outcome). The three experimental groups
received, respectively B. breve CNCM [-3865 (also designated by the internal
reference NCC 2950), B. breve NCC 2791 and B breve NCC 458. The control
group received only the PBS medium.
25
Infection was induced orally on Day 0 using 2.10e7 FFU simian rotavirus RRV. A
single batch of RRV was used for the whole study. Occurrence of diarrhoea was
recorded daily until Day 4. Pups were euthanized on Day 4 using intra-peritoneal

pentobarbital.



NCC 2791 NCC 458 Control No of values 8 8 8 6 Mean duration 0.75 1.5 2.125
2.5 SE duration 0.2500 0.2673 0.2266 0.5000 Mean severity 1 1.75 3 3.667

WO 2010/069737 PCT/EP2009/065977
-11-

Diarrhoea in the pups was assessed on the basis of consistency of faeces. Watery
diarrhoea was given a score of 2, loose stools a score of 1 and no stools or normal
stools a score of 0. Presence or absence of diarrhoea was compared between
5 treatment groups on a daily basis by Fisher’s exact test and was presented as
percentage diarrhoea in graphs. Severity was defined as the sum of diarrhoea
scores for each pup during the course of the experiment (severity = X diarrhoea
score (Day 1 + Day 2 + Day 3 + Day 4)) and duration was defined as the total sum
of days with diarrhoea. Both severity and duration were analysed by Kruskal-
10  Wallis and Dunn tests. Differences in the intestinal virus load as assessed by real

time PCR were tested using the Mann-Whitney test.

The infection rate, severity and duration are shown in Table 2 below.

15 Table 2

NCC 2950 NCC 2791 NCC 458 Control
No of values | 8 8 8 6
Mean duration | 0.75 1.5 2.125 2.5
SE duration 0.2500 0.2673 0.2266 0.5000
Mean severity | 1 1.75 3 3.667

20

As may be seen from Table 2 and Figure 1, a high infection rate was achieved in
the control animals where diarrhoea occurred in 100% of the subjects at day 3, thus
allowing a robust statistical analysis. B. breve CNCM [-3865 showed a significant
reduction both with respect to diarrhoea duration and diarrhoea symptom score
(Figure 1). By contrast B. breve NCC 2791 showed a limited protective effect
whilst the results from the B. breve NCC 458 resembled those in the control group.




As may be seen from Table 2 and Figure 1, a high infection rate was
achieved in the control animals where diarrhoea occurred in 100% of the
subj ect s wb 208y68737t hus 20 al | owi ng a robust stati sti calpcam®by®iosso7B. breve
CNCM 1- 3865 showed a significant reducti both with respect to diarrhoea
duration and di arrhoea synptom score (Fi'gg?e 1). By contrast B. breve NCC
2791 showed a limted protective effect whilst the results fromthe B.
breve NCC 458 resenbled those in the control group. -12- Exanple 3 This
exanpl e congayfapiehs efficacy of two different preparations of B. breve
CNCM 1- 3865 agal Rst rotavirus infection in mce using the nodel described
above 5 in Exanple 2. In this exanple, there were two experinental groups
and a control group. One experinental group received |ive bacteria

r esuspended Tlrs RB8we LoBATSs thenefficRcC afobyo Idifferene poepreatianspet iBreest

group receiv iy l.ar bacteri.al preparation except that the preparation
one heat -t r daNE 31365 Bersrt vt RBEoh b s At T Srdst (5 REEDP880
H). The cont; recetyVv y e i 'gl)'%\% )
o SO R, GBI RE RS0 R TR DA
was achi evedsriiip.t DR @RPéiMEn@I StiRipWaEHi Ped ROYbaItelid Resasporabs i RBSHt a0k hpea
at day 2. Both experinental groups had reduced synptons of diarrhoea when
conpar ed t o dftvenlcdHEC RA95¢r oup The HthieabdxpeAmeNGT 2050 rddeNEG 2 9mdildr Waoterrabl No
of values 7 7 6 Mean duration 1.429 1.143 2.167 SE d&jr ation ,
preparation except that the preparation was heat-treated at 90°C for 30 minutes
prior to administration (NCC 2950 H). The control group received only the PBS
10 medium. The results are shown in Table 3 and Figure 2. It may be seen that a high
infection rate was achieved in the control group where 100% of the animals had
diarrhoea at day 2. Both experimental groups had reduced symptoms of diarrhoea

when compared to the control group.

15 Table3
NCC2950H |NCC2950L | Control
No of values |7 7 6
Mean duration | 1.429 1.143 2.167
SE duration 0.2974 0.4592 0.3073
Mean severity | 1.429 1.429 4




0.2974 0.4592 0.3073 Mean severity 1.429 1.429 4 -13- Cains 1.

Bi fi dobacteri um breve CNCM 1-3865. 52. A conposition suitable for use in

t he prevewbi20n/@p73tr eat nent of rotavirus di arrhoea conpPCsiBP009/065977

Bi fi dobact eri um breve CNCM 1-3865. 3. A_ﬁg_rrposi tion according to Claim?2
which is an infant fornula, a foll ow on rmula or a growi ng-up mlk. 10 4.
A conposition according to Caim3 which conprises Bifidobacterium breve
CNCM | - 3865i n an anount equi valent to between 10e3 and 10el2 cfu/g on a dry
wei ght basi sepadpe: A conposition according to Gaim3 or 4 which conprises
Bi f i dobact erl um reve CNCM 1-3865 in an anmount equival ent between 10e7 and
10el2 cfu/g. 6. A conposition according to any of Clains 3 to 5 which
further conprises at 20l east one prebiotic in an anount of fromO0.3 to 6%
by wei ght of the Bifdpbyiterionbreve GNCMdei®dsition according to any of daim
2 which is a supplement and which conprises from 104 to01012 cfu of

Bi fi dobacterium breve CNCM | 253865 per unit dose. 8. Use of a conposition

as claimed i anys o akishal il b ihhd e BRI Ataie Rl oftolRA canent

or therapeutic hutri ona nposi tion e prevention or nt of
rotavirus diarrhQRarhoea comprising Bifidobacterium breve CNCM 1-3865.

3. A composition according to Claim 2 which is an infant formula, a follow-on
formula or a growing-up milk.
10
4. A composition according to Claim 3 which comprises Bifidobacterium
breve CNCM I[-3865in an amount equivalent to between 10e3 and 10e12

cfu/g on a dry weight basis.

15 5. A composition according to Claim 3 or 4 which comprises Bifidobacterium
breve CNCM I-3865 in an amount equivalent between 10e7 and 10e12

cfu/g.

6. A composition according to any of Claims 3 to 5 which further comprises at
20 least one prebiotic in an amount of from 0.3 to 6% by weight of the

composition.

7. A composition according to any of Claim 2 which is a supplement and
which comprises from 10*to 10'* cfu of Bifidobacterium breve CNCM I-
25 3865 per unit dose.

8. Use of a composition as claimed in any one of claims 1 to 7 in the
manufacture of a medicament or therapeutic nutritional composition for the

prevention or treatment of rotavirus diarrhoea.



