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Use Of A Therapeutically Effective Amount Of Bb-12 And LGG In The
Preparation Of A Medicament For Preventing Or Treating Respiratory
Infections And Acute Otitis Miedia In Infants

BACKGROUND OF THE INVENTION
[6001] This application claims priority to United States Provisional

Application 60/584,830 filed July 1, 2004, which is incorporated by reference
herein in its entirety.
(1) Field of the Invention

[60G2] The present invention relates generally to a method for preventing or

treating respiratory infections and acute otitis media in infants.
{2) Description of the Related Ari
[060G3] Respiratory tract infections are extremely common, especially among

- infants. In the first year of life, infants are prone fo recurrent respiratory tract

infections, often expetiencing between three and six infections during that year
alone. About 6% of infants less than one year of age are hospitalized for lower

_ respiratory tract infections each year in the United States alone.

fo0o4] Respiratory infections and their symptoms can range from mild to
severe, depending on the type of virus and the location of the infection. Upper

respiratory infections often manifest themselves as common colds, causing

- inflammation and swelling of the lining of the nose, throat and sinuses.

influenza, commonly known as the flu, is a highly con‘fagious viral infection of the
upper respiratory fract. Symptoms of the fiu include fever, chills, headache,
muscle aches, dizziness, cough, sore throat, runny nose, nausea and diarrhea.
Another upper respiratory infection, croup, causes a very deep cough and
varying degrees of breathing difficulty, primarily when inhaling.

[0B05] Lower respiratory infections are generally considered more serious
than upper respiratory infections. Respiratory syncytial virus (RSV) is the most
frequent cause of lower respiratory tract infections in infants and children

younger than four years of age. Van Woensel, J., et
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al., Viral Lower Respiratory Tract Infection in Infants and Young Children,
BMJ 327:36-40 (2003). This is such a common virus that virtually all
children have been infected with RSV by the age of three. In tostinfants
and children, RSV is a mild respiratory infection that is ind%stinguishabfe
from a common cold. It usually causes nasal stuffiness, nasal discharge

‘and cough.

[0006} Protection against RSV involves both T- and B- cell responses,
antibody responses (IgM, 1gG, and IgA), as well as other immune system

responses that are activated by bacterial and viral infections. A fink

between RSV infecﬁon i irﬁfancy and the de\iebpment of recurrent
wheezmg, asthma and atopy later in childhood has been suggested.

Tht.a fimiting RSV infections could prevent serious’ resplratory

comphcatxons which extend well into childhood.

{00067] Bronchms tS a lower respratozy infection that affects the

bronchial tubes, _causmg narrowing and swelimg due to viral inflammation.

- Bronchiolitis is simil_ar'to bronghitis, but occurs primarily in infants. 1t is an
“inflammation of the smaller caliber tubes of the branching network of
“brochi. The infection causes labored breathing, frequent and dramatic

coughing and wheezing and ‘may require hospitalization.

J0008]  The lower respira‘tozy infection that is probably the most serious
for infants is pneumoma Pneurnonia is caused by an mfectzon inthe

aiveoli, causing them to become filled with i fitiid; often of a thick purulent -

- nature, that mterferes with proper exchange of carbon dioxide. The
. severity of the pneumoma will depend on the amount of lung tissue

involyed.

10009} - Most upper and lower respiratory infections are cat.zsed by

. viruses for which no spec;f ¢ prevention or freatment is currently avaiiabiﬁ

Some respiratory mfecttons including influenza, may be prevented with a
vaccination. However, even when vaccmatzons are developed for specific

respiratory infections, they are expensive and-no’z umvarsaliy available.

Similarly, drugs to treat these infections have fimited availability and are
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expensive. Thus, it would be useful to provide a non-medicinal method for
the treatment or prevention of respiratory inféctions in infants.

[00010] Frequent respiratory tract infections are often associated with
acute ofitis media (AOM}, alse known as middle ear infection. AOM is
characterized by an acute, shoft course of inflammation and fiuid in the
middie ear. AOM can be accompanied’by rhinifis, cough, fever, sore
throat, ear ache, hypacusis, restiessness, irritability, loss of appetite,
vomiting or diarrhea. Purulent otorrhea through a perforated tympanic
memibrane is also considered to constitute AOM.

100011} Fifty percent of children have had at least one episode of AOM |
by one year of age. 5ighiy'pércent of children have had at least one
episode by their third blrthday Between one and three years, 35% of

. children will have had recurrent episodes of AOM.

[00012] AOM canbe caused by viruses or bacteria. The most common
Eac,teriat strains that cause AOM are Streptococcus pneumoniae (35% of
cases), Haemophilus influenizae (30% of cases) and Moraxelia catanhaiis‘
{10% of cases). Because bacterial strains ffequenﬂy cause the infeéﬁon, A
AOM is commonly treated thma:gh the administration of antibiotics. In

- fact, more antibiotic prescriptions are written for AOM than for any other |

disease in infancy. The disadvantage to this widespread antibiofic
treatment is the development of antibiotic resistance. For example,
between 20% and 40% of S. pneumoniae strains aré resistant io

'penicillins and cephalosporins. Similarly, beﬁmeen 30% and 40% of H.
" influenzae and about 90% of M. catarrhalis strains have 'deve!dped
antibiotic resistance.
[00013] - Due to the prevalence of anfibiotic resistance among -
‘pathogenic. bacteria, the American Academy of Pediatrics and the

American Academy of Family -Physiéia‘ns have developed guidelines
suggesting a limited prescription of aniibiotics. for AOM. Amef‘f"can
Ac:adem-y-of Pediafrics and the American Academy of Family Physicians,
qucommitfee on the Mahagemenf of Acule Ofitis Media, Clinical Practice
Guideline (March 2004), available at
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http:llwww.aafp.erg/PreBuilt/ﬁna!_aom.pdf. Therefore, as antibiotic
therapies become more limited, it is important to provide alternative
therapies to decrease the incidence of this painful and serious condition in
infants and young children.

[00014] In a meta-analysis of data from multiple studies, results indicate
that breastfeeding may have a positive effect on the frequency of both .
infant respiratory infection and AGCM. Specjﬁcaiiy, @)ne study indicated that
the feeding of many currently available infant formulas may be associated
with a 3,6-fold increase in risk of infant hospitalization for respiratory
infection when compared to at least four months of exclusive '
breastfeeding. Bachrach, V., ef él., Arch. ?ediatr. Adolesc. Med. 57:237-

|43 (2003). Additionally, infants who are breastfed have been shown to

have significantly fewer (about 50%) episodes of AOM than do infants who
are exclusively formula-fed. Duffy, ef al., Pediatr. 100(4):E7 (1997). ._
Thesé differences may be attributed to the fact that hbman milk promotes
the growth of beneficial bacteria such as Lactobacilli and Bifidobacteria.
Duffy, et al., Dig. Dis. Sci. 44(8):1489-1505 (1999). ‘

{906‘151 It has been shown that the microfiora of breast-fed infants
contains predcfninanﬁy Bifidobacteria. In contrast, the micfoﬁota of
formula-fed infants is more diverse, containing Bifidobacteria and

Bacteroides as well as the more pathogenic species, ‘Stéphylococcu's,

' Escherichia coli, and Ciestridia. The varied species of Bifidobacieria in

" the stools of breast-fed and formula-fed infants differ as ' well. A variety of

factors have been proposed as the cause for the different fecal flora of
breast-fed and formula-fed infants, including the lower content and

different composition of proteins in human milk, a lower phosphorus

- content in human milk, the large variely of oligosaccharides in human milk,

and nﬂmerous' humoral and celluar mediators of immunclogic function in-
breast milk. Agostoni, et al., Probiotic Bacteria in Dietetic Products for
Infants: A Commentary by the ESPGHAN Committee on Nutrition, J.
Pediatr. Gastro. Nutr. 38:365-374 (Apr. 2004), Regardless of the cause
for the differing bacterial populatio=s, it is clear that breast milk has a

4
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measurable benefit in the treatment or prevent?on of respiratory infections
and ADM.

[00016] Both the American Academy of Pediatrics and World Health
Organization advise mothers to breastfeed for between one and two
years. |n developed counfries, however, these recommendations are
sometimes difficult for working mothers to follow. In the United States, for
example, 53% of lactating mothers introduce formula before their babies
are a week old. By four months of age, 81% of infants receive farmula on
a regular basis. Fewer than 5% of American infants are being breastfed at

- twelve months of age. Woif; J., Am. J Pub. Health 93:2000-2010 (2003).

[00017] One way to encourage gut colonization with beneficial

microorganisms in infants that are formula-fed is through the

_ administration of probiqﬁc bacteria. Prabiotic bacteria are living

microorganisms that exert beneficial effects on the health of the host. -

~ Lactobaciflus spp. and Bifidobacterium spp. are among the common
* species of probictics. Probiotics such as these have been shown effective

in treating various gastroin’:es‘zinai disorders.
[00018] For exampie U.S. Patent No. 6,613 549 to Reid relates to tha
use of probiotic m;croorgamsms such as Lacfobaciljus and

'Blﬁdobactenum in treating intestinal infection in infants. The patent does

not, however, teach any treatment of infecﬁéné outside the intestinal tract.

* While probictics have been effective in decreasing the incidence of

diarrheal disease and rotaviral shedding in hdspitatized infants, a probictic -

-combination of B. facfis and S. thermophilus 'did not show a significant

effect in terms of decreasing the ffequency of overail incidents for which
healthuare attention was sought. Saavedra, ef ai Am. J. Clin. Nutr,

 79:261-67 (2004).

[00018] U.S. Paient Apps. Nos. 20040057965 and 20030186260 to
Clancy, et al. describe the administration of an antigen and a probiofic to

treat mucosal infections such as respira’fory tract infections. Similarly,

- U.S. Patent App. No. 20040265291 to Drake, et al. relates to a method of

inhibii‘mg or reducing chronic or upper 'respira’cory infection and ear
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infection through-the administration of a bacteria, a bacteria nutrient, and
an antimicrobial agent. Thaée references ! howevar relate solely to adult
administration and do. nct disclose the admlnlstratimn of probiét;cs o |
infants to treat resp;raiory tract infections or AOM »

Jo00201  The gut microflora in infants is known to be far less developed

than that of an aduff. While the microfiora of an adult human consists of

‘more than 10" microorganisms and nearly 500 spﬁcies some, being

harmful and some being beneficial, the microflora of an fnfant contains
only a fraction of those mucroorgamsms ‘both in absolute number but afso
in species diversity. Because the bactenai papufaﬁeﬁs and species vary
so immensaly betWeen the gut of an m’r’ant and fhe gut of an adutt, it

. carnmnot be assumed that a probroi:c admmzstraﬁon des:gned for arn adult

would necessaniy be beneficial fof an infant. -

ooo24] it wouid be benenmai therefore 1o p;owde a prob;obc remedy

_ for the reatment and mr prevention of resplratory mfect:ons and AOM in

infants, o
’ ( SUMMARY OF THE mvgﬂTtoN
[00022] Briefly, the present disclosure is directed to a novei method for

prevenﬂng or treating resp;ratury mfecttons in ;nfants comprising
admmtstenng to the infant a therapeutically effeciwe amount .of at ieast

-one Bifi dobacfenum spec:es in can}unc:twn with a‘t ieast oné problotic

bacierial spemes that promotes the growth and aﬁhersme thn selected

. strain of Bif dgbacteﬁa in th,e intestine. In one embodiment, the

Bifidobacterium species can be chosen from amoag'the Bifidobacteria that
demonstrate_.immdncmaduiatow properties. These 'spé*cies may include,
for example, B. bifidium, B. adolescentis, B. animalis, B. laciis, B. infantis,

 B. iongum and B. thennopht!um A particular species useful in the

present invention is B. !a"tzs Bb-12.
[00023]  Inone embodiment, the probiofic that promotes Bifidobacteria

adherence is a member of the Lactobacillus specias such as, for

“example, L. rhamnosis GG (LGG), L delbrueckii subsp bufgancus ora

combmation of both



In one aspect, there is provided an infant formula for use in preventing development of

respiratory infection and/or acute otitis media, the infant formula comprising:

a lipid or fat;

a protein source selected from the group consisting of whey protein, casein protein,
nonfat milk, and hydrolyzed protein;

one or more Bifidobacterium species comprising Bifidobacterium lactis Bb-12; and

one or more bacterial species comprising Lactobacillus rhamnosus GG.

In another aspect, there is provided an infant formula for use in preventing development of

respiratory infection and/or acute otitis media, the infant formula comprising:

a lipid or fat;

a protein source selected from the group consisting of whey protein, casein protein,
nonfat milk, and hydrolyzed protein;

one or more Bifidobacterium species; and

one or more adherence-promoting probiotic.

In another aspect, there is provided the use of the infant formula as defined herein in the
manufacture of a medicament for preventing development of respiratory infection and/or

acute oftitis media.

In another aspect, there is provided the use of the infant formula as defined herein in the
manufacture of a medicament for preventing development of respiratory infection and/or

acute oftitis media.
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(0600241 The p-fesent invention is also directed to a novel method for
preventing or treating acute ofifis media in infants, comprising
administering to the infant a therapeutically effective amount of at least
one Bifidobacterium Spéo'ses and at least one probiotic that i:romotes the
growth and adherence of the selected species of Bifidobacteria to
intestinal mucosa.

[00625] The invention is also directed to a novel method for preventing
or treating recurrent respiratory infections and recurrent AOM mfectmns m
infants. The method comprises administering fo the infant a
therapeutically effective amount of at least one Bifidobacterium species
and at least one probiotic that promotes the growth and adherence of the
selected speciés of Bifidobacteria to intestinal mucosa.

- [00026] Among the several advantages found to be achieved by the

present invention is that it provades a'method for preven‘img or ireating
respiratory mfectlons in infants: without the neoess;‘cy of admmtstenng
unavailable or costly medications or vaccinations. The invention aiso
provides a method for preventing or treating AOM without the necessity of
administering antibiotics that may cause resistance among pathogen:c
bac‘iersal species.’

BRIEF D%SCRIPT!ON OF THE DRAWINGS
[00027] Figure 1is a graph indicating the effect of probiotic

suppiementation on the development of an AOM apiscde during the first.
year of life. ‘

- [00028] Figure2isa graph indicating the effect of probtot:c

supp!emeniatlon on the development of a respiratory infection during the

first year of lite. | . -
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[000629] Reference now will be made in detail to the embodiments of the

invention, one or more examples of which are set forth below. Each

example is provided by way of explanation of the invention, not a itmltation
of the mventton in fact, it will be apparent fo those skliied in the art that

various modifications and variafions can be made in the present invention

7
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without departing from the scope or spirit of the invention, For instance,
features i!lustratéd or described as part of one émﬁod-iment, can be used
on another embodiment to yield a still further embodiment. _
[00030] Thus, itis intended that the present invention covers such
modifications and variations as come within the scope of the appended
claims and their equivalents. Other objects, features and aspects of the
present invention are disclosed in or are obvious from the following
detailed description. It is to be understood by one of ordinary skill in the

- art that the present discussion is a description of exemplary embodiments

only, and is not intended as limiting the broader aspects of the present
invention.

Definitions _
[00031] As used herein, the term “freafing” means ameliorating,
:mprovmg or remedymg a dlsease dtsorder of symptom of a dxsaase or

~ condition.

[00932] The term “preventing” means stoppmg oF hmdenng a dssease
dssorder or symptom of a disease or condition thfoagh some action.
[o0e33] Theterms “therapet.txcaily effective amount” reter fo an amonnt
that results in an improvement or remediaﬁon of the disease, disorder, or
symptoms of the disease or condition. '

[00034] The term “infant” means a human that is less than about 2

yvears old.

A [60035] The terms “respiratory infection” or resplratcry ﬂiness” mean a

disease or infection affecting the group of organs responsible for carrying
oxygen from the air fo the bioodstream and for expeliing carbon ;iidxide.

{000361 * The term “probiotic” means a microorganism that exerts
. beneficial effects on the health of the host. It can be a five microbial fed

suppiéméni that beneﬁcia!ly affects the host by improving its intestinal
microbial‘baiance a microbial-prnparaﬁon‘ thaf contains Iive-or dead
bacteria, or a combmation of both Live organisms are oﬁen preferred, as
they produce a compiete array of ant;gens reproduce to increase the

number of such organisms in the intestinal environment to promote

8
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mucosal inferaction, and may éd here to the iniestinal tissues to better
stimulate a mucosal immune response. _
[00037] The term “prebiotic” means a non-digestible food ingredient that
st’rmuiates the growth and/or activity of probiotiés, ‘
[00038] The term “racurreht” means 3 of more occurrences of infection
during one year. '

[00039] As used herein, the term “infant formula” means a composition |

that satisfies the nutrient requirements of an infant by being a subgtitufe .

for human milk. In the United States, the contents of an infant formula are
dictated by the federal reguiations set forth at 21 C.F.R. Sections 100,
10& and 107. These regulations define macronutrient, vitamin, mineral,
and other ingredient levels in an effort to stimulate the nulritional and other
properties of human breast milk. ' |
Invention
{30040] In accordance w:th the present mvemtion a novel method for
preventing or treating respiratory infections in infants has been developed.
;E'he method comprises administering to the infant-a fherapeuﬁgaily-

effective amount of at jeast one species of Biﬁdobaéfeﬁa such as Bb-12,

- and at least one probiotic, such as LGG, that promotes the adherence of-

the se!ected Blﬁdobactenum strain to the mtesiznal mucosa.

{00041} Bifidobacteria are gram-positive anaerobes that operate int the

-lower patt of the di 1gesiwe systern. They are non-motile, ncm»s,pore

forming and cataiase«-negat;ve. They have various shapes, including

' short, curved rods, club-shaped rods and bifurcated Y-shaped rods. They
~are clessified as lactic acid bacteria due to their production of lactic acid
during carbohydrate fermentation. '

‘EOOM:Z} in one embodiment of the present invention, the

Bifidobactenium species can be chosen from among the Bifidobacteria that

" demonstrate immunomodulatory properties. These species may inciude,

for example, B. bifidum, B. adolescentis, B. animalis, B. lactis, B. infantis,
B. longum, and B. thermophilum. A particular strain. of Bifidobacteria that
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is useful in the present invention is B. lactis Bb-12, availabie from Chr.
Hansen Biosystems, located in Milwaukse, Wi,

[00043] in one embodiment.of the invention, the probiotic tglat promotes

“the adherence of 8iﬁd‘obacteﬁa to the intestinal musoca can be a member

of the genus Lactobacillus. Lactobacilli are gram-positive facultative
anaerobes. They are non-spore forming and non-flagellated rod or
coccobacilii. Any species of Lactobacilfi known in the art can be used in
this embodirﬁent. For example, the adherence-promoting probiotic can be

- LGG, L deibrueckii subsp. bulgaricus, or a combination of both.

500044} LGG is a Lactobacillus strain isolated from healthy human
intestinal flora. It was disclosed in U.S. Patent No. 5,032‘,399 to Gorbach,

- ef af., which is incorporated herein in its entirety, by reference thereto.

LGG is resistant to .most ant_ibioﬁcé, stable in the presence of acid and
bile, and attaches avidly to mucosal celis of the human intestinal fract. It

. survives for 1 iq 3 da‘ysr in ‘most individuals and up to 7 days in 30% of -

subjecté. In addition to its colonization abiﬁty, LGG also beneficially
affects mucosal immu_né responseé. LGG is deposited with the depqéitory'
authority American Type Culture Ca‘ii‘ecﬁen under accession number . '.
ATCC 53103, | | | ‘ |
j000451 - L. delbrueckii are Gram-positive; facultatively anaerobic, non-

‘motile and non-spore=forming, roc&sh'apedmiptborgénisms. Like other

lactic acid bacteria, L. delbrueckii are acid tolerant, cannot synthesize

A porphyrins, and possess a st;ictiy fermentative me_taboliém with lactic acid

as the major metabolic end product. L. delbrueckii species contain three
subspeéies, L. de!brueckii subsp. delbruecki, ... delbrueckii subsp. factis,
and L. delbrueckii subsp. bz}lggricus. :
[00046] Generally, the adherence rate of selected Bifidobacteria to
intestinal mucosa is around 18%. Previous studies have indicated that
certain bécterial sp'ecies can promote the adherence of Bifidobacteria to-
the imésﬁnal mucosa. Juntunen, M. et al. Clin. Diag. Lab. immunol. .
£:293-96 (2001). In the presence of two. Lactobacillus species in

- particular, LGG (ATCC No. 53103) and L. delbrueckii subsp. bulgaricus

10
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(available from Valio Ltd., Finland), the adherence of Bifidobacteria
increased from 18% to 44% and 45%, respectively. /d. Though not

wishing to be bound by this or any other theory, it is believed that these

Lactobacillus strains coaggregate and thereby increase the adherence of
Bifi dobacterta fo the intestinal mucosa and their residence time within the
intestine.

[00047] According fo the method of the present invention, when a strain |
of Bifidobacteria is provided invcombination.with«at least one adherence-
promating probiotic, there is a decrease in the number of respiratory and
AOM infections in infants fo whorn the conibination is provided.

J00048] - In the present invention, the form of administration of the

Bifi dobacfena strain and the adherence-promoting probiotic is not crifical,
as long as a tharapeuﬂcaiiy effective amount is administered fo the infant.
Most conveniently, the Bifidobacteria strain and as;'herenc&pmmotmg

..probiotic can be suppieménted inte an infant formula which can then be '
. fed to an mfant. '

[006049] in an. emboasment the infant formu&a for use in the present
invention is numtsonaliy complete and contains suitable types and

. amounts of-lipid, carbohydrate, prote-in,'vitafﬁins and minerais. The

amount of lipid or fat typicaliy can vary from about 3 {o about 7 gH100 keal.
The amount of protein typically can vary from about 1 to about § g/100 |

cal. The amount of carbohydrate typically can ,vary"from' about 8 to about
12 9/100 keal. ‘Prote;n sources can be any used in the art, e.g;, nonfat

- milk, whey protein, casein, soy protein, hydrolyzed pro‘ceih partialty
: hydroiyzed pro’fem amino acids, and the llke ‘In one embodiment; the
_protein is a combination of. whey protein and casem in a ratio of 60:40.

. Carbohydrate sources can be any used in the ait, e.g., lactose, glucose,.

corn syrup solids, maltodexirins, sucrose, starch, tice syrup solids, and the

like. Lipid sources can be any used'in the art, e.g., vegetable oils such as

palm oil, soybéan oil, |:J:-gls'rl.e:hka-ins coconut oil, medium chain triglyceride oil,

high oleic sunflower oil, high oleic safflower oE{,:énd the like.

1
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- [00050] Conveniently, gommem’xally available infant formula can be

used. For example, Enfalac, Enfamil®, Enfamil® Premature Formuia,
Enfamil® with !ron;'i.actof‘ree@_), Nuﬁ’amigen@, ?rages’iimil@, a’;nd -

ProSobee® (available ffom Mead Johnson & Cofripany; Evansviiie, IN,
U.S.A.) may be supplemented with suitable levels of the Bifidobacteria

strain and the adherence-promoting probiotic and used in practice of the

method of the invention.

[00051] The infant formuta of the present mvention may contain
ingi"ediants designed to promote the growth of Bifidebacteria within the
intestinal mucosa. For example, Bifidobacteria require ferrous iron,
riboflavin and biotin for growth. These may be provided in combination
with other ingredients in the infant formiﬂa ' o A

[00{352} As an alternative *i'o an infant formua administration, the
B:ﬁdobactena strain and the adherencepmmonng probiotic can be

. administered as a supplemen{ not integrai to the formuia feeding.

[06053] The present invention can be used to treat or pre»v‘e-nt .
respiratory infections or AOM in infants that are exc%usivé’iy formula-fed or

- in infants that are fed a combinéﬁon dief of breast milk and infant forr‘nuia.

{00054] ina partncuiar embodament of the invention, at least one’
prebiociic.can be suppiemented into the infant’s dist in combmanon with

‘the Bifidobacteria strain and adherence«pmmctmg probroilc._ Inthis -

embodiment, the prebiotic can be any preijioﬁc iknm’nm in the art. ina’
particular embodiment, the prebiotic is selected from the group consisting
of galacio—ohgasacchande inulin, fmctmirgosacchaﬁde lactulose,
neosugars, and ‘combinations ‘therecf .
[008351 Inan embodlment of the present invention, the Bifi dobactena _
siram and the adberence—promotmg probwtcc are supplemented into the

- diet of the infant from birth until the infant reaches about one year of age.

in another ambodiment-of the present invention, the Bifidobacteria strain

~and the adherence—promotmg prob:e‘txc are suppiemented into the diet of
‘the infant from birth until the infant reaches ‘about three years of age
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- [00056] In an-embodiment, a therapeutically effective amount of the

Bifidobacteria strain and the adherence-promoting probiofic is befween
about 10° and 10" colony forming units (cfu). In another embomment a
therapeutically effective amount of the Bifidobacteria strain and the
adherence-promoting prabsat:c is between about 10° and 10% cfu. In an
embédiment, the therapéuﬁcally effective amount is administered daily. In
other embodiments, the therapeu’ticé!ly effective amount can be
administered every other day, weekly or monthly. The frequency and size
of the probictic dose will depend, for example, upon {he micrdorganism
chosen, the delivery vehicle and the inf_an{ fo whom the dose is
administered. ‘ ' - _

[00057] Itis well within the level of knowledge of one of skill in the art to
provide increased déséges as determined by those of skill in the art o be
safe and effective for an individual infant. Furthennore minimum amounts
may be varied based upon thelr combination wﬁh prebiotic compes:tsens
and other additives that may enhance the coiomza’czog of the
Bifidobacteria strain. ' '

{600581 in an embodirnent of the present invention, the ratto of Bb—‘¥2 to
LGG can be between about 10:1 and 1:10. In another embodiment of the
invention, the ratio of Bb-12 to LGG can be between 5:1 and 1:5. In yet
another embodiment of the invention, the ratio of Bb-12 to LGG can be
between about 3:17and 1:3. Ina parﬁcizkar embodimént of the invention,
the ratio of Bb-12 to LGG can be about 1:1. '

[00058] The probicﬁc organisms of the present invention can be
: -prowded asa pawder in capsular form, as a component-of an emulsion or
a paste ar in.any other suitable carrier determzned by these of skilf in the

artio be an eﬁectwe carrier for live macroorgamsms Powder

_-compositions contammg probsotsc microorgamsms can be pfowded n

mdwzduaiﬂpwches, for example, for admixing with infant formula or early

' foods. Capsules, for example, may be opened so that the contents can

be mixed with infant formtjla, strained foods, m illrk, juice, or other foods for
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providing a nutritional composition to an infant. An emuisxon or paste can
also be admixed into a vanety of foods. 4 ‘

[00060] In an embodiment, the supplementation of a B::fiddtlJactéria
strain and an adherenbépromoﬁng probiofic prevents or treats the

occurrence of upper respiratory infection, influenza, croup, respiratory

syncytial virus, bronchitis, bronchiolitis and/or pneumonia. In another

embodiment, the lsuppiementation of a Bifidobacteria strain and an

- adherence-promoting probiotic prevents or treats the occurrence of AOM.

[00081] A significant reduction in the incidence of early and recurrent

infections and the use of antibiotics during the first year of life was .
achieved by the particular prob?ot%c combination of the present invention.
The effect was most prominent With regard o respifatoéy infections and

- AOM, the most prevalent mfec’tton in infancy. This is shown in Flgures 1

and 2. These figures iliustrate that probiotic suppiementatron reduced the
proportion of children that develop a respiratory infection or AOM epzsqde
during tﬁe first year of life. The present in\ienﬁcﬁ was also effective in
reducing the occurrence of recurrent respi?étory infections and‘raéurrént
AOM infections. Moreovet; probiotics appeared to confer protection
against early infections, the importance of which culminates in the faéf that
the children devel oping frequent infections, mciudmg AOM, experzence
their first infection early. o .

[06082] The following exarhpies describe variéus embodiments of ihé -
-present invention. Othar'embadimenté within the scope of the claims
herein wsli be apparent o one skilled in the art from cons&deratton of the

specifi catson or pract;ce of the invention as disclosed herein. It is mtended '

that the specification, 'tiogeiher with- the examples, be considered to be
- exemplary only, with the scope and spirit of the invention being indicated

by the claims which follow the exampies. Inthe examples, ali‘pementages'

are given on a weight basis uniess otherwise indicated.
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Example 1
{Oﬂﬂssj This example describes the materials and methods necessary” -
to show the effect of a strain of Bifidobacteria and an adherence-
promoting probiotic on the frequency of respiratory infections and AOM.
[00064] The infants participating in the double-blind, placebo-controlied
clinical study conducted by the inventors were recruited in well-baby clinics
in Turku, Finland between September 2000 and May 2002. The scle

_inclusion criterion for the study was the need for infant formula before the

age of two months. Infants with chronic disease were excluded.
[00065] In total, 81 infants were block-randomized with individual codes
to receive either 1 x 10" colony-forming units of both Bifidobacterium

{actis Bb-12 and LGG or a microcrystaliine celiulose placebo daily until the

age of- 12 months. The daity probiotics or p?acabo were provzded in
\nsuaity identical capsules the contents of which were supptemented into
infant formula (Enfamil®, Mead Johnson Nutritionals, Evansvilie, IN). The

formula was'to be used as the sole infant formula during this period.

Maternal use of commercially available products containing probiotics was

. discouraged.

[ooos6e] Ciinical examination of the infants was performed at scheduled
visits at the ages of 3, 7, and 12 months. The foliow-up was completed by

' 72 of the 81 (89 %) infants enrolled. The mean age at the time of

withdrawal amongst the ¢ infants who did not pompiéi:e the fei;sw—.up was

2.9 months {range 1 5t07. {)) and, therefore, only the infants who
completed the study were mcluded in the analysis.

3{00967} To ascertain that the probiofics remained viable during storage
- microbiological analysis of-a random sample of capsules was performed

by microbiologist in a blinded fashion. Viable counts between 1 x 10° and"
1 x 10" per capsuie were found for both LGG and Bb-12.

[900683 - Al mfe_ctions during the study period were recorded in special
diaries by the family or the family physician. Respiratory infections, doctor-
diagnosed AOM, gastrointestinal infections, and the number of treatments
with antibiotic agents were separately recorded in detail. The primary
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outcome measure for the study was the incidence of early respiratory
infections, doctor-d:agnosecﬁ AOM, and gastromtestmai :nfectiens The
incidence of recurrent (def:ned as 3 or more occurrencms) lnfectlons ,
during the first year of life were considered secondary outcome measures.
Early or recurrent need for antibiotics were interpreted to reflect suspected

early or recurrent bacterial infections, respectively, and thus recorded.

: Tympanosfo_my before the age of 12 months was interpreted to indicate

frequent ear infections. Tympanostomy is é'surgicai procedure that
requires general anesthesia, but may bé necessary o avoid structural
damagé to the ear wh'ich‘may occur as the result of AOM. ' A
[00069] Al health problems in the study population during the first year

- of life were recorded in detail to distinguish ﬁehmeen symptoms of

diseases with infectiot.é. and non-ihfectious etiology. Gastro—esophageal

reflux disease as.a pcsszbke noninfectious cause of cough vomstmg, or

. increased fussing was confirmed or excluded using a 24-hour escnphageal

pH probe study. The diagnosis of cow’s milk allergy, a non—mfecitous

cause of gastrointestinal-or cutaneous symptoms was confirmed by a.

double-blind, placebo controlied cow’s milk challenge. Atopic eczema was
diagnosed using the criteria introduced by Hanifin. Hanifin, J.M., Atopic
Dermatitis in lnfants and Children, Pediatr. Clin. Nutr. Am 38:763-89

(1891). Atoprc sensitization was assessed by skm pnck testmg at the

ages of 7 and 12 months. The tes;ea antigens included t Darana, potato,
carrot, apple, wheat, rice, milk, egg, cod, soybean, and gliadin. The infant
was considered sensitized in case of one or more positive reactions at
either time point. |

[06070} " To asceriain compliance with the intervention, fecal sampiés -

. were collected at enmﬁrﬁeﬂt prior to probiotic supplementation and again

at the age of 3 months and stored at -86°C. Samples were available from
46 infants at enroliment and 45 infants at the age of 3 months. The fecal
samples were thawed and serially diluted in phosphate buffered saline (pH
7.2, 10mM phosphate). For the detection of LGG, dilutions were spread
on Rogosa agar (Oxoid, Bas‘ingstbke, UK) and incubated aerobically at
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37°C for four days. Typical LG colonies were purified and DNA was
extracted from the colonies. Strain identity was verified by polymerase
cﬁa‘m reaction. |

[00071] The data were expressed as means with range or medians with
IQR to give an estimate of the distribution of the data. The comparisons
between the groups at baseline were conducted using the Mann-Whitney
L) testand the xz fest. Logistic regression analysis was used to compare
the treatment groups with respect to early infections and recurrent
infections and recuirent need for artibiofic treatment during the first 12
moaths of life. The anaiyses of recurrent infections and antibiotic
treatmeni were perfon‘ned wn‘.h and without aci;ustment for other relevant
factors. Stepwise regression analyses were performed i in a forward
manner in ordsr to control for the relevant risk factors or confounding
factors. The treatment group was iforced fo the model and the other
factors infroduced o the _model were: gehder, mode of birth, duration of
exclusive br-éastfeeding; fotal duration of braas’tfeeding, older siblings,
matemal smoking, pet ownersth and family history of allergy. The criteria
for en’senng and removing a variable were: pfobabmty of F-to-enter = 0.10

- and F»to«remove > 0.15. The resulis are given in terms of relative rigk,

also known as risk ratio (RRJ, and 95% confidence interval (Cf). Kaplan- -
Meier curves were applied for the time without a respiratory infection and

time without an AOM and log rank test was used to compare the treatment
 groups. The data were ana!yzed using the SPSS (Varston 11. 5)

Example 2

' [00{372] This exampie illustrates the effects of. 853-?2 and LGG on the
frequency of respiratory infections’ and AOM. The baseime

-characteristics, shown in Table 1, were SImltar in :nfants rece;v:ng

probiofics and piacebc

17



Table 1. Baseline Characteristics and History

(B to 85)

Probiotics: ‘| Placebo
{n= 32) (=40} {
Boys 16 {50 %) 19 (48 %)
Gestational age ' 39.8 weeks 39.9 weeks
mean {range) {36.7 o 42.1) {35.1 10 42.3)
Birthweight 3440 g 3540 g
- | mean {range) {2300 to 4100} (2140 to 4580)
Otder siblings 15 {47 %) 24 {60 %)
Parental smokiug 18 (56 %) 1-22 {55 %)
Exclusive breastieeding 1.9 weeks . 1.9 weeks -
mean (range)’ (0.010 8.0) (0.0 10-8.0)
Total breastfeeding 1 2.0 months 2.4 months
‘1 mean (range) 1{(0.25 10 12.0) | {0.25.10'7.5)
Age at start of | 38days 35 days
itervention (rangs)

{2 o 59)

ik
o]

{00073] The mean age at start of infervention was 38 d‘ays (range 6-65)
in infants receiving probictics and 35 days in {_range 2-59).in infants
receiving placebo. The follew-up was completed by, 72 of the 81 (89%)
infants ehro!ied. The mean age at the time of withdrawal a%n‘c_ngsi the ¢
infants who did not complete the follow-up was 2.9 months (ré_ngé 1.5-7.0)
and therefore only the infants who COmpleted the study were.inc[uded in
the analysis. ‘ o

[00074] The study ,p&"o‘bibtics reduced the risk of early respiratory
infections and AOM as well as the need for. aﬁtibiaﬁc;-treétment during.-the
first 7 months of iife. These results are presented in detail in Table 2.
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Table 2. The Incidence of Infections during the First 7 Months of Life

Probiotics Placebo RR Adjusted RR
: (n=32) | {n=40) {85 % Ch {95 % Ch).
Respiratory | 22 (68%) 31 (78%) -0.85 0.85
infection . ) ' (04410 1.18) | (D44 f0 1.18)
AOM 7 (22%) 120 (50%) 0.34 0.31

(0.10t0 8.80} | {0.08 to 0.85)

Gastreintestinal | 1(3%) 8 (15%) 0.19 0.19
Infection (0.003 to 1.64) | (0.003 to 1.64)
Antibiotic 10 {(31%) .1 24 (60%) - 1'0.38 0.36° :
tUse . (0.14 10 0.92) | (0.111t00.91)

[008675] During the first7 months of fife, 25[32 (78%) of infants receiving
probiotics and 36/40 (9{3%) of mrants receiving placebo had encountered
at least one episode of acute mfectlon. Specifically, 7/32 (22%) infants
receiving probiotics and 20/40 (50%) of infants réceiving placebo -
experienced AOM. Antibiotics were prescribed for 10/32 (31%) of infants
recezvmg probmtlcs and 24/40 (60%) of infants recemng placebo. Dunng
the fi rst 7 months of fife, 22/32 (69%} of infants receiving probictics and
31/40 (78%).of infants receiving placebo had encountered at least one
episode of respiratory infection. Thus, prabi‘oﬁc supplementation |
éecreas@d‘the s'isk for early AOM respiratory infection and antibiotic use.,
The mczdence of gastrointestinal infections during the first 7 months of itfe
was low in both groups. ‘ .

[00076] In addition to effects during the first 7 months of sze probiotics
reduced significantly the incidence of recurrent infections du 'rmg the first
12 months of life. These results are shown in Table 3.

" Adjusted for maternal aliergies
T Adjusted for maternal aflergies and mode of birth
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Table 3. The Incidence of Recurrent Infections and Use of Medical
Interventions during the Fzrst 12 Months of Life

Probiotics Placebo RR Adjusted RR
(=32) (n=40} (95 % CI)_ {95 % CI)
Any Infection 22 {68%) 31 (78%) 022 . 0.47
(0.05-0. 98) (0.16 to 1.20)
Respiratory 9 (28%) 22 (55%) 0.40 g.48*
infection : ' (O 1410 0. 97) (0,15 i 1.20)
“AOM 4 (13%) 10 (25%) 0.47 . 0.54%
: . (0.10t0 1.58) | (0.11 to 1.88)
Aantibiotic Use 10 (31%) 16 (40%) 1 0.76 071
: - ) {0.30 {0 1.53) (.20 t0 1.74}
Tympanostomy | 0 (0%) 4 (10%) - 4.23 0.23

1 (WAt 191) J

[00079] -

(N/A to 1.21)

[00077] During the first 12 months of life, a total of 53/72 (74%) of
infants partlcipaﬂng in the study experienced.3 or more infections. More

: specifi caliy, 31172 {43%) of infants suffered from recurreni‘ respiratory

infections and 14/72 (18%) from recurrent AOM during this period,

Maoreover, 26/72 (36 %} of infants experienced a recurrent need for

antibiofic treatment. Probiotics significantly reduced the incidence of -

recurrent respiratory infections during the first 12 months of ife.

1000?8}

For example, 9/32 (28%) infants réceiving probioticé and 22/40

(55%) of infants receiving piacebo experienced three or mare respiratory

three or more incidences of AOM.

-infections. Of the infant recewmg probiotics, only 4/32 (13%) expanenceﬁ

in.contrast, of those infants receiving

placebo, 10440 (25%) axperiéncedthree or more incidences of AOM. In

addiﬁon,»,thaadministfaﬁon of probiotics tended to reduce the need for

tympanocstomy, performed either to prevent recurrent AOM Qi" to ﬁjea‘é

' secretory otifis media. None of the infants ?eceiving probiotics required

tymﬁéhosiomy during the first year of life, whereas the procedure was

performed on 4/40 (10%) of the infants receiving placebo.

Several factors were associated with the risk of recurrent

infections and recurrent need for antibiotic freatment. Having older

* Adjusted for older siblings and paternal allergy
§ ? Adjusted for older siblings- :
™ Adjusted for older siblings, maternal smokmg, pet owrership, duration of exclusive:

breastfeeding and maternal allergy
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siblings increased the risk for recurrent respiratory infections, the recurrent '
need for antibiotics, and tended to increase the risk for recurrent AOM
during the first 12 months of life. A family history of aliergy incréased the
risk for recurrent infections and maternal smoking was associated with
recurrent antibiotic use. The duration of exclusive breastfeeding had an
inverse association with recurrent antibiotic use. Pet ownership conferred
protection against recurrent infections and recurrent need for antibiotics.
Conseduenﬁy, the effect of probiofic supplementation on the risk of
recurrent infections during the first 12 months of life Was édjusted for
these factors.

[00080] - Gastro-esophageal reflux disease was diagnosed in 132 (3%
infants recaiving probiotics and 3/40 (8%) infants rebeiving placebo. None
of the 32 infants recéivfng probiotics had cow's rﬁiik allergy as oompafreé _
to 3/40 (8%) infants receiving placebo. In all, 4/32 (13%) infants receiving
prabiotics and 8/40 (.?,0%}.infanté receiving plaoebo' suffered from atopic

) eczema during the ﬁ_ré;t yéar of fife. Atopic sensitization was detected in

2/32 (6%} infants receiving probiotics and 3/40 (8%} infants receiving -
placebo. None of the probioticfsuppkemented infants in the sfudy

- experienced more than 2 gastrointestinal infections during the smdy'

pér:od :

[00081] The relationship between fecai recovery of LGG at'3 months of
age and the risk of infection during the ﬁrsf 7 mon‘ths of ir‘e was aiso
evaluated. These resulis are presented in Table 4.
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Table 4. The Relationship of Fecal Recovery of LGG at 3 Months of

Age and the Risk of Infections During the First 7 Months of Life
‘ ‘ _ L

| Positive Negative RR
{n =23} {n =22) {85% CB
Respiratory 15 {65%) 18 (82%) 0.68(0.18 10 1.21)
infection p=0.31
AOM 4 (17%) 10 (45%) 0.30 {0.06 to 1.13)
: p ={0.057
- Antibiotic Use 7 {30%} 12 (65%) : (.46 (0.12 to 1.27)
) . p=0.14
Recurrent 1 {4%) . © 1 2(8%) 0.47 (0.01106.95)
Respiratory o ‘ p=0.81
infections ] '
Recurrent AOM 0(0%) 2 (9%} - 1.0.38 (N/A to 5.05)
) — p=0.23
Recuarrent 1 0 (08%) . 5{23%) C 012 (NtA o ©.94)
Antibiotic Use . tp=0.022 ,

f00082] F’k‘for to probiatic suppiémentaﬂcn, LGG was recoveréd in the
feces of 12/46 infants, 8/28 (29%) in the probiofics group and 4/18 (22%)

" in the placebo group. . Pre-intervention presence of LGG in feces was not

associated with the incidence of infections in génera?t, respiratory
infections, AOM or gastrointestinal infections, nor was there an impact on
antibiotic use at any age. At 3 months of age, i.e. afier a rinimum of 1

- month of probiotic suppiemeﬁtation, LGG was recovered in 21/28 (75%)

of infants receiving probiotics and 2/17 (12%) of infants receiving placebo,
p<0.0001. Furthermore, the presence of LGG in feces at this time was

. associated with a reducad risk of having enceuniered atleast one epssode

of AOM by the age of 7 months; 4/23 (17%) and 10122 (45%) infants
positive and negative for LGG, respectively. The presence of LGG in
feces at 3 months of age was also indicative of protection against
recument infecﬁonS' 2/23 {9%) and 10/22 (45%) in infants positive and

" negative for LGG, faspectfuily, and recurrent need for antibiofics: 0/23

(0%) and 5/22 (23%) i in mrants posttwe and negaﬁlve for LGG,
respectme%y, by the age of 7 months.

. -[00083] All references cttmd in this specmcaﬁon including wnihout |

Itmstatxon afl papers pubficat:ons pafents patent apphcafzons
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presentafions, texts, reports, manuscripts, brochures, books, intét;net
postings, journal articles; periodicals, and the like, are hereby incorporated ‘
by reference into this specification in their entireties. The discussion of the
references herein is intended merely to summarize the assertions made
by their authors and no admission is mads that any reference constitutes
prior art. Applicants reserve the right to challenge the accuracy and
pertinence of the cited references » 4

[00084] These and other modifications and variations to the present

invention may be practiced by those of ordinary skill in the a&, witﬁnut
departing from the spirit and scope of the preserit invention, which is more
particularly set forth in the appended claims. In addition, it should be

understood that aspects of the varous embodiments may be znterchangad

in whole or in part. Furthermore those of ordinary skill in the art will
appreciate that the foregoing descnpt:qn is by way of example only, and is
not intended to fimit the invention so further described in such appended
claims. Therefore, the sphrit and scope of the appended claims should no'i
be limited to the description of the preferrad-versions contained therein. \
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CLAIMS:

1. An infant formula for use in preventing development of respiratory infection and/or acute
ofitis media, the infant formula comprising:

a lipid or fat;

a protein source selected from the group consisting of whey protein, casein protein,
nonfat milk, and hydrolyzed protein;

one or more Bifidobacterium species comprising Bifidobacterium lactis Bb-12; and

one or more bacterial species comprising Lactobaciflus rhamnosus GG.

2. The infant formula of Claim 1, wherein the lipid or fat is present at about 3 to about 7g

per 100 keal.

3. The infant formula of Claims 1 or 2, wherein the protein source is present at about 1 o

about 5g per 100 kcal.

4. The infant formula of any one of the preceding Claims, wherein the respiratory infection
is selected from the group consisting of upper respiratory infection, influenza, croup,

respiratory syncytial virus, bronchitis, bronchiolitis and pneumonia.

§. The infant formula of any one of the preceding Claims, wherein the amount of both the
one or more bacterial species comprising Lactobacillus rhamnosus GG and the one or more

Bifidobacterium species is between 10° and 10" cfu per day.
6. The infant formula of any one of Claims 1 to 4, wherein the amount of both the bacterial

species comprising a Lactobacillus rhamnosus GG and the one or more

Bifidobacterium species is between 10% and 10% cfu per day.
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7. The infant formula of any one of the preceding Claims, wherein the ratio of the
Bifidobacterium factis Bb-12 and the Lactobacillus rhamnosus GG is befween about 5:1 and

1:5.

8. The infant formula of any one of Claims 1 to 6, wherein the ratio of the Bifidobacterium

lactis Bb-12 and the Lactobacillus rhamnosus GG is between about 10:1 and

1:10.

8. The infant formula of any one of Claims 1 to 8, wherein the ratio of the Bifidobacterium

lactis Bb~12 and the Lactobacillus rhamnosus GG is about 1:1.

10. An infant formuia for use in preventing development of respiratory infection and/or acute
otitis media, the infant formula comprising:

a lipid or fat;

a protein source selected from the group consisting of whey protein, casein protein,
nonfat milk, and hydrolyzed protein;

ohe or more Bifidobacterium species; and

one or more adherence-promoting probiotic.

11. The infant formula of Claim 10, wherein the lipid or fat is present at a level of about 3 {o

about 79 per 100 kcal.

12. The infant formula of Claims 10 or 11, wherein the protein source is present at a level of

about 1 1o about 5g per 100 keal.
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13. The infant formula of any one of Claims 10 to 12, wherein the respiratory infection is
selected from the group consisting of upper respiratory infection, influenza, croup,

respiratory syncytial virus, bronchitis, bronchiolitis and pneumonia.

14. The infant formula of any one of Claims 10 to 13, wherein the amount of both the one or
more adherence-promoting probiotic and the one or more Bifidobacterium species

administered is between 10° and 10" cfu per day.

15. The infant formula of any one of Claims 10 to 13, wherein the amount of both the one or
more adherence-promoting probioctic and the one or more Bifidobacterium species

administered is between 10° and 10° cfu per day.

16. The infant formula of any one of Claims 10 to 15, wherein the one or more adherence-

promoting probiotic comprises Lactobacillus rhamnosus GG,

17. Use of the infant formula of any one of Claims 1 to 9 in the manufacture of a

medicament for preventing development of respiratory infection and/or acute oftitis media.
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18. The use of Claim 17, wherein the respiratory infection is selected from the group
consisting of upper respiratory infection, influenza, croup, respiratory syncytial virus,

bronchitis, bronchiolitis and pneumonia.

19. Use of the infant formula of any one of Claims 10 to 16 in the manufacture of a

medicament for preventing development of respiratory infection and/or acute ofitis media.

20. The use of Claim 19, wherein the respiratory infection is selected from the group

consisting of upper respiratory infection, influenza, croup, respiratory syncytial virus,

bronchitis, bronchiolitis and pneumonia.
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