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The aim of the study was to evaluate whether sopghtation of milk-formulas with prebiotic fructo-
oligosaccharides or a probioticactobacillus johnsoniLal (Lal), could modulate the composition of teeaf
microbiota of formula-fed infants, compared to Istéed (BF) infants. Ninety infants close to 4 montfisige
were randomized into one of three groups to bedbliassigned to receive for 13 weeks: a) an infamhula
(Contral), b) the same formula with fructo-oligosaaddes (Prebio), or c) with Lal (Probio). At thedeof this
period, all infants received the control formula ®oadditional weeks. Twenty-six infants, breasttedughout
the study, were recruited to form group BF. Fecalsas were obtained upon enrolment and after 71&nd
weeks. Bacterial populations were assessed witlssicl culture techniques and fluorescent in situ
hybridisation (FISH). Seventy-six infants complethd study. On enrolment, higher count8dfdobacterium
andLactobacillusand lower counts of enterobacteria were obsenv&Ficompared to the formula-fed infants;
these differences tended to disappear at weekd 1%nNo major differences f@lostridium, Bacteroide or
Enterococcusvere observed between the groups or along thewialip. Probio increased fecal Lactobacillus
counts P<0.001); 88% of the infants in this group excrelied Lal in their stools at week 7 but only 17% at
week 15. IncreaseBifidobacteriumcounts were observed at week 7 in the 3 formulagspsimilar to BF
infants. These results confirm the presence didrigounts of bifidobacteria and lactobacilli i tmicrobiota

of BF infants compared to formula-fed infants befdietary diversification, and that Lal survivestie infant
digestive tract.

Key Words: breastfeeding, milk formula, fructooligosaccharides, infants, intestinal microbiota, L actobacillus johnsonii Lal,
prebiotic, probiatic.

Introduction

The colonization of the newborn gastrointestinatttiay reason efforts are being made to modulate the lainginvi-
bacteria is a complex process which implicates aitipn  ronment with the aim of promoting bacterial popigias
for oxygen, nutrients and ecological niches, anstrisngly that more closely imitate those of breastfed irdant
influenced by infant diet, breast or formula fegdiluman Theoretically, this may be achieved through the aémi
milk contains secretory IgA, immune cells, lactofgrand stration of probiotics or prebiotics. Probiotia® anicro-
lysozyme which hinder pathogen proliferation. Itsal organisms capable of resisting gastric acidity hihel salts
contains high levels of oligosaccharidés 0g/L) which and survive their transit along the gastrointesttrect of
stimulate selectively the growth of some bactesi@cies, the host where they may regulate the autochtondosom
resulting in higher counts of bifidobacteria ar@ivér biota and exert health-promoting functidns.

counts of enterobacteriaceae compared to the niateobf

formula-fedinfants!? Weaning changes the colonic micro-

biota, decreasing bifidobacteria and lactobacitid acon-

Cpmitantly increasind?:acteroides, Enteﬁobacter, CIOStri'Corraspondence address;. Dr. Oscar Brunser, Ultrastructure
dium, Enterococcysthe resulting microbiota resembles tQ aporatory, Institute of Nutrition and Food Techomy (INTA),
that of the adult. Itis considered that the predominance ajniversity of Chile, J.P. Alessandri 5540, Santiagbile.
bifidobacteria and lactobacilli in the digestivadr gene- E-mail: obrunser@inta.cl

rates positive effects upon the host's healtid for this Accepted 9th August 2005
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Lactobacillus johnsoniiLal (Lal) is a well-described
probiotic strain which has been shown to adheriate
stinal epithelial cells through its lipoteichoicidca major
cell wall constituent. Lal is capable of modulating local
and systemic immunity’ and antagonizing the sCD14-

Ministry of Health. Each group received the studstd
for 13 weeks following enrolment; in the two weeks
following the end of the observation period, altrfmila-
fed infants were given only the standard N&f@mula.

The sample size was calculated as follows: expegienc

mediated proinflammatory response induced by LPS irwith FISH counts for bifidobacteria gives a SD fog-
intestinal cell lineg. Furthermore, Lal has been shown tocounts of 0.6. In order to detect a differencéircount

exert inhibitory activities against a wide rangepatho-
gens both in adults and childréf.

Prebiotics are non-digestible carbohydratexchviare
widely used by the food industry. Inulin and fructo
oligosaccharides (FOS) which are extracted fronersib
such as chicory or Jerusalem artichoke are amangetht
described?
host and are fermented by the colonic microbiotiecs
tively stimulating the growth of bifidobacterta.

Regular intake of prebiotics has also beewdated

of 0.5 ata=0.5 and a power of 80%, 24 subjects per diet
group are required. To compensate for a 15% duip-0
29 subijects per diet group had to be enrolledaitetal of
116 infants for the four groups. Assignment ofitifants

to one of the three formula diets was carried @ingia
computer-generated randomization table. All formula

These molecules cannot be digested by th@roducts were letter-coded by the manufacturer sngh

neither the investigators, the field personnel tioe
parents receiving the products were aware of it®-co
position. The code was broken after the data aisalys

with health-promoting effects such as immune stimu-ended. Formulae were placed into cold storage afid d

lation, improved calcium absorption and decreasgty/t
ceridemia and cholesterolentfaln this study, we eva-
luated the effects of a milk formula supplementeithw
Lal or FOS upon the colonic microbiota of bottle-fied
fants compared to breast-fed infants, using culmee
thods and fluorescent in-situ hybridization (FISH).

Subj ects and methods

Subjects

The study was designed as a prospective, randoraimd
blinded clinical trial carried out in infants reded at the

vered to the field station at “La Faena” as reqljirghere
they were also kept refrigerated. Formulae wergoper
dically tested by Nestlé to ascertain that the otab
concentrations remained constant during the timeseo
of the study (analysis at release, and 15 and 2dthmo
after production). A total of 3kg of powdered fara
were delivered monthly for each child and motheesev
carefully instructed on its appropriate preparatito-
thers were also informed that their infant shouldt n
receive yogurt or any other fermented foodstuffsulgh-
out the duration of the study. Children who recdive

“La Faena’ Health Care Center in the South Easterrantibiotics for any condition during the follow ygeriod

Health District in Santiago, Chile. Parents of it
partici-pants were contacted at the regular Pedi@tmic
of the Health Care Center and, after careful exgilan
of the scope and aims of the project, those wheeaijto
the participation of their infants signed a writteonsent

were excluded from the protocol.

Data and sample collection
Parents were advised to report with their infardgrgvls
days at the Pediatric Clinic established for thislg for

form. The project was approved by the Ethics Committe health status evaluation and for weight and bodgtle

for Research in Humans of INTA, University of Chile.

Healthy infants born at term, of either se¥%, @ionths
old, with birth weight between 3,000 and 4,200 ggam
who had not received antibiotic treatments in thantin
prior to enrolment were included in the study pecoto
Exclusion criteria were multiple births, presenceaaly
degree of malnutrition, or gastrointestinal, reoalother
chronic diseases.

Study design

measurements. On this occasion, mothers receigézha
dardized Diet Record Form designed to register pro-
spectively information about food intake for a tweek
period; items registered were volumes of formutakn,
possible intake of yogurt or other fermented foadfs,
any non dairy products provided to the infants, and
possible adverse reactions (including spitting up;
miting, diarrhea, skin rashes, nasal dischargeglt@and
difficulty breathing). One week after receivinggthorm
at the Health Center the child was visited at hdoyea

The study comprised four diet groups: a) a breastfedRegistered Nurse from the Project who reviewedeiaitl
group (BF) consisting of infants whose mothers main with the mother the information accumulated. Thesa

tained breastfeeding until the end of the obseraati
period (at least 15 weeks after enrolment); b) atrob
group (Control) who received a standard infant falen
available in the local market (Naff,2Nestlé Chile, San-
tiago, Chile); c) a prebiotic group (Prebio) wheewed
the same formula but with FOS at a concentratior2 of
grams per liter of prepared formula (Raftilose P95

Orafti, Tienen, Belgium) and, d) a probiotic group pating in the project.

took advantage of this visit to stress the impartaof the
proper preparation of the formula, the need to cywo-
viding yogurt or similar products and underlined treed
for a visit to the Field Station in a week’s timéf the
mother failed to keep the appointment, the nursalavo
visit the home and drive the mother with her chiddhe
Station for consultation with the pediatricians tjgar
In this way, each mothed lza

(Probio) who received the same formula but enrichedtontact with the research team at least once weeKly
with 10° living Lal per gram of powder. The formula the infant became ill, mothers had free accessh& t
groups included infants who had been spontaneouslfroject pediatricians. The nurses also undertosiche-

weaned at least 14 days before the beginning ddttidy;
between their weaning and incorporation to the quuwit
they were fed a milk formula provided nationwide thg

duled visits to the homes to verify the compliandgéh
the instructions provided. All children had toaadt least
500 ml of the allocated formula daily. The protoaas
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inserted within the framework of the National Ntitm

Fluorescent in situ hybridisation (FISH)

Program of the Ministry of Health and in conseq@enc The probes used in the study were Bif164 and Chis150

around weeks 15-16 of the project, when infantsewger

specific forBifidobacteriumand Clostridium histolyticum

months of age, a vegetable soup and some mastied frucluster including C. perfringens, respectivély’ These

had to be introduced in the infant’s diet to compligh
the governmental dispositions. Fecal samples were
llected on the day of enrolment (sample 1), afteregks
of ingesting the study diets (sample 2), and 2 wexter
the study diet had been interrupted, when all tanis
were fed the standard Na®Zormula (sample 3).

Bacterial cultures

For culture studies, 5 to 10 grams of feces welleated
with a sterile spatula immediately after emissiplaced
into a sterile glass container placed in an anaerat
with an Anaero Gen pack, and stored at 4°C uraiisy
port to the laboratory. No more than 2 hours eldse
tween sampling and arrival at the laboratory fomiea
diate processing. An aliquot of stool was homozedj
serially diluted, inoculated onto semi-selectivediaeand
incubated under anaerobic conditiorBifidobacterium
species were cultured in Eugon Agagactobacillusin
MRS Agar with antibioticsClostridiumin NN Agar and
Bacteroidesin SchaedlerAgar with antibiotics After
incubation, the colonies were counted and furtdend
tified. Lactobacilli and bifidobacteria strains weden-
tified by microscopy, and biochemically using th&IA
gallery system (BioMérieux, Paris, France), APIGAL
gallery for lactobacilli and API ID 32A gallery for
bifidobacteria, respectivelyEnterococcusand Entero-

were commercially synthesized and 5’ labeled with t
fluorescent dye Cy3 (MWG Biotech, Germany). The
nucleic acid stain DAPI (4’, 6-diamidino-2-phenyivie)
was used for total count$. Samples were diluted (1:3
vlv) and fixed overnight at 4°C with 4% (w/v) para-
formaldehyde; the cells were washed with PBS, resus
pended in a mixture of PBS/ethanol (1:1 v/v) aratest

at — 20°C*® Sixteen microliters of the PBS/ethanol cell
suspension were added to 2@0of pre-warmed hybri-
dization buffer (40mM Tris-HCI, 1.8M NaCl, pH 7.2)é
64ul of HPLC grade water (Fisher Scientific, Lough-
borough, UK). Ninety micro-liters of the hybridizn
mixture were then added to |dl0of each probe (50ngh)

and hybridized for 24h at 50°C. The cells were \easht
their respective hybridization temperatures forn3@ in

5 ml of wash buffer (20mM Tris-HCI, 0.9M NaCl, and
pH 7.2). The cells were then vacuum filtered ontd.2
um Isopore membrane filter (Millipore Cor-poration,
Watford, UK) which was then mounted on a microscope
slide with SlowFade (Molecular Probes, Leiden, The
Netherlands) and examined using a Nikon Eclipse E400
fluorescent microscope. The 455nm-excitation rfiltas
used to illuminate DAPI stained cells and the 51Gifter
was used to count the hybridized cells. At le#dsten
random fields of view were counted on each slid the
average count used for analysis. The probes us#dsin

bacteriawere cultured under aerobic conditions in Bile- study were Bif164 with a sequence of 5-CATCCGGCA
Azide Esculin Agar and in Violet Red Agar, re- TTACCACCC-3"8 and Chis150 with a sequence of 5'-
spectively’® Bacterial counts are expressed as;Jog TTATGCGGTATTAATAT(C/T)CCTTT-3".
colony-forming units (CFUs) per gram of fresh fecal

sample, with detection limit at 3.30 cfu/g. Dupliestool
samples obtained on the same occasiere placed into
cryotubes containing sterile glycerol, frozen iuid

nitrogen and kept at —70°C. These samples werpegthip

periodically to the Nestlé Research Centre (Veezeh
les-Blanc, Lausanne, Switzerland) for Lal determimati
and to the University of Reading for fluorescamtsitu

hybridization (FISH) study. Presence of Lal wasimo

Statistical analysis

Results were expressed as mearSD. Data were ana-
lyzed as “Intention To Treat” (ITT) taking in accouat
available data, including those from drop-out sctsie
and as “Per Protocol” (PP) including only thoseaint$
who completed the study. The number of observed ad-
verse events per subject was compared by one-w&)-AN
VA. Fecal bacterial levels were log-transformed aath-

tored by random amplification of polymorphisms DNA pared between the three formulas using one way ANO-

(RAPD) fingerprint®*’using the following oligos GGTT-
GGGTGAGAATTGCACG and CGGCCAGCTGGTCA-
GCC (Microsynth, Balgach, Switzerland); this techma
identifies strain-specific fingerprints.

For detection of enteropathogens, a rectabswas

VA. In case of positive ANOVA results, formula gims
were compared between them with the Tukey pair-wise
multiple comparison test. The breast-fed group e@s-
pared to each of the formula group using the twopda
t-test.

obtained on the same occasion as the sample just de
scribed and conserved in transport medium. The swaResults

was plated onto culture media for the isolation ateh-
tification of Salmonellaand Shigella KLD Agar with

Characteristics of the study groups
A total of 116 infants were enrolled; because ofdouts,

previous inoculation in pre-enrichment and enrichine the number of infants under observation decreasét,

brothg, Campylobacter (Skirrow Agar) andE. coli
classical serotypes,
(EMB and MacConkey Agar).
considered as pathogens were confirmed by usingmhe

76 completing the entire protocol (34.0% drop aite).

invasive and enterohemorrhagiReasons for dropping out were intercurrent illnesg
Strains biochemically subjects (17.5%), antibiotic use in 15 (37.5%), aoldin-

tary withdrawal from the protocol or non-compliance

gallery system or by PCR and confirmed by serolgic with the diet in 18 (45%). None of the withdrawalas

tests.

associated with adverse reactions to the formilas.
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significant differences in drop out rates were obseé
between the four groups. (Table 3), showed no differences between groeigser

All formulas were well tolerated by the sultggcand  at samples 2 or 3. Only at sample 1, the BF gtuag
the average formula intake measured during theethrehigher bifidobacteria counts than the Probio gro@em-
days before sample 3 was similar for infants fréva 8  parisons probably failed to demonstrate differertgsto
groups: 133 + 35, 126 + 20, and 138 + 33 mli/kg@fiyo  the high standard deviations. WHgifidobacteriumcon-
weight per day for the Control, Prebio and Probimugs,  centrations were evaluated by FISH, standard dewst
respectively (ITT analysis). This resulted in the wail were lower (Fig. 1), and significant changes became
intake of about 1.8xf0Lal per day for the Probio group. apparent: at sample 1, bifidobacteria counts weégken
None of the infants showed clinical signs of laga@do- in the BF group than in the 3 formula groups. amgle
sis during the observation period, and the number 02, no differences were observed between the 4 group
adverse events per infant, including upper and loweand, at sample 3, bifidobacteria counts were highdne
respiratory infections and diarrheal episodes wassig-  BF group than in the Probio group. Variations wexare
nificantly different between the four groups (one@yw marked when theBifidobacterium population was ex-
ANOVA, P>0.05; data not shown). As shown in Table pressed as percentages of the total bacterial @ibqul
1, no differences between the groups were obseimed particularly in the Prebio group.
weight, height, weight for height, weight for agada As shown in Table 3, BF infants had signifitant
height for age z-scores (National Center for Healthlower levels of fecal enterobacteria than the fdemu
Statistics, NCHS) on the day of enrolment (samplasl  groups at samples 1 and 2; however, in the BF isfde-
well as during the study (data not shown). The PRcal enterobacteria significantly increased at san$lto
analysis gave similar results as the ITT analysis. reach levels comparable to those in the formulaiggo

Evaluation of the totadlactobacilluspopulation (Table 3)

Effects of diets on fecal bacterial counts (PP analysis) showed higher levels in infants of the BF grouptbe
Enumeration of total fecal bacteria by DAPI stainisg day of enrolmentR<0.001). No changes were observed
shown in Table 2. The total numbers of microorgasis in the Control or Prebio group throughout the study
were comparable in the different dietary groupbalgh  while a significant increase was observed in thebler
the total bacteriatount in the Probio group was mo- group at sample 2, such that total Lactobacibounts
derately higher than that of the Prebio group atda 1.

Fecal bifidobacteria, as evaluated by culture nutho

Table 1. Characteristics on day of enrolment (samplef th@® 4 experimental groups (mean + SD).

BF Control Probio Prebio Significance *
ITT analysis 26 33 o5 32
N 46 61 48 44
% females 6.74 £ 0.71 6.44 +0.70 6.22 +0.80 6.58 + 0.65 NS
Weight (kg) 62.04 £ 2.11 61.45+2.11 60.76 + 2.77 61.95+2.16 NS
Height (cm) 0.76 +0.81 0.61 +£0.88 0.46 £ 0.87 0.57£0.83 NS
NCHS W/H z-score 0.83+0.77 0.52+0.78 0.24+0.91 0.60+0.78 NS
NCHS W/Age z-score 0.19+£0.89 -0.04 +0.73 -0.19+0.72 0.08 £ 0.83 NS
NCHS H/Age z-score
PP analysis
N 20 23 18 20
% Drop out 231 30.3 28.0 37.5
Weight (kg) 6.70 £ 0.74 6.39 + 0.62 6.40 £ 0.83 6.53+0.71 NS
Height (cm) 62.18 £ 2.20 61.30 + 2.05 60.80 + 3.00 62.15 +2.28 NS
NCHS W/H z-score 0.64 £0.83 0.62 +0.72 0.70+0.85 0.43 £ 0.66 NS
NCHS W/Age z-score 0.77£0.81 0.54 £0.70 0.46 £ 0.92 0.60 +0.82 NS
NCHS H/Age z-score 0.24 £0.95 -0.03+£0.75 -0.12 + 0.66 0.22+0.89 NS

*One way ANOVA for comparison between the 3 fornslavo sample t-test for comparison between BFeauth formula.

Table 2. Evaluation of total bacteria in infant’s stoolsDAPI staining and direct observation by fluoresoe

microscopy. (Mean + SD).

BF Control Probio Prebio ANMA (formula groups) IP)
Sample 1 10.78 £ 0.17 10.71 £ 0.27 10.87 £ 0.25* 10.65+£0.24 0.039
Sample 2 10.67 £ 0.09 10.72 £0.23 10.87 £0.18 10.70 £ 0.35 NS
Sample 3 10.62 £ 0.17 10.68 £ 0.24 10.77 £ 0.27 10.61+£0.31 NS

*  Probio>Prebio
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Table 3. Fecal excretion oBifidobacterium Lactobacillus Enterobacteria Clostridium perfringensBacteroidesand
Enterococcusevaluated by classical culture methods {JofCFU)/g stool) and fecal excretion @lostridium
histolyticum cluster evaluated by FISH (lag (bacteria)/g stool) during the time course of #tedy in the fou
experimental groups

BF Control Probio Prebio

Bifidobacterium

Sample 1 9.72+1.76 8.23+2.60 7.82+1.87 8.68+1.74

Sample 2 9.49+235 955+2.33 9.99+1.53 9.41+1.90

Sample 3 9.11+254 10.11+1.67 9.12+1.60 9.72+1.97
Lactobacillus

Sample 1 6.27+1.74 3.92+1.80 3.46+0.785 3.69+1.46

Sample 2 513+1.88°¢ 343+0929 564+238 3.70+154¢

Sample 3 497 +234 395+157 417+150 3.61+1.0%
Enterobacteria

Sample 1 7.17+2.83° 896+098 876+143 9.18+1.79

Sample 2 7.52+248 9.33+1.37 8.79+1.63 9.49+1.32

Sample 3 894+1.80 9.62%0.93 8.89+1.15 9.14+1.34
C. perfringens

Sample 1 3.87+1.35 4.46+1.31 425+1.29 4.16+1.27

Sample 2 428+155 480+1.34 487+154 4.20+1.18

Sample 3 437+150 4.66+1.25 404+1.21 4.22+1.08
C. histolyticum

Sample 1 8.17 +0.27 8.22+0.30 8.14+0.38 8.23+0.41

Sample 2 8.08+0.25 8.07x0.30 8.16 £0.42 8.03x0.25

Sample 3 8.14+0.27 8.13x0.34 8.05+0.37 8.07x0.26
Bacteroides

Sample 1 498+1.68 5.64+1.99 560+1.97 5.05%+1.72

Sample 2 510+£1.79 5.82+1.82 544 +202 5.02%+1.45

Sample 3 580+222 592+1.74 6.09+1.71 557x1.75
Enterococcus

Sample 1 6.30+1.88 6.86+1.57 6.12+0.93 6.54+1.50

Sample 2 6.04+1.72 6.63%+1.36 6.72+1.22 7.29+1.23

Sample 3 6.81+1.18 7.10+1.41 6.80+1.53 7.10+1.09

Bifidobacterium  Sample 1: BF>Prebid?&0.01)

Enterobacteria Sample 1: BF<ControR<0.01¥, Prebio P<0.02§
Sample 2: BF<Control, PrebiB<0.01¥

Lactobacillus Sample 1: BF>Control, Probio, PrebR<Q.001}
Sample 2: BF>ControP0.001¥, Prebio P <0.02§

o

Probio> Control, Prebid&0.05}
Sample 3: BF>Prebid&0.03¥
Comparisons refer to the same setter expor
>
£
=)
Samples 1&3: L8
R © o
BF> Probio 8=
o 8
T L
=
12+
2 [
= 111
s
¢} 101 &2 —amm =@ AR T
2 = - =
o T 97 1 .
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Figure 1. Fecal excretion dBifidobacteriumspecies at samples 1, 2 and 3 in the four stuolyps; as evaluated by FISH .

samplel-t-test: BF> ControP£0.03), PrebioP=0.04), Probio F<0.01); sample3-t-test: BF> ProbiB{0.001). The insert
showsBifidobacteriumpopulation as a percentage of total bacteria: fs1i®&3 — t-test: BF> Probid>0.001).
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were higher than in the other two formula groupshé
time; after interruption of the Probio formula, tec
bacillus tended to return to their pretest levels.

The presence of fecal Lal was also determinedl
the infants (Table 4). At sample 1, before theitr@gg
of formula administration, one child was Lal-pastin
the control and Probio groups. The infant who was-
positive in the Control group remained positiveotigh-
out the study. Fifteen (88%) of the infants whgeisted
the Lal-containing formula excreted the bacterighigir
stools on sample 2; however, two weeks after thay h
interrupted the intake of the formula, only 3 cheld
(17%) continued excreting Lal, but with levels $&mto
those observed at sample 2.

Table 4. Number of Lalpositive infants and fec
excretion of Lal in the four experimental groupghe
three steps of the study

BF Control Probio Prebio
Sample N°oflLal- O 1/22 1/18 0
1 positive 0 5.79 3.30 -
subject
Log CFU
Lal/g stool
Sample N°oflLal- O 1/22 15/17 0
2 positive 0 4.86 6.38+1.11 -
subject
Log CFU
Lal/g stool
Sample N°oflLal- O 1/22 3/18 0
3 positive 0 6.20 5.21+1.73 -
subject
Log CFU
Lal/g stool

No differences between groups were observed irl feca

Discussion
The colonic microbiota is a complex ecosystem which
plays an important role in the maintenance of heaitd
in the pathogenesis of various disease3uring the last
decade, efforts have been made to influence thisomi
biota through the administration of substances and/
microorganisms such as prebiotics, probiotics om- sy
biotics with the aim of selectively stimulating theowth
of bacteria capable of health-promoting functiogge-
cially bifidobacteria or lactobacilli. In the pe#t study,
we examined whether supplementation of milk-forraula
with a prebiotic or a probiotic strain modulates fiecal
microbiota of bottle-fed infants; these results eveom-
pared with the fecal flora of BF infants. Althougbme
studies have observed a predominance of coliforms o
Bacteroides in the colonic microbiofd®? Bifidobac-
teriumis usually the predominant genus in BF inf&ifs.
Our results confirm these observations becausbeddy
of enrolment, bifidobacteria accounted for almd3¥e2of
the total fecal population of the BF infants, whper-
centages as low as 4.6% were observed in the farfedl
infants. Moreover, in the first sampling, fecauots of
lactobacilli, another “beneficial” species, wersahigher
in the BF group. This may be explained by the gmes
of galacto-oligosaccharides in the human milk atsb a
by the release in the intestine of bioactive pegstid
resulting from the digestion of human milk protegins
which are known to stimulate the growth of bditido-
bacterium andLactobacillus in the color?>? Infants fed
cow's milk-formulas that do not contain such fastor
develop a more complex microbiota with higher ceuft
facultative anaerobesBacteroides and clostridig!?%%
Our results at the time of enrolment confirm pdstia
these observations because fecal enterobacteriats
were higher in formula-fed infants, with no diffaces
for Clostridium, Bacteroides or Enterococcus, compared
to the BF group.

As previously discusseBifidobacterium counts at the
beginning of the study were higher in BF compared t

perfringens counts evaluated by culture methods, neitherformula-fed groups, but this difference disappeatthe

in the counts ofC. histolyticum cluster detected by FISH
(Table 3). No changes in fecBacteroides or Entero-

time of the second fecal sampling, maybe due to the
beginning of food diversification at weaning. Artiease

coccus (Table 3) populations were observed when com-sf pifidobacteria was expected in the Prebio groa,

paring the groups in the three stages of the stody,
were intra-group variations observed throughoutiite
course.

Effects of treatments on fecal enteropathogens

Search of enteropathogens in stool samples fronfotlre
groups showed absenceSsmonella, Shigella or entero-
invasive E. coli (EHEC). Two major entero-pathogens
were isolated in this study, enteropathogekic coli
(EPEC) andCampylobacter jejuni, but no differences

were found between the groups studied. EPEC were d
tected in 12%, 9%, 9% and 16% of stools from the BF

Control, Prebio and Probio groups, respectively énd

fructo-oligosaccharides are a preferential substiair
these microorganisnfs. This increase of bifidobacteria in
the Prebio group was not significant when expressed
absolute counts, but it became significant wherresged
as percentage of the total bacteria populationctiedeby
FISH. In the case of Probio the increase of bijmitieria
may be explained as a response to Lal in the iimsst
lumen; in effect, it has been recently shown thas t
microorganism synthesizes and releases fructatsstha
mulateBifidobacterium growth?® We recently observed a
similar finding in adult volunteers consuming a tal
containing product?

No differences in lactobacilli counts were eted

jejuni was detected in 4% and 3% of stools from the BFpetween the 3 formula-groups. Throughout the stady

and Control groups, respectively, and was not dedein
the other two groups.

decrease in fecal lactobacilli was observed aniindas
change was found fdBifidobacterium in the BF group;
simultaneously with this decrease, a moderateas® in
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enterobacteria aninterococcusvas observedsuggesting

In conclusion, this study confirms a predomie of

that their colonic microbiota was gradually becognin bifidobacteria and the presence of lactobacillihigher
more complex. As expected, our results showedya si counts in BF infants than in formula-fed infants.eTh

nificant increase of fecal lactobacilli in the Pimlgroup

concentration of fructo-oligosaccharides used iis th

between the first and the second samples, theintsou study showed little effect on the host microbiathereas
being higher than in the other formula-fed groups.regular intake of a formula containing Lal lead$eal

Addition of Lal to the infant formula was interesfias
this probiotic has been shown to stimulate local an

lactobacilli counts similar to those in BF infants.
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