1 Isolated phages and their use as disinfectant in

food or for sanitation of factory environnent. Field

of the invention 5 The present invention relates to

phage isol ates having a strong |ytic activity agai nst

Ent er obact er sakazakii strains and their use as

anti-mcrobial agent in food products, in particular

infant forrmula, and for sanitation of factory

envi ronnments. 30 Background of the invention

Ent 3 N t f facto
e diPaRPRLES SHORREF Sy aigRRcOARn RAY Jr30r Slpidaln of actory

paskﬂuﬁbmméhﬂnl k. Their presence often indicates

i nadequate sanitization and/or faulty construction of

the processing equi pnment. Menbers of the 15 genus

Ent R3a oy equently found in dried products
sucﬁﬁgs ﬁ?ﬁ%npo er Anong the Enterobacteria, E

5sakazakii can cause serious infections especially

anmong Vel ?glgion rél?tgflso ﬁﬁgplsbﬁﬁg neahed s'tr@ng’lly'h@%&wb@tagamst

severe‘r1ormao tIs anong neonates and
i nf artsobasker hakkrzu/edstrarﬂs andl tlfeonw haaxmenwg)hlﬁpgm & foad greducts,

2 0 the mde |on c, manuf ng of
dri éHP?fHF"Athg’BP%?HP ?fts @é‘g? f “IPR: v1r§ e costs
for the production MA|| be too el evated. Therefore,
the manufacturers rely on the use of disinfectants

1Cand Byebground ofiyltd isméndionor k zones during processing to

provi de safe 25 products. Neverthel ess, |ow nunbers of

bath}m{ glga%feﬁa 9515} ehpa %‘aﬁqtgﬂ Aoy nFC%OHt%ﬁlﬁtl@l flora" of dairy

recons ornu I's not consuned rapidly
and ﬂf@ﬂbtsamaMﬁloenpastduaaqﬁemiku Their Prissnasagiienendiates Wéadequate

g :) g ggﬁ%%lﬁ%l%}ltea?lg ggl 4 e rt?olijlf cﬁj éﬁe&gﬁtppeisﬁlinﬁ gﬁ‘ﬁ}gment. Mﬁmbers of the

15Pr i Q{gm‘?é' EnteroBBer a?@h@c[ﬁ\eﬁ’tiy folied Brdese produdty eshiadmilk powder.

resides 1n providing a food, in particular mlk based
products such as i nfant fornulas whi ch may be safe

| e;/err_lAnaf%rtlger S%%;e o%ac}ern C%n g}z E%Scatna}fﬁgé IS@QOﬁShﬁlf&E‘QI‘M Bspecially
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Sa aza I nvention al ns
deveinopg a/eS}afyeurigg élnhast Hirah mmhcdmi usa dare drut severe form of neonatal

gﬁ 8 orﬁn%}%%%% I%Enages a?xg ér?"z:a‘?%; ivsi/ithi (ﬂieg—ri]l)(fa}clt%gmﬁﬁ 88&& fmplicated as

the mode of transmiission.

Aseptic manufacturing of dried infant formula is not feasible because the costs for
the production will be too elevated. Therefore, the manufacturers rely on the use of
disinfectants and specific hygienic work zones during processing to provide safe
products. Nevertheless, low numbers of bacteria can grow to considerable counts
when a reconstituted infant formula is not consumed rapidly and kept at ambient
temperature. This may render the product potentially dangerous for the infant

consuming it.

In view of the deficiencies in the prior art, the problem of the present invention
resides in providing a food, in particular milk based products such as infant formulas,

which may be safe even after storage in conditions favouring the growth of E.
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environments. 5 This probl em has been sol ved by

provi di ng bacteri ophage preparations with substantia
lytic potential towards E. sakazakii, that are safe

and non-toxic. Sunmmary of the invention 10 It is an

obj ect of the present invention to devel op new and

useful phage isolates with substantial |ytic

potential towards E. sakazakii2and which can be used
alone or in cocktail to prevent or to treat food

pr 09&5@2@177:@ Eﬁisof, 2¥ntfoVdifg qy%@éoﬁ L Qe 4pehtt @E Bl beOikRd for
cause y E. sakazakii, 1n particular infant fornulas,

15 Kecongtimtion axfidt rekazah] acanyofood weodyeieansnior jsenjtatien ehfactory
to %59%%9%n food product that contains phage

i solates selected to | yse E.sakazakii., in particular
a mlk based fornula, a nutritional conposition, a

pet food odyct,, a dietary suppl.enment or an food. af .
P STt Bl oForPByP Ity SHRASAR, PeeiSPpiet; gefiidlioR it
fur shetanfRIR poRhntihNEwWRUS B Y, Gtk hRRafeQnR hON-tdR. an
agent for decontam nation of food product and

sanitation of factory environnment, which conprises an
effsc%}gg o?gRHQ&aQ% at | east one phage isolate or
cocREAITM4S dEsErT™eld above. In anot her enbodi nent the
present invention relates to the use of at |east one
phage_ 25 ..sal-ate or caockt-ai [ . :
Gec it ahrregt BegrongatsiiBhly ARep e oRE ettt fdtics win
f ackasiangalitioporetial Grwdrds Ehenkprogip andtvitich cdn e used alone or in

conposition intended to preyent or treat infections
cauSeE Y & PregR LEKP| UFdh %G%ﬁ%d%fs awf Tage Pivirogmgny from
anotherm@Ri¢ea®td bPE PL2RAlLn pAUENA iR BrikIeY i de a

- method of 30 decontam nation of food products or

15

sanitation of factory environnent, which conprises.

usi pg; Q | ' ' iiddd product that
05,80 G U5 LFELET ORI AP BLARR ML ot i
descoitiied phievisolats selectdirtd Hese Esdlarasi.tip. partietlitod fibir based

sel ectipng phage i.solate wth substantial lytic .
ot SR 8 PHAIOHY e PoSHaE Al 1900 THBgeh AU 2 gyBlemgnt or auy

Maj efodadM A RYRaRinatibEbPEESRM ki NVention is that it
provides for a decontam nant having a high

specificity for E. sakazakii. It may prevent
cont.api pagion .a ut gr ' : |0y b nati
T oot b Sathet B Er e el b peaPaFtch f g@bframinaton

bas efifopd pehdatisand safitagion bffaatty érvironhers, which camprses en lpfective

efficient fqor the treatnent or. . .
amount of at(ieast one p ageaiso ate or cocktail as described above.

In another embodiment the present invention relates to the use of at least one phage
isolate or cocktail as described above, for decontamination of food products and
' sanitation of factory environment or in the preparation of a composition intended to

prevent or treat infections caused by E. sakazakii in humans or animals.

It is yet another object of the present invention to provide a method of
decontamination of food products or sanitation of factory environment, which

comprises using at least one bacteriophage preparation with substantial lytic potential

towards E. sakazaki as described above.
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prevention of infections caused by E. sakazakii in
humans or animals. 10 Anot her advantage of the present
invention is that it provides an agent which helps to

di si nfect, clean and decontam nate wor ki ng surfaces or
processing equi pnent in factories, as well as floors;
walls and the like. 15 Anot her advantage of the

present invention is that it @ovides an agent that is
environmental | y safe and non-toxic for humans.

Det ai | ed Description of the Invention 20 Wthin the
f'ol | owi ng description, the term"FSM phage" designates |
t helt FooherSafagtsyto Mmostlodst ddrospjecting tpbagdeoisplaise wab| qugat@m@h Iytic

(hbstle ese Ver. ez-| es- Bl anc,
LauArhia; t°§ %??ﬂ%gﬂ%’aéé\%gﬁ e&laﬁﬁ %o a first aspect,
an agent for decontan1nat|on of food and sanitation of

25 factory environment, conprises at |east one phage .
[ soﬁaﬂféoquhmé&?o%ftthﬁﬂeﬁml1‘9/‘(‘?’80’1 poh@nt P‘&Vldﬁﬁgﬂreggecgmammant

sak@azall b nibt® s ?%&fyn?cq ETREkPHBOES R6C BfedbmOcduankil@ion and

present° I nvéntion may be obtained by screeni ng
cammtgtaw@ b &t ealqaawzageasmyffood predyet, Wting paitigplady ugeful for milk

( Pe aﬁég iDII‘Odﬁ;%t% 9110 Sés %?flg&gfeﬁnéﬁ . ’ftoéc?nﬁ%s& b%%?ﬁéﬁeﬁt%lt the treatment or

M %@%ﬁb@gym&en&g Rhused bY Eaqithiotiin loisans Ghﬁpmels 16
Viruses: cultivation nethods, pathogencity p.436-452,

NtC?am#Fhll Inc. New York 1993) or inliquid culture
th& 0L @%%'Q%f @Q:dpr%e% m@entQH BOWaiVi; pibRfes @h agent which helps

Pro aryotes . Chapter 6. Description and

i detotdifintat icloan awst dwemawmageewo@ngmsfaqeé DI PERESPHEegiipment in
I nc, Boca Ra The method for
sel%%OnegaiﬁéPﬁééFQ%ﬁgg%ages accordlng to the present

| nventl on is detailled in exanpl e 1. Preferabl y the

e isolate having the ahility i nfect .
agnotberb%'@@tag%pf St B Jpvaetiom i Sk PforV&?Ftaﬁeagem that is

ﬁ%%gé&ﬁ%gﬁf 2%% agé ggfl%ggf@for LESMs33; FSM 261; FSM 265;

SO ES 271 FSM 272 FSM 273
FSM 274 FSM 280- FSM 281 FSM 284 FSM 286: FSM 288:
290" . ESM 2 297.. ESM 298 FSM 300- FSM 303.
g‘?d b %6% F%M%%‘““FSM 311 FSM 313: FSM 314:
FSM 316. FSM 318: 10 FSM 322: FSM 323: FSM 1360:

kS ’]1't%1n the I}“'llowmolvcl'iescnptmn l}@rx% “F%ﬁ/li)hage” designates the Food Safety
Microbiology bacteriophage collection (Nestlé Research Centre, Vers-chez-les-

Blanc, Lausanne, Switzerland).

According to a first aspect, an agent for decontamination of food and sanitation of
factory environment, comprises at least one phage isolate with substantial lytic

potential towards E. sakazakii, is concerned.

The phages according to the present invention may be obtained by screening
candidate bacteriophages for those which infect E. sakazakii strains using the spot
assay test (Pelczar, M.J., E.C.S. Chan, and N.R. Krieg. Microbiology concepts and
'applications, Chapter 16 Viruses: cultivation methods, pathogencity p.436-452,
MecGraw-Hill, Inc. New York 1993), or in liquid culture (H.W. Ackermann and M.S.
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MC9; FSM MM O and FSM MML1, on solid nediumand, ii)
at least 9 bacterial strains of E. sakazakii fromthe
group consisting of FSM16; FSM 33; FSM 261; FSM 265;
FSM 266, FSM 269; FSM 270; FSM 271; FSM 272; FSM 273;
FSM 274; FSM 280; FSM 281; FSM 284; FSM 286; FSM 288;
15 FSM 290; FSM 292; FSM 297; FSM 298; FSM 300;

FSM 303; FSM 305; FSM 308; F3M 309; FSM 311; FSM 313;

- FSM 314; FSM 316; FSM 318; FSM 322; FSM 323;

FSMHABER; vinaht dB8Bb6kaMies VoML ChdptivioMOBscripthivt aniliBentification
FSM MMLO and FSM MML1, in liquid nediu

sel elcteatphagem. [1A3-34% (e Prestine nbesai Rata: | IOPH%?&{%\Z; ¢ he method

o Y/ C! o 1 etai
208y S il £ B e s e

73/ 8GR, 1. n?srtkr@\wagbe plipg¢ 26!kt HABNE MivagditBE/iBBeLE

ot B et e e o L RRTE A9 R xhm foRsiuhe o FSM-16;
10/ 26 151 *FWJ?@HG?SM%Q@BME@{FM@ TENBITE FSM-271; FSM-

FSM Phage 67/33/1, FSM Ph F/ 316, FSM Ph /
ot FORErRRGe T2 KOG B TRIGRER: FoM 86 FoM-285;
corr e%@R/PQédngﬁf/{%QQ%ts Bo7-SEERLIYR. NANe 3H6E RSRENRS | 15305,

by way of exa e at e Irdstitut Pasteur, 28 rue du
Doct e FSMR3K, mezfsm&mg TEEN 31 FSMERMICESMoH 6; FSM-318;

L8R R PSR R R R e e o
CNCM M@g,mmmwmw HSNEMEG] 1 roaspb@mie@iamyand,S
Advant ageou t he phages d

re able to | .
at | eddftlgwt &X’éﬂﬁll%ﬁtr%“l’?é’f@ sakdzq ’é 8‘I?|€ © FPURFPTEY %f{I%M'w

15

20

30

Resea@‘éﬂ/f SENHdN. 2@?'}*5%%9@&@@99% 0k9; %mw@lm-zn FSM-
This "coll€ction i’s representative for t

sakaz &k2:i FIMRF3 M B84 E)SM@WnFSMt?@LpFSJ\d@éﬂsFSMﬁ% FSM-288;
part | n e _
) ngr)%d %%Olt?ﬂnv eﬁg(h 397, Wgéi(}x Adie g OTBSEL 3@ PSM-305;

accor covefage o out
cent @am-bm OESML.’n)Gd Hmvmsi NGSHI- Zplﬁagﬁil\déék;t a‘SM-bIG aFSM -318;

Lo s GRS PRPL B 7 SR PSR A orsne.
gram ﬁlﬁ@?tpswm’a‘% b B ADAE R lih@d mBiten, according to

a fur aspect, the invention relates to the use of
at Wweastledek 10 phage isol ate as described above, in
any food product or nutritional supplenent, for

In a preferred embodiment, the phage isolates are FSM-Phage 67/33/1, FSM-Phage
F, FSM-Phage 9/261, FSM-Phage F/316and FSM-Phage 73/311/2, FSM-Phage
73/261, FSM-Phage 33/33/1, FSM-Phage 28/145/2 and FSM-Phage 10/261/1.

In a most preferred embodiment, the phages FSM-Phage 10/261/1, FSM-Phage
73/261, FSM-Phage 33/33/1, FSM-Phage 67/33/1, FSM-Phage F/316, FSM-Phage
9/261, and FSM-Phage 73/311/2 together with their corresponding propagation
strains have been deposited by way of example at the Institut Pasteur, 28 rue du
Docteur Roux, F-75024 Paris CEDEX 15, FRANCE, on 14/1 1/2003, under the
deposit number CNCM 1-3127, CNCM 1-3128, CNCM 1-3129, CNCM 1-3130,

 CNCM - 3131, CNCM I-3132 and CNCM I-3133, respectively.




preventing contam nation and outgrowth of E.

sakazakii. Exanples for food or pharnmaceuticals

products are m |k, yoghurt, curd, cheese, fernented
mlks, mlk based fernented products, ice-crearns,
fermented cereal based products, mlk based powders,
infant fornulae or tablets, |iquid suspensions, dried
oral supplenment, wet 15 oral suppl enent,

dry-tube-feeding. Methods for preparing themare

co e [ L oo, t e E
vanrrs PRl ARG AU BRTRAR ARE GREOLEIRE dorldte of h
par kdigadicarfroavwetNesdé S{esefafch\ﬁémtra mglltzcgemcsmmsed of 39 strains. This

preservatives. It ca her, c se a
an d?‘&k“&’“ﬁ? EBFS Y r}err‘gﬁ.% 8%%@435@4 lﬁ fgo%spréélfcts, in
t he négt in@eﬂlt Bnlle Hehmike aﬂilﬁge Qﬁ'&&‘ia‘ﬂl degortiDgafdy theN@vention,
er of techniques that are well known to this
5 ar t covlemganbamt 9% poroetnireant e QbtaiersichycwsiRgos phage ﬁocldaﬂ of at least
con in S h
t he Vbof ;g?e t ?ﬁeﬁeraeb? tth rp@%ge% a?eg:%é '?élg ltc?{i:go n?z% n@ﬁ géi%atgt’il g%tetrﬁ such
mayadi@e gramutergaﬁ\redamilc acldd»aqaéra e formul a, an [ nf ant
fornmula, a dairy product, a chilled or shelf stable
beverage, water, a soup, a dietary suppl enent, a neal
r eprage QFCBdegatdWWth apadt, ih@ﬁnveﬁﬁorﬁre@aﬂékf ©0heé be%fyat 1é43t one
a nost preferred enbodi nent, es may be added t?
10 r Yoo RbENaces doneribed Sbevenl 0y To0 o0 OB RGERGHAL supplensent, or
enb? evew%n% coﬁtaﬁ%ﬁéﬁ n. a919 dou%@&gﬂ{c;&f g‘aXa}Qz@a@p rEx%fﬁst Vi’bf Bood or
€as phage isolat®e according to the present
i nvglmrmmutlcﬁdﬂ pl@)dmtplaee milkf gogierit eetdnvhdese, ferpsgied rmilks, milk
. chees renneted ml k Lt
C on <51 feawg?tyg pfo }lct%)eg%%rrs%ms f%rrv\xfeexéf ed cer%alebagéd perodigzts milk based

bevg@ W@8s, idaRoRfeghd 6N@bNsPAduid bﬁ@&h&sﬁ(ﬁs,t dniaeelr(eau supplatest, wet
ars, drinks, nmilk 5 powder s, sqy-based products

15 nonosl Ispéplﬁlémﬁﬁntdéﬂ“}bﬁé%ﬁéélgs Methedst £9r¢ pEsRaging them are ' common
sup thg%tes for clinical nutrition. EE7 Once a phage
i solat as been selected according to the present
invention, said phage isolate nay be included al one or

Kt ai l s 1:]
abo@lég I}J{’ﬁﬁg}%@ﬁ?fi’dlg¥ tQ Ehe iRy eE{mn gn%& ta ?dznglg? 1%%?[ e)égnents in
f or pArfighlatiweltefidrs,Ollavg iy agefite RE pekseatifest heap Iﬁa@&s cempnse a

added in a dry or |iquid state), and nore Ig)retfg ﬁ/
20 f r opgebiotic and/or a probiotic microorganisim. "The compositions of the mvention may

be formulated according to any one of a number of techniques that are well known to

this art.

In another embodiment, a food composition containing at least one phage isolate

25 according to the present invention is prepared. This composition may be a nutritional
complete formula, an infant formula, a dairy product, a chilled or shelf stable
beverage, water, a soup, a dietary supplement, a meal replacement, a nutritional bar
or a confectionery. In a most preferred embodiment, phages may be added to a dry
powdered infant formula.

30
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about 106 to about 1011 pfu/m or gram The phage

i solate may be prepared by spray- drying,

freeze-drying, or in liquid sanple container using the
product as support naterial, e.g. mlk powder for

infant forrmula. It can also be used as a supplenent to

15 be m xed with the product before serving, as

addi ti onal packaging (e.g. sachet). Al so, application

of phages according to the invention or spraying or

ot NEf WoRr e ARIiMENGh RRAGBSI pradect fnﬁz O EMicRBY ith BtTest omdsphage
performed with the objective to i nhi bi t rowh of th

t ar Felatdpseerdingdo thsyasseridnyaE PR ifon example. Bderprealsd rutk byogh““
conyenti, %ﬂ@elﬁe 20 diRtBe Qrﬁ%k Rfclé Bt éor@&n’ﬁ'ohé}?t #of réxarﬁﬁ]@ a sweet or
amount of dges I's preférably of at l|east about 106

pfu S\(vqﬂaltequl beﬁemgm aepnfitivneryrbarpbregifastreeread dlakesras bars, drinks, milk

preferably fr bout, 106 to bout pf u/ 0

P ahwaRs it P natiaueito bR mdnleq Phialls Obr - muvitional
i 1] sdpledten@Toi0dlin}aPidrifidh. N0 Way Shoul d 25 be

construed as |imting the subject nmatter of the

present application. The exanples are preceded by a

bri @fncéjgglﬁigb !?srolagﬁlh bee&{k%lefdeg lAE(%?de: 1oQHE Bi3scht in¥eion, said phage

di agram e growth of the E. sakcuakii strain
m xtsalag J(nE)SFvE:@lchiﬂeMiBmezﬁ@n aadege gBktail] 3y 2 prpduct ¢ Bepioned

o o AL 450 8410 Sy o o

W t (depéndirpad ehe ph%khﬁal dddédih.a dry off hcﬁncgstate) 2nd s08e preferably from
di a ran1§pOMAn he .growt h of kcrakjii_straj.n
f%ilﬂué Hapbel 4 Pﬁ@ml ongramod P‘@é%lsol%éfsf?% ije&’aﬁ% by spray-

Rec ol § a | Rt eSinWithd) adaa it
P LG Py S o

9/ 26mterizi3 £ 31 milR po(v)ieroﬁor infint Forlap K sae alee bk padd) aS(alsypplgnent to
Fig [ af

AVl T G R e
1987/2NL) on the surface of stalnless steel discs
treated with 108 uhnl e i he phage cockt ai l

( FShise- pralisation 8f7p hage acw%&g o oot ippentog G gpigying B otherwise
or WM bhdbage, EREK) Bhirohdint id BelfotARB VAR the objective to inhibit

growth of the target bacteria. Such compositions may be prepared by conventional

methods. For this application, the amount of phages is preferably of at least about
10° pfu (plaque forming unit)/ml or gram, and more preferably from about 10° to

about 10" pfu/ml or gram.

The following examples are given by way of illustration only and in no way should
be construed as limiting the subject matter of the present application. The examples

are preceded by a brief description of the figures.

Figures 1 is a diagram showing the growth of the E. sakazakii strain mixture (FSMCC
# 145, 286, 290, 305, 1987/2NL) in BHI broth inoculated with 108 pfu/ml phage
cocktail (FSMCC-phage # 67/33/1, F/316, 9/261, 73/311/2) (®) or without phage
cocktail (A).
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Exanple 1 Sel ection of phages according to the
invention 15 A collection of 114 phage isol ates
originating fromthe Nestle Food Safety M crobiol ogy
bact eri ophage coll ection, were tested agai nst 39
strains of E. sakazakii originating from Food Safety
M crobi ol ogy culture collection (FSMCC). The strains
are listed in Table 1 and 2, respectively. Oigin
FSMCC Origin FSMCC no no 1 factory environment

o e 5 g PEHRAG oy g T B of e 35k Wl s #
66; BI51 296, £9te 305K 8Y7/2N10Y ift Redobsigited Bitat Formulas igycalasd wits 30°
201 vl pogs S MSHORM G pives 1 58P 1 SIS BT BT & of
10/@ﬂ§ﬁ§p%%/g%&§g¥hg 11 10/ 145/ 4 68 Sewage (arriva

of water MC9/ 1 before filtration on sand 12
10/ 261/ 1 69 61/ MC9/2 13 10/261/2 70 61/1\4C9/3 14

L

rej BtSt P& 290; 365 1IN rthes bée of Ftaindess geahdiseytrea@f M@ 10°

L SR 0 ST STV S o3

(®), or without phage cocktail (A).
Examples
Example 1 : Selection of phages according to the invention

A collection of 114 phage isolates originating from the Nestlé Food Safety
Microbiology bacteriophage collection, were tested against 39 strains of E. sakazakii
originating from Food Safety Microbiology culture collection (FSMCC). The strains

are listed in Table 1 and 2, respectively.

Origin FSMCC Origin FSMCC
n° n°
1 factory environment 9/145/1 58 Sewage (primary mud) 64/33/2
2 “ 9/145/2 59 « 64/311
3 “ 9/145/3 60 | Sewage (channel rejection in | 66/311/1
the lake)
4 “ 9/145/4 61 “ 66/31112
5 “ 9/145/5 62 “ 67/33/1
6 o 9/261 63 “ 67/33/2
7 “ 9/261/2 64 “ 67/300/1
8 “ 10/145/1 {1165 “ 67/300/2
9 « 10/145/2 {1166 « 67/311/1
10 «“ 10/145/3 |3|67 “ 67/311/2
11 «“ 10/145/4 |]]68 Sewage (arrival of water 61/MC9/1
before filtration on sand)

12 “ 10/261/1 {1169 “ 61/MC9/2
13 “ 10/261/2 []i70 “ 61/MC9/3
14 “ 10/261/3 |71 Sewage (primary mud) 64/MC9/1
15 “ 10/261/4 1172 “ 64/MC9/2
16 * 10/261/5 {1[73 | Sewage (channel rejection in | 66/MC9/1




21 22/ 145/ 4 78 73/33/2 22 22/145/4 79 73/261/1 23
23/ 16 80 73/261/2 24 23/145/1 81 73/300/1 25

23/ 445/ 2 82 73/300/2 26 23/145/3 83 73/311/1 27
23/ 145/ 4 84 73/311/2 2S 23/145/5 85 73/ M9/ 1 29

23/ 1387 86 73/1\4C9/2 30 28/ 16 87 Sewage (exit of
water) 74/ MC9/1 31 28/145/1 88 1< 74/ MX9/2 32
28/ 145/ 2 89 Sewage (biologicak water) 75/311/1 33

33/33/1 90 75/311/2 34 33/33/2 91 75/M9/1 35

33/ 33(3-92 75/ WE9/ 2 736 3371387 4793 SCWAGGEEN O Whl o1
3; 1794+ 2 o Al 0 It g5 53 s 8 4671 MCI/-1 95 76/ 3{lddnCor2
5;‘.1}*\11',%&@ o3 Sroh Pt {2145A0|| BT VC97T 1T 97 /67 311/ 3  Adi/MCI/l
S~ P2 Yo oS LA 2 ##5P0] 399 76/ 31175 43 | 67/MC92
i) PRGSO el )15 | 6 16 3a N cdiBlot WatelyCO| 23/33/1
Fop ool Uz SEWEY Eo3/ BRI ||pk arer) 777133/ 1 46 |73/33/2
g 5334 816377138/ 247, B/ HQO[T04 77/ 3FAT 148 |73/261/1
S XS YIRS Tl 3609727106 7/ CO/1 50| 73/261/2
gg T U TV £03/145/1 (1181 “ 73/300/1
125 « 23/145/2 11182 “ 73/300/2
26 “ 23/145/3 11183 « 73/311/1
27 “ 23/145/4 11184 “ 73/311/2
28 “ 23/145/5 11185 “ 73/MC9/1
29 © 23/1387 86 «“ 73/MC9/2
30 “ 28/16 87 Sewage (exit of water) 74/MCY/1
31 “ 28/145/1 |]188 “ 74/MC9/2
32 “ 28/145/2 1189 Sewage (biological water) | 75/311/1
33 i 33/33/1 90 “ 75/311/2
34 * 33/33/2 91 “ 75/MC9/1
35 “ 33/33/3 92 “ 75/MC9/2
36 * 33/33/4 93 Sewage (entry of water) 76/33/1
37 “ 33/33/5 94 « 76/33/2
38 “ 46/MCI/11{195 “ 1 76/311/1
39 «“ 46/MC9/211196 < 76/311/2
40 “ 58/MC9/1{}{97 “« 76/311/3
41 “ 58/MC9/21]198 “ 76/311/4
42 “ 58/MC9/311[99 “ 76/311/5
143 Sewage 61/33/5 100 * 76/MC9/1
44 “ 61/33/6 101 “ 76/MC9/2
45 “ 61/33/7 102 Sewage (exit of water) 77/33/1
46 “ 61/33/8 103 « 77/33/2
47 “ 61/300 104 « 77/311/1
48 “ 61/300/1 105 “ 77/311/2
49 “ 61/300/2 11106 “ 77/MC9/1
50 “ 61/311/1 {1107 « 77/MC9/2
51 “ 6131172 {1108 | Sewage (biological water) | 78/33/1
52 “ 61/311/3 111109 «“ 78/33/2
53 “ 61/311/4 {110 « 78/311/1
54 “ 61/311/5 {111 « 78/311/2
55 “ 62/300/1 112 « 78/MC9/1
56 « 62/300/2 {]|113 “ 78/MC9/2
57 | Sewage (primary mud) | 64/33/1 114 Factory environment F/316

Table 1: Phage isolates investigated
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51 61/311/2 108 Sewage ( bi ol ogi cal

61/311/3 109 78/33/2 53 61/311/4 110
61/311/5 111 78/311/2 55 62/300/1 112 78/ M9/1 56
62/ 300/ 2 113 781M29/2 57 Sewage (primary nmud) 64/33/1

114 Facto environnment F/ 316 Table 1:

water) 78/33/1 52

"< 78/311/1 54

Phage i sol ates

investigated 5 9 FSM Code Oigin FSM Oigin Code

Mal - 16 (16) Finished roduct:

envi r onnent

gereals 300 M Ik Factory

33 infant formula 303 M|k Factory

eW 26T ™ ot verRl tpgpg00] M TK Fasdg Y
envi nifeht| 265 Unknown 308 M kC fACt DIy ggyl ronment
2GR M s Festony et ,"g;&yiﬁ 208 figopmen
MLk Bdct o;v eny iR orAplay 1 3 Ml [ 3 —\Mld‘:ﬂ? 0,7%””,1-?61 ent
271 M6k Falct or Musish Universitnt ik 809 ” " EAdiflg Fagtory environment
envi rogient| 272 MiikooWact ory HhvB3P®nmeAfillghastony environment
Fact ongs envj r onmerinknd®8 M | k HacB69y eMill Bastpsnenvappment
M{TK Bectorly mN Ficssiemtironéde | | B1Facl ovijk Baetary ervirepment
322 WK Factany resor, epiisament A80 308 | k| Rtk Bactory environment
enviTomTent | 343k Mdidy Eagloam¥éne[|V1 Remme iMilleBakbtdy tdvironment
Feet ob Y, eVl TR ort Skolielit [1ECBOEY FININ PR bnvirdfihont
M i v 52:@; I\?J{F a,cg”” §;;1 u,ofi&%ZtT ' g Fd F NP1 Factory environment
cT ngati o ik Fysorygainpuigric L 22 LRI Hack Gy fffoment
genPihen Lk Fagtery envirment (| 327 o |, Milk, Facioty enVironment
ML9 \&Skni nl aMilkyfaciery enyixpnment 1360 | Milk Factory environment
' 284 Milk Factory environment 1387- Milk Factory environment
2NL
286 Milk Factory environment MC7 Wageningen University
288 Milk Factory environment MC8 Wageningen University
290 Milk Factory environment MC9 Wageningen University
292 Milk Factory environment MM10 Wageningen University
297 Milk Factory environment || MMI11 Wageningen University
298 Milk Factory environment

Table 2: Enterobacter sakazakii strains

SCREENING ON SOLID MEDIUM

Isolation of plagues and phage amplification

Sampling:

Take sewage water samples (approx. 50 ml) for the research for bacteriophages.

Measure the pH of each sample using pH paper strips (if pH lower than 5, to adjust to
7 with NaOH 1IN).

The samples are then submitted to the following steps:

1. Centrifugation 10 min at 2500g (to eliminate the large remains).

2. Filtration of the supernatant using a filter of 0.20 pm (to eliminate bacteria)

3. Perform the tests as follows or keep samples at 4°C for 1 or 2 days MAXIMUM.
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292 M|l k Factory environment MMLO WA enin en

University 297 M|k Factory environnent MML1 WA enin

en University 298 M|k Factory environnment Table 2:

Ent er obact er sakazakii strains SCREENI NG ON SCLI D

MEDI UM | sol ati on of plagues and phase anplifrcatiozz

5 Sanpling: Take sewage water sanples (approx. 50 nl)

for the research for bacteriopbhages. Measure the pH

of each sanpl e using pH paper strips (if pH |ower than

5, & BdisHRliof & babteMbilodyedkladdNk prel Realdi@aRBRRPhAR WRELtested in

then submtted to the follow ng steps: 1. )

Cenparilieli géithi @rwitl®uhpre-amplifisgg. Onee Biejmigsargeeoftthagy rdgiected,

rengLNs).. ~Eiltration of the supernatant using a

fiP?%?a%Fn%?§§1%$¥$%&glininate bacteria) 3. Perform

the tests as follows or keep sanples at 4C for 1 or 2

day§ MAXI MUM 10 For éhe,isolation of bacteri ophages,

t heSQBeYURE Pithopt prgramplieatitnis have been tested in

parallel with or without pre-anplification. Once the

presence of phage is detected, they are anplified and

st o¥led!: Brepuodendfige bactanishexlpre- anpl i fication: Step

1. Pr ratd on_of t. ' Cult Ao A C :

 saicnalertr R Rieakl B bEn el i S Bl iforPlofusion

He afBHI) OkoigiGM225) BHirepa@doardd tBNPR S5 nl jof thir eaparredsl{ramafegred in 4ml

t he . of . t hi I e is transferred in 4m 10

of &rfg%ﬁ Bgﬁr"‘“iwa‘u?aieéf}@éﬁ St q0e st ep 2: Add

sanples to bacteria: Add in a tube containing 3nml soft

Bill agar (BH broth + 0.6% agar) maintained at 45t

1C, Stad Adaptempigs teebackesigazakii cul ture (prepared as

aboX &) iita HQ c%ntgfnk{%rs%?tsgﬂ BIhsaéﬁ??JHeorBt‘ﬂ b6 645 Inaintained at
0 di shes:

Step 3: Inoculatio etri
45 + 1°C, 100 pl of the E. sakazakii culture (prepared as above) + 100 pl of treated

sample to be tested.

Step 3: Inoculation of Petri dishes:
Mix the tube content with a Vortex (& 2sec.). Then, pour the whole tube content on
the surface of a Petri dish containing a thin layer of BHI agar and let solidify on the

bench. Incubate inverted plates overnight at 30°C.

Step 4: Interpretation of results.

Note the presence or absence of plaques of lysis on each Petri dish.

Step 5: Controls

Prepare a positive control (E. sakazakii strain n° 261 + active phage against this
strain at a concentration of 2-3 log pfu/ml): Apply steps 1 to 4.
Prepare a negative control without phage added: Apply steps 1 to 4 without addition

of phage or sample to be tested.

Screening with pre-amplification:
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M x the tube content with a Vortex (t 2sec.). Then,
pour the whole tube content on the surface of a Petri
di sh containing a thin layer of BH agar and | et
solidify on the 20 bench. Incubate inverted pl ates
overni ght at 30C. Step 4: Interpretation of results:
Not e the presence or absence of plaques of lysis on
eachPetri dish. 25 Step 5: Gontrols Prepare a
positive control E. sakazakii strain n 261 + active
phage against this strain at a concentration of 2-3
log pfu/m): Apply steps 1 to 4. Prepare a negative
COnStpal — i hdﬂ‘epcphargeoﬂmfwmbm”}”&steps | to 4

\gc trAg g\l;,l}%% d : ;s]a Taé:n i}}i%f e%vgli ogea} n.%{lteatt%t @ In tB‘?acih qﬂm’r :mfusmn

Pr epaf mo% cRf225'8 padfated! thah 0.6 uhitaf s crAtwmistthlsfeméd i, 4ml of
sakazaki | havi ng grown overn|ght at 30C in Brain Heart

| nffesh BHI al(Cmauba@gdh@t #e25) is prepared, then 0.5 ni

of this culture is transferred in 4m of 5 fresh BH

and incubated Ih at 40C. Step 2 - Day 1. Anplification

of ghage- Day { Wmslifivptien ofiphage mukresagiet ai ni ng 4ml BHI

broth | 001 of t | I ' d

' s oy G5 BRUGERAN L B4R O PR
gnrdr 1 ¥ RLEdl sainSib tbe t%&&i aﬂeOaddBdJIaEd mgittatedi b at 30°C
150 0 m They are left overnight on &‘ggﬁ’ﬁf nch.

St epder agltﬂayx ap 15(@% TPt (et 378 Feftayermight of
Step 4 - Day 2: Preparation of the bacterial culture

15 & eyl 5 0. OfnfeddsAralkiniat bs00ixpg grown over ni ght at
30C i n Brain Heart Infu5| on (B H, Oxoid CW25) is

prepared then 0.5 m of this culture is transferred

gpﬂ?{ OfR(%Z ﬁ%fﬁ%”longf‘% cbRgybateg,kh at 40C. Step 5 -

es t acteria: 20 Add in a tube
CONA &tind &f Frkok@bkii Balihg grgan o(vmg‘hn_ atb.?%ﬂﬂnﬁ@naﬂ@art Infusion

L d, at C,, 100 | h
sak@iﬂﬂg%&@ m&é%@ﬁ@ﬁ% éa n DS %Ibcg\}lél c lﬁxﬁe)bsl‘:tralns xlgred in 4ml of
sanpl.f prARh@ &t dd 540

Step 5 — Day 2: Add samples to bacteria:
Add in a tube containing 3ml soft BHI agar (BHI broth + 0.6% agar) mainfained at
45 + 1°C, 100 pl of the E. sakazakii culture (prepared as above) -+ 100 pt of sample

obtained in step 3.

Step 6 — Day 2: Inoculation of Petri dishes:
Mix the tube content with a Vortex (& 2sec.). Then, pour the whole tube content on

the surface of a Petri dish containing a thin layer of BHI agar and let solidify on the

bench. Incubate inverted plates overnight at 30°C.

Step 7 — Day 3: Interpretation of results: Note the presence or absence of plaques of

lyses on each Petri dish.

When the presence of phage is detected, they are amplified and stored.




Step 6-Day 2: Inoculation of Petri dishes: 25 Mx the

tube content with a.Vortex (+. 2sec.). Then, pour the

whol e tube content on the surface of a Petri dish

containing a thin layer of Bill agar and let solidify

on the bench. Incubate inverted plates overni ght at

30C. Step 7 - Day 3: Interpretation of results: Note

the presence or absence of pliaques of 30 | oses on

each Petri dish. When the presence of phage is

detected, they are anplified and stored. 12 |

Anmplification of a lyres plaque Step 1. Preparation of

t hesdhpteficatiombf clybdsyilqueS A cul ture of E. sakazaki i

havi ng grown overnight at 30C in Brain Heart |nfusion

(BHI, Oxoid CVM25) is prepared, then 0.5 m of this

cu lsftégrze P'zjeéalatr-]dt@n %&gz(e: Tbﬁﬁsferiz'dﬂ cgmr;% ’ ; resh BM a P d f

i ncubat e at . Step 2: Jfication .1 P
5 10 A aulturg ghé&. wmaéfimaﬁ@gzﬂ&@wpwe%‘ﬂ‘a&%%l‘gén Praig li{%ﬁ‘g Tifusion

sa b s r | 8Rtudo is tradsferred in 4ml of

isgﬁgig%qﬁfgk%gﬁﬁs%g%%?%dggségﬁgqgggid and i ncubat ed

3- GlesiaBHBOX innudeted 1hgi 48Ci on at 150- 200 rpm Tubes are

| eft overnight on the bench. Step 3: Centrifugation 10

mn at 2500rpm 15 Step 4: Filtration of the

Euﬁﬁﬁﬂﬁk?QMﬁuﬁbﬁgf&ehﬁhtFrhof 0.20 im(to elimnate

acteria Enuner ati on of phages .20 St .. P raf .
10 of Tnhéutissentaning nd e, WOGHIof ﬁ’f’f&s 6‘1%‘9@"’s°3{£‘§3%%§‘!‘9‘p“ o

havj r O Eoft ' hdlinbieardd 3-5H at3i0e under

(B e o e B B o i s

c ul dgltationias 1 10-200sper Telksiare 14 pyernight oprtesheng  and

i ncubated I h at 40C. 25 Step 6: Add phages to

bacteria: Add in a tube containing 3ml soft BH agar

( BHre )t @chtrituddti6% @gad 3t 2580rpinai ned at 45 1 C, 100 N.
of the E. sakazakii culture (prepared as above) + 100
15| of serially diluted sanple obtained in step 4.

Step 4: Filtration of the supernatant using a filter of 0.20 pm (to eliminate bacteria)

Enumeration of phages

20 Step 5: Preparation of the bacterial culture:
A culture of E. sakazakii having grown overnight at 30°C in Brain Heart Infusion
(BHI, Oxoid CM225) is prepared and then 0.5 ml of this culture is transferred in 4ml

of fresh BHI and incubated 1h at 40°C.

25 Step 6: Add phages to bacteria:
Add in a tube containing 3ml soft BHI agar (BHI broth + 0.6% agar) maintained at
45 + 1°C, 100 pl of the E. sakazakii culture (prepared as above) + 100 pl of serially

diluted sample obtained in step 4.

30 Step 7: Inoculation of Petri dishes:




10

15

25

30 Step 7: Inoculation ofPetri dishes: 1 13 Mx the

tube content with a Vortex (f 2sec.) and pour the

whol e tube content on the surface of a Petri dish
containing a thin layer of Bill agar. Then, |et

solidify on the bench and incubate inverted pl ates
overnight at 30C. 5 Step 8: biterpretation of results:
Enunerate |yses plaques on eacth Petri dish. LtL

Storage after anplification 10 Step 1: Preparation of

al i,quots: D ' ' %8 asle tdidontht on the
th@ﬂgﬂb?3$ggagﬁgﬁﬁgﬁgg&gﬁégé%§é%ﬁ?ﬁ%ﬁam?obtained in

St eprfdceadf a Preri ‘Uikhpbithinigts hin byerofd3lilyages Themdgsclidify on the

par agr aph). Step.2: i.tion of ol: 15 In each
P besamomsrobreieeggesrare B an v xed
quickly using a Vortex. Step 3: Qickly freeze the

tubes in liquid nitro?en Step 4. Storage of the tubes
i n Sef & deizapretation goGullg0 SCREENI NG | N LI QUI D MEDI UM

St 1, Q: . Pr r ats . the bacterial culture: A
cuﬁ%ﬂ?@”§$%§§p¥§ﬁ§§§klPiﬁgsg%%'gromn overni ght at 30C
in Brain Heart Infusion 25 (BH, Oxoid CVM25) is

prepared. Ste 1. Preparation of the bacteri al
cul tﬁ'f”é?*‘*f‘?‘éﬁ’@?é?”@% m of this culture in 4m of

fresh BH and incubated 6h at 40C (stationary growth
phase of cells). Dilute cells up to 3log cfu/m in
Tr yperohePragadrationdtf ali®is:Oxoi d L42). 5F fi 14 Step 3,

DayDi%t:ribMeClrn g icxtyg-rt\megtagpl%is f¥ml of the filtered amplified phage solution
(obtained in step 4 of the “Amplification of one lyses plaque” paragraph)

Step 2. Addition of glycerol:

In each tube 15% of sterile glycerol is added and mixed quickly using a Vortex.
Step 3: Quickly freeze the tubes in liquid nitrogen
Step 4: Storage of the tubes in a freezer at—20°C

SCREENING IN LIQUID MEDIUM

Step 1, Day 0: Preparation of the bacterial culture:
A culture of E. sakazakii having grown ovemight at 30°C in Brain Heart Infusion

(BHI, Oxoid CM225) is prepared.

Step 2, Day 1: Preparation of the bacterial culture:

Transfer 0.1 ml of this culture in 4ml of fresh BHI and incubated 6h at 40°C
(stationary growth phase of cells). Dilute cells up to 3log cfu/ml in Tryptone Salt
(TS, Oxoid L42).




Ef fecti veness of phages agai nst E. sakazakii was
investigated in a mcrotiterplate assay. Each plate
was set up with each of the test m croorganisns as
follows: external wells, 200 | of sterile BHT (blank
control), other wells, 20 1 of diluted E. 5 sakazakii
prepared in step 2. Store overnight mcrotiterplates
at 4C. Step 4, Day 2: Mcrotitiarpl ate assay Leave the
mcrotiterpl ates fromthe refrigerator. Add in

neg e t 01 BH and in test wells,
1608’%}%\&1)%?? Mglof p aag%g/suspen& on (final
conEfadtivatdse of qﬂhagei @g8ndtdy spkarsbi¥ yas Revedtigatedsn Grmiqreféerplate

opt i cal e Slt zer Yollows:
usi fig*a %13 ataeS Tedfe %?‘E Ean%j%&?’ﬁgﬁssasgroe ows:
t heB*(thﬂﬂQIU\béﬂseQJO(ﬁﬁl c&%@rmmmmmmonabm odiiedl welg 20, pf diluted E
was read after 6h30 and 8h30 jincubatjon. Ste

3. Mkgradiiiprenapsddr alemd Sgre overpEpignicEfiterplgics atr‘ggdl n g ,
plates are left at anbient tenperature for one total
duration of 24h. After which the OD62onmis |ast once
reaﬂmpR,EBhJLZTSMmZ@nEplat‘ecmfsm»g to the test on solid

phage | so] at t hat .are act,i

ookt g Samene R POt AL e Bt 180
frogyhgq of @&RNellE%%ﬁBHﬁglus Q@JI hagi;us e26ion (409 conddildiation of
271, 272; 273; 274; 81; 2 286 288; 290Q; 292

10 2978 l@ogw/nddRead 30520nB08: oRtiod: desstz/ (tigre gerog ofthe gyggotiterplate by
316, .318; .322; 323 L; at MYBC
10 a%rég W“irfp Iafaerrga%ere@%?sga&ﬁﬁéu%ﬁ ﬁﬁé@%ﬁe %1 ag‘emg\éga a o
i sohabiest dit 4d QDY waSrehd ftep 6ATEmMJFBERD Rivalyeioh.7/ 33/ 1,
FSM Phage F/ 316, FSM Phage 9/ 261, and. FSM Phage
73/ 311/ 2) are presented in Table 3. Sone phage

| sokap gng);gng;},gtgerpg,,eejsg)pl ent agai nst at | east 20
out of the 39 bacterial sfrains., 30 A9

15 Bactiéel bp H;:a;g geaﬁmg;uéqxtes( Feiafi agbjent @n}p@;ﬁurg for engytoggl uggtion of
N I\b&n Atfter llzvhlcil e (5D520nm Rsnlai}l ohlce read.

w

RESULTS

20 Following to the test on solid medium, phage isolates that are active against at least 9
out of the 39 E. sakazakii strains selected from the group :FSM-16; 33; 261; 265;
266, 269; 270; 271; 272; 273; 274; 280; 281; 284; 286; 288; 290; 292; 297; 298; 300;
303; 305; 308; 309; 311; 313; 314; 316; 318; 322; 323; 1360; 1387/2NL; MC7;
_ MC8; MC9; MM10 and MM11, are selected. Thus, the 11 phage isolates (including
25 the phages FSM-Phage 67/33/1, FSM-Phage F/316, FSM-Phage 9/261, and FSM-
Phage 73/311/2) are presented in Table 3. Some phage isolates proved to be efficient

against at least 20 out of the 39 bacterial strains.

30
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Table 3: Selection of the phages according to the results obtained in solid medium.

legend: 0 non active; 2 active.
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of femdpmﬁg,eﬁt,aecag&weng to the results obtained in
liqurd ntediurn. legend: O non active; 2 active. As

may be derived from Tabl e 4, sone phage isolate
recRMa4 & MREfed £EA 1881:%, @Eme phage isolate recognize more than 80 % of

the 39 E. sakazakii strains. Other isolates, however, recognize not even 10 % of the
strains tested. The phages isolates that are further active in liquid medium against at
least 9 out of the 39 E. sakazakii strains selected from the group : FSM-16; FSM-33;
FSM-261; FSM-265; FSM-266, FSM-269; FSM-270; FSM-271; FSM-272; FSM-
273; FSM-274; FSM-280; FSM-281; FSM-284; FSM-286; FSM-288; FSM-290;
FSM-292; FSM-297; FSM-298; FSM-300; FSM-303; FSM-305; FSM-308; FSM-
300; FSM-311; FSM-313; FSM-314; FSM-316; FSM-318; FSM-322; FSM-323;
FSM-1360; FSM-1387-2NL; FSM-MC7; FSM-MC8; FSM-MC9; FSM-MM10 and
FSM-MMT11, are selected phage isolates that can be used in the present mvention.
Preferably, the following 8 phage isolates FSM-Phage 67/33/1 (CNCM 1-3130),
FSM-Phage F/316 (CNCM 1-3131), FSM-Phage 9/261 (CNCM 1-3132), and FSM-
Phage 73/311/2 (CNCM I-3133), FSM-Phage 73/261(CNCM 1-3128), FMS 33/33/1,
(CNCM I-3129) FSM-Phage 28/145/2, FSM-Phage 10/261/1 (CNCM 1-3127).

It will be appreciated that a skilled person may well examine and select other phage
isolates according to the present invention, by subjecting them to the screening tests

on solid and liquid medium as detailed above.

Example 2: Evaluation of bacteriophage cocktail efficacy against a mix of

various strains of Enferobacter sakazakii in BHI and Reconstituted Infant

Formula (RIF)

In order to evaluate the efficacy of the phage cocktail against E. sakazakii strain

mixture, the following experiment was carried out.
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5 the 39 E. sakazakii strains. O her isolates,
however, recognize not even 10 % of the strains
tested. The phages isolates that are further active in
l'iquid nedium against at least 9 out of the 39 E.
sakazakii strains selected fromthe group : FSM 16;
FSM 33; FSM 261; FSM 265; FSM 266, FSM 269; FSM 270;
FSM 271; FSM 272, FSM 273; 2y3; FSM 274; FSM 280;
FSM 281; FSM 284; FSM 286; FSM 288; FSM 290; 10

Shh JoB NSRS PN PP 4 REORN o

FSMe&l&gd FoSMx3dple FSMd3a3P. EﬁeﬁmeFSMaj_g@@O?’ Journal of Applied
FSM 1387- 2NL;

7, FS F
FSMimbiolog 8+ 59@5%) i ‘ﬁﬁ Widyal h Vel taét: %%e asggf’é:) of
' ” théle o E}&F@ eNdilutddv Ntk GRsh BRI ghe Iixitbbayed ?ihet 35CI dwiixgofBthese

e eyt el 1
L 5 M B P sy o

1 ?s%%ﬁgt tlFeSMaPMG&xtx%ﬁéﬂ-é@TZbouFSb/bﬁhﬂlge 10/ 261/ 1 ( CNCM
-3 It will be appreciated that a skilled person
may vveII exam ne and sel ect ot her phage 20 isolates

d'pﬂ%t Kolde PEBRE néonkdilﬁﬁ%]tl‘?m __phﬁge Sﬂﬂm%ht((m@Mhi}ﬂ’BO)
SCreeni ng tests on soO

id and iu
detﬁ‘iN/I_ephagfb&/éw @tﬁ?ﬁdl ér3231)5v1%§1‘ddth?% Gﬁgﬂ‘f‘ %@3@ and

coc f
o B iupeser SRR R i belt ‘ﬁg%%‘n@g?#‘?su?‘g%@%“ﬁagﬁ‘f““”

25 é%@ﬁ rmhb@ (d Ride)l tbnthertdiess dontaining lEatsekaZWel afit jte aegcho fmal
t he

e .cockt ai sakaza
m bR PH LG SR BRoTRY P H Slfhon of pipge BHI
?%gg f & kEeak? 21601 is 8isb dlchedSM 145, 286,
290 ga)llﬁd+§1€287l 2aNL as @(gle)slgrlsbeg in exanple | and

in P. Breeuwer et aI , 2003, Journal of Applied

M cr obi 0| | i ime intervals:
ovef nﬁﬂﬂl Iafel}P% @Tg F?Zg(? dﬁa&%ﬁﬁg fes E%géﬁeéhgl? ?Jgtllorl]lg s

di | git od 4= khi Forfdagts fanfiitt, theuhbes wb bbeetidpresent BOTe mgdium was
m x of these 5 strains is carrle -out by m xing equal
quadat¢rniieed byftapdast PletegoRting{Behod ne BI-11 broth or

RIF are inoculated with 100 | of the E sakazakii m x
(prepared as descri bed above) so that the final
conResultsat i on i s of about 10 efu/m.

The results are presented in figures 1 and 2. It shows that a bacterial mixture will
grow out to high number in the absence of phage cocktail whereas no growth is
observed in the presence of the phage cocktail for a period of minimum 6 hours and

up to 24 hours.

In conclusion, these experiments demonstrate that adding bacteriophage preparationv
according to the present invention against E. sakazakii to reconstituted infant

formulas (RIF) should prevent outgrowth of E. sakazakii for at least 6 hours.

Example 3: Effect on bacteriophage preparation for environment sanitation.
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The phage isolate cocktail containing FSM phage

67/33/1 (CNCM | -3130), 10 FSM-nhage F/ 316 (CNCM
1-3131), FSM phage 9/261 (CNCM 1-3132) and FSM yhage
73/ 311/ 2 (CNCM | -3133) has been tested. For this, a
vari abl e anmount of each phage is added to the tubes
containing E. sakazakii mx to reach a final
concentration of about 8 |og pfou/ M. Negative control

wi t hout addition of phage (BH or RIF 9.9m + E
Sakfﬁz{i\lﬁ%ﬂ tor@v)élugrtgqlé fﬁ%a §loth gJ‘BL %@k’caﬂ-%n@rﬂlﬁmally contaminated
i nocul ates are i ncubat sanpl es are taken
at wafacelsy ah. mkamidnestmml rm,\tur@ the fpllowing exgRmeEoVaseagted out.
sanpl e, the nunber of bacteria present in the nmedium
was determ ned by standard plate counting nethod. 20

Resg)},g p,@ﬁg,ay,g,%ybtagmm,@ew esented in figures 1 and 2.
It shows that a bacterial mxture wll

h| gﬁ mixtiseof the & tekapigesicnoff Syhite ?&@ca?ﬁaws Wﬁ‘e%&@NL (see
%Jl fll and 29952\?5@% jgdi?ﬁuglm%eﬁg%%g @nﬂ&?&: @fSh LR ﬁ‘ese strams

coc or a ours and 2
24 tsomnmfugem at a«mrpzm ifon] Orbinexs ¢°@xPal paliehissharksnto 9x1q1 étheted n

tneBp SEefth FRCL APt BRMIR: APPE ClinRynf R B HndR s i

I ecebéd- blkitb nmg 1 quia@fifitd FsadpRidck. shoul d prevent
out gr owt h o E. sakazakzi for at |east 6 hours. 30

Exanpl e 3: Effect on bacteriophage preparation for
enVSzre]S’B”E&Heqéﬁn' tation. 19 |In order to evaluate the
efficacy of the phage cocktail on artificiall
conBaimlesatsed! disardéfates’ laye aIUEgedsakéhmkWeM rsafl/lﬁon prepared as

gjt Xaesirel"b tu?% { Pl ow SI}?O ega]%urg 1‘(%? gém f}nﬁgr%ggéd} ith.

& ation 0 l'a ce re of
the E. sakazakll strains (FSM 145, 286, 290, 305 and
1387/ 2NL /(see exanples | and 2)) is used. Individual
ove*?’ﬁé’@hHafo?gt‘Wldé)’(”fgh at 30C) of these strains is

cengg 'refrHcQ%qantEag]?f Q1P @tatlﬁ’l%%sls?éa Bis&d aré 91‘[11@%% 48 WBked $times

har vest ed uted in to reach a cel
c onmdﬁtosmtatecﬂuffyf st (PBSt p 7ci, Meantk). "ﬂaemmesgfof ligred és absorbed

:;Eﬁri g o%twan g’?%ge; I tﬁg _dpsgst ar%yther:g cyhiiergigduer&g %bm%:lfl ﬁrrﬂéeir tlalrﬁiﬁaroﬁow. To

determine the level of attached cells, step 6 is applied on some discs.

Step 4: Addition of phage cocktail

Half of stainless steel discs are plunged in a 8§ log pf/ml phage cocktail solution
containing the following phages: FSM_phage 67/33/1 (CNCM 1-3130), FSM_phage
F/316 (CNCM 1-3131), FSM phage 9/261 (CNCM 1-3132) and FSM_phage
73/311/2 (CNCM 1-3133). Leave the container at room temperature under gentle
shaking for 6 hours. Withdraw some discs at various intervals for bacteria

enumeration. In parallel, controls without phage added are carried-out.

Step 5: Washing
At defined intervals some discs are withdrawn, washed 3 times in sterile PBS and dry

quickly on sterile absorbent paper.
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Step 2: Adhesion Stainless steel disc of IcnR are

pl unged in the bacteria] solution prepared as
described in step 1. Leave at room tenperature under
gentl e shaking for I h. 15 Step 3: Washing and Drying
To renove unattached cells, stainless steel discs are

‘W thdrawn and washed 3 tinmes in Phosphate Buffer

solution (PBS: pH 7.0, Merck).20The excess of liquid is
absorbed w th Watnman paper, the discs are then dried
during 30m n under lamnar flow To determ ne the

| evel of attached cells, step 6 is applied on sone

di sé&lep 620elBleqshment padigrimgratiohphage cocktail Hal f of

st aiy gl hS& N 8rd O :
han e SRR CATT AT oo R sfel AR, ThOpS P Pults delThlaced imo
phagmscatiBbdtiptialge Wik W38t And iChmid) Ter3han jit SOKSM afeageds; tubes are

F/ 316 - 313 FSM 9/261 (CNCM 1-31 d.
F SM%ﬁggggglé& -,5390@%%}0)2 ugl B c%“?egi §g§ _en\ér@fa@témt i epe%l)me%nusmg a

congtglgdgﬁfplﬁgngql%md_tenperature under gentle shaking
for 6 hours- Wthdraw sone discs at various intervals

for bacteria enuneration. In parallel, controls
V\Atf}\g&gtsphage added are carried-out. Step 5: Washing
30 At defined intervals sonme discs are withdrawn,
washed 3 tines in sterile PBS and dry quickly on

o L ARS8 B P B0L e 33055 Sty U5 SO i

t ubpsthé atiRiitg (PSICTS 145ubes 2906308 FIBFANINEah not be recovered

soni cation bath (filled with water and ice nx) for )
| mi #yEorsirphefuriase pfrstpinless sisekdisgs dregfedy yith 40 eaﬁlf%lrphfae in the

sec i 3 | t i .
per Q %g%gaﬁﬁfwgmg MPJ%% %ﬁ%ggziﬁlgﬁﬂ %?6?}’1;{%210} ./ﬁhgg ?Jrle?sswthout
10 fihge cekialltls mrteriproserviable and cii gign grodv shightbsh

denpnst rat.es .that th ...Sakazakii -hact.ar] | st _

Gt TR AR e Frhebo RS SR Mgk et s por
canrefdt inRAlifiesraner. 8 dhazakmbatiega.f rom t he surface of
stainless steel discs treated with 108 pfu/m phage in

the phage cocktail (FSMCC-phage # 67/33/1, F/ 316,
9/ 261, 73/311/2), whereas w t hout




phage cocktail the bacteria remain viable and can even
grow slightly. 15 In conclusion, the treatnent of
stainless steel surfaces with at |east 108 phages per
nil result in killing of the E. sakazakii bacteria.
21 Cainms 1. A phage isolate »fth substantial lytic
potential towards E. sakazakii, having the ability to
i nfectlaisi ) at | east 9 bacterial strains of E
sakazakii fromthe group consisting of FSM 16 ;

FSM 33; FSM 261; FSM 265; FSM 266, FSM 269; FSM 270;

SRt oA M R T T T
FSM 288abikMo3RRct: FSM 303; FSM 305; FSM 308; FSM 309;

FSM 311, FSM 313 FSM 314; 10 FSM 316; FSM 318; o
Fsm 322t leashPbasteriabpirains @f H-swkazakir -from - the pgmpvemsisting of

on <o IECHr SRS ot ARSI ks, TP b by

| eastFSMizA¢] €SMVAR 73t FSIEs730 FSRs-aRazBSNI-2§0: HEM-28 1 OFSMIP284;
coNsi irb% of FSM 16: FSM 33: FSM 261: FSM 265:
FSM 2‘%\4 -ZBE\FENG28E R M7AR0; FSM-292:: FSMIE2976NiSM-2598; FSM-300;

Fov 2ea oM KD OEYcs: ESN-3ES: el g SRR hgu-a14:
1SV FEM-316SNERAS 18; A2, TEDNA3209; FGAI3801 ; FSM-1387-2NL;

Fom TSRBMENE THEYONFS VMR SV Ryl (e PRV T ot

FSM MW@ liamskdRShubM the dpt Adsplicst 4#BI UM 20 2. A phage

i solate according to claim1, deposited under the

r ef erBrié leagtiionacteriab stpains of Esakpaliy drons lezgreumeansisting gf FSM-

to clai 3 it-ed dedc, : 1680, 1749 971

173178 Ty R e s, ER R S SR SR Sl rs 271
15lepodiSvd2 T deSME278; FEVBL P ISMIINBY] FSMB1#19.FS3-284; ASM-286;

PRa0G.d 308! BsRESRN WM 73 Fefi 27 rSNPRY, R 400 Fsm30;
FSM-305 ; FSM-308; FSM-309; FSM-311; FSM-313; FSM-314; FSM-316;
FSM-318; FSM-322; FSM-323; FSM-1360; FSM-1387-2NL; FSM-MC7,
FSM-MCS8; FSM- MC9; FSM-MM10 and FSM-MM11, in liquid medium.

20
2. A phage isolate according to claim 1, deposited under the reference CNCM
1-3127.

3. A phage isolate according to claim 1, deposited under the reference CNCM
25 I-3128.

4. A phage isolate according to claim 1, deposited under the reference CNCM
1-3129.

30 5. A phage isolate according to claim 1, deposited under the reference CNCM
I-3130.




1-3130. 22 6. A phage isolate according to claim1,
deposited under the reference CNCM 1-3131. 7. A phage
i solate according to claim1, deposited under the
reference CNCM 5 [-3132. 8. A phage isolate according
to claim1, deposited under the reference CNCM
1-3133. 9. A phage cocktail, containing at |east one
phages, !&?Aa%% SsoMie %éyr@iﬁ LOcaRE ] o(ie odited bl”ﬂ"le fetbRn8e CNCM
whi ch infects at | east §0/00 akaza strains
fromltHel. group consisting of FSM 16; FSM 33; FSM 261;
FSM 265; FSM 266, FSM 269; 269; FSM 270; FSM 271;
FSM 272; FSM 273; FSM 274; FSM 280; FSM 281; FSM 284;
FSM 28& p l'l_ag%éz&ﬁe abcoMlidf % cligi 2RpositedMndEr'the FsiMenddBNCM
FSM 300; FSM 303; FSM 305; FSM 308; FSM 309; FSM 311;
Fsm 11H3 213; FSM 314; FSM 316; FSM 318; FSM 322;
FSM 323; FSM 1360; FSM 1387-2NL; FSM MC7; FSM MC8;
FSM MC9; FSM MMLO and FSM MM L 10. A food product
cont &. i pigrgatisdleastcoadiag phélgien 1 Si¥pasifedAUndeOmE kéfeten¥d CRCM
20 substantial lytic potential towards E. sakazakii,
wher dfH3#he phage isolate or cocktail is according to
cI ai 1

P%‘A% %ﬁa%]pgpgnﬂ%'%l &nta‘?@g g{ sg%tne ?ﬁ%%ér i?blgg deQofilf) Bone of
l(hut riddimsal tec8npdsdlt infects at [east 8(l%d),f B diketakiiystrains from the

"L raareing o B b Tsbaath Sy SRR TS W Yom

13, mgr BERL-2 Y@ I M- ﬁ@SPQI\m@@@MJz%anmﬁEIﬁMmO FSM-

mlk, éSI%burt a curd, a cheese a fresh ch eese,

fer me$le P RSM-286¢ EfMe238%d RRMH290aF 8V 282; F@M‘QIW, FSM-
b f Rt )
ased oROYEeS. 30 (f‘rlrélxﬁ L _Fé% ; FshaPs: BV d c?géiDtSM 311; FSM-

powdered I n fornu ood pro
lﬁccoBdBn@SMe3m:|e“SM 3t6 aIFSM 318; FOMLR2; IRSMMIDBESNIE 360; FSM-

hage cki is in an anount effective
ol grg&jﬂ CESHEMIZE E8Mae®; | Fot M FEMBMIT and Fsm-

MM11.

10. A food product containing at least one phage isolate or cocktail with
20 substantial lytic potential towards E. sakazakii, wherein the phage isolate or

cocktail is according to claims 1 to 9.

11. A food product according to claim 10, in the form of a milk based
product, a nutritional composition, a pet food, a dietary supplement or any

25 food at risk of contamination by E. sakazakii.

12. A food product according to claim 13, wherein themilk based product is a
fermented milk, a yoghurt, a curd, a cheese, a fresh cheese, a fermented
product, a renneted milk, a drink, a milk based powder, an infant formula or a

30 dried powdered infant formula.




outgrowt h of E. sakazakii in said product. 5 14. A

food product according to claim15, wherein the phage
isolate is present in an anount of at |east 1.104 pfu
per mM, or gramif solid, of the food product. 15. An
agent for decontam nation of fgpd product by

prevention of contam nation and outgrowth of E.
sakazekiA f@aobra&wttaaédr@l ?QI’ oh@&F ela¥msl 91 %1\14 J ANWEiGh the phage
whi ch conprlses an ef ive amount of at |east one
phagdsolptgragaskesil @ol@kalaamoamcdf@nﬁg te preyiest eéntainiiatien and
lto ILhag to claim15, wherein

t he p(ﬁ‘t égllms@f%?glwzgk gaé%%’m%ﬁ anmount of at | east
1.104 pfu per , or gramlf SO|Id 15 17. An agent

accor di ng to cI aim15 or 16, wherein the food product

Ts a M Pdood radychacsanding toslpim 19 whercky the phege isplate is present
h ,
Y oF s afidhtl o fGRRERCY 10,8 B D 8P B bt 7R Koo prpduct

powders, an |nfant fornula a dried powdered infant
formul a; ,.a non-m | k 20 fernented _ product; a soy-based
e 5%

product , AR AL 1oF ofiepontagiingtion o Sflrg?mdb?to@éic?revﬁnﬁon of
chil |c%ﬁta9{1ne§tf3ﬁ| En&tcﬁﬁ‘ér%\a;ﬂ‘?vo?r £9 ‘%akd&@kz?r dS SdHPeatifn . of ﬁctory
dietary supplenent, a neal replacenent, a nutritiona

1par cnnvaomomte@\tln@nemmpn@srmt efffenticre mnmjmn:tof @ leasteme phage

or sweet.ened an ice ea confectionery

bar, 1%0 %%I?F%%Cl?( ]gaecrcglglmg'ioa%é’%(alnﬂglgoa%r nutritional
suppl enment for clinical nutrition or any 25 food at

ri sk of contam nation by E. sakazakii. 18. Use of at

| eastlboA8 agpRigecordbiede e aém Idowieersin the pbegedisplgtetis peasent in an
of cl f Q t of f ood

pr odlﬂdﬁg%f tsl,%rsl?% é{) fu ?8’? O?gg[r}@w gﬁw ronnent. 30

1319. The use according to cl aim 18, V\herel n the food

ﬁ]r FELﬁt Ay&éﬁ%r%clcgréi%}?gsﬁ)%lalg ]gﬂ rqm oef gr 2% gda milk

m | k pagsiegrdagetrantie s P Q%&:d fnﬁﬁnﬁt bt l&urdjrdh@gs% fresh
m | k based povvders
cheese, milk based fermented products renneted milk, drinks, milk based

powders, an infant formula, a dried powdered infant formula; a non-milk
20 fermented product; a soy-based product, a nutritional formula, a dairy
product, a chilled or shelf stable beverage, water, soup, a dietary supplement,
a meal replacement, a nutritional bar or a confectionery, a pet food product, a
sweet or sweetened beverage, an ice-cream, a confectionery bar, breakfast
cereal flakes or bars or nutritional supplement for clinical nutrition or any

25 food at risk of contamination by E. sakazakii.

18. Use of at least one phage isolate or cocktail according to one of claims 1
to 9, for decontamination of food products and sanitation of factory
environment.

30

19. The use according to claim 18, wherein the food product is a milk based

product, such as a fermented milk, a yoghurt, a curd, a cheese, a fresh cheese,

milk based fermented products, renneted milk, drinks, milk based powders,




an infant fornmula, a dried powdered infant fornula; a
non-m |k fernmented product; a soy-based product, a
nutritional formula, a dairy product, a chilled or
shel f stabl e beverage, water, soup, a dietary

suppl enent, a neal replacenenp4 a nutritional bar or
a confectionery, a pet food product, a sweet 5 or

sweet@npdar feandgca daiddifoRvdef<dailan® f&N18C4 nBASKIK R¥fmented
br eakf ast cereal flakes or bars or nutritional

suppl REAHAL & #1y-kaspe prosiuct ampiritiospl fermulaya ﬂ@@ﬁd pepdugt, a chilled
ri sk of t y S akj i Use  of

K R AN T R by BTy,
1to Igplacennetdn,ea ﬂ\ﬁtmnbﬂmafaﬂbt aRoftectionesNAGRt fddd roduct a sweet

éntended to % vent or treat infections cause
ak a2 KIWeeteReH hRuiagso ranaWFﬁ’éqagla azqon qqﬁl@n@ryebaacb@alaﬁaﬁgcereal
to ongf of bl rﬁ@rlﬁ(ﬁla?glg%ﬂfl f?p%ﬁrﬁgal %ﬁ@tfod 810131‘@1 food at
is present In an anount Iclen

cont amkrdicomamanation by dF. estdaakif. 15 Enterobacter
sakazakii. 22. The use according to one of clains 18

to 21, wherein the phage isolate or cocktail is used

i N arpeaRs Bf atkadlont ASe 1%01&@%09&‘&11)%@5 ok of 2fhirdS1 189, in the
met hod for decontam nation of products or
1@ ani tm@l?a@WO@fOffaa@nmoyltloenwmﬂdrte rmevemmrdreac tnfgatiope saused by
usi n hage olate or cocktail wth
subs?%%% ?&?%ﬁﬁg&nptég? Stowards E. sakazaki i

wherein the phage isolate is according to one of

' 25 24. A nethod for selection of phage

cl ai 1 to 9.

sol de T Bt dsqslitinio e ofgiavas g)&ttce%@ i Whigltha pbsgeasolate i

sakazgkd. htﬁPQé%ﬁ&ﬁ@ o] r

the ability to In egt Cll i tgeﬂ? ‘g:gg? g@g{:atﬁg}rl%? &Ré%% of
15t r aifiwgerobadter sebkakski i from the group consisting of

FSM 16; FSM 33; FSM 261; FSM 265; FSM 266, FSM 269;

FSM 270; 30 FSM 271; FSM 272; FSM 273; FSM 274,

FSM 280Thé G R83:disSM ARt cls 28 2F3Mhc?88: thézéll}él\%%g%late or

FSM 292, FSM 297; FSM 298; FSM 300, "FSM 303; 305;

FSM 3ogktaiFSsedd arrene @it of aHent 319° pfager 814;  FSM 316;

FSM 318; FSM 322; FSM 323; FSM 1360; FSM 1387- 2NL

20 23. A method for decontamination of food products or sanitation of factory
environment, which comprises using at least one phage isolate or cocktail
with substantial lytic potential towards E. sakazakii, wherein the phage isolate

is according to one of claims 1 to 9.

25 24. A method for selection of phage isolate with substantial lytic potential
towards E. sakazakii consisting of screening phage isolate having the ability
to infect:

i) at least 9 bacterial strains of E. sakazakii from the group consisting of
FSM-16; FSM-33; FSM-261; FSM-265; FSM-266, FSM-269; FSM-270;
30 FSM-271; FSM-272; FSM-273; FSM-274; FSM-280; FSM-281; FSM-284;
FSM-286; FSM-288; FSM-290; FSM-292; FSM-297; FSM-298; FSM-300;

FSM-303; FSM-305; FSM-308; FSM-309; FSM-311; FSM-313; FSM-314;
FSM-316; FSM-318; FSM-322; FSM-323; FSM-1360;FSM-1387-2NL ;




25 FSM MC7; FSMMC8 ; FSM MC9; FSM MMLO and
FSMMML1, in a test on solid nediumusing the spot
assay test and, ii) at least 9 bacterial strains of E
sakazakii fromthe group consisting of FSM 16;

FSM 33; FSM 261; FSM 265; FSM 266, FSM 269; FSM 270;

5 FSM 271; FSM 272; FSM 273 ; FSM 274; FSM 280;

FSM ZB5V-NIEVE BSKE-MEIV XM, MESVHRBB MNP h4S @Sl\fﬂ‘ﬂ'f[@?%n a test
FSM 297; FESM 298; FSM 300; FSM 303; FSM 305; FSM 3

. FSMIBOYA nreginm nsing tepvpel assaFes B4 FSM 316

Fon vt It B teridl iR JECHTRI T RSB S Somssfins of

i quiESMéIl(E MESNB3, FSM-261; FSM-265; FSM-266, FSM-269; FSM-270;

5  FSM-271; FSM- 272; FSM-273 ; FSM-274; FSM-280; FSM-281; FSM-284;
FSM-286; FSM-288; FSM-290; FSM-292; FSM-297; FSM-298; FSM-300;
FSM-303; FSM-305; FSM-308 ; FSM-309; FSM-311; FSM-313; FSM-314;
FSM-316; FSM-318 ; FSM-322; FSM-323; FSM-1360; FSM-1387-2NL;
FSM-MC7; FSM-MC8; FSM- MC9; FSM-MM10 and FSM-MM11, in liquid

10 medium.




