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ABSTRACT: The fecal microbiota of 37 infants with (n � 20) or
without (n � 17) probiotic administration was evaluated on D 3, and
at 1, 3, and 12 mo by fluorescence in situ hybridization-flow cytom-
etry (FISH-FC), PCR, and bacteriological culture methods. They
represent consecutive subjects of an ongoing double-blind, placebo-
controlled trial on a probiotic formula (LGG and Bifidobacterium
longum) administered during the first 6 mo of life. Despite varying
composition in each baby, there was a general bacterial colonization
pattern in the first year. Bifidobacteria increased markedly (p �
0.0003) with a parallel decrease in Enterobacteriaceae (p � 0.001)
and Bacteroides–Prevotella (p � 0.005) populations. Eubacterium
rectale–Clostridium coccoides (p � 0.001) and Atopobium (p �
0.039) groups also gradually increased. This overall pattern was
unaffected by probiotic administration (p � 0.05). B. longum (p �
0.005) and Lactobacillus rhamnosus (p � 0.001) were detected more
frequently in probiotic group during supplementation, but no differ-
ence after supplementation had ceased (p � 0.05). Cultured lactic
acid bacteria were also more numerous in the probiotic-administered
babies during treatment period (log10 CFU/g 8.4 versus 7.4; p �
0.035). Our results indicate that supplemented strains could be
detected but did not persist in the bowel once probiotic administra-
tion had ceased. (Pediatr Res 62: 674–679, 2007)

“The developmental origins of health and disease” hy-
pothesis proposes that the risk of developing chronic

diseases can be explained, at least in part, by the influence of
environmental cues acting very early in life (1,2). The acqui-
sition of the intestinal microbiota may be a key event because,
in experimental animal models, the presence of a microbiota is
associated with alterations to host physiology (3,4). The dy-
namics of the colonization of the infant intestine is still largely
unexplored because studies based on culture methods reveal
only a small fraction of the total bacterial community (5–7).
Molecular biologic tools now provide the means to investigate
the topic in depth (8,9).
The hygiene hypothesis states that lack of exposure to

pathogens or certain commensal bacteria in early life may
predispose some individuals toward manifestation of allergic
disorders (10). The gut microbiota plays an important role in

the regulation of immune deviation and an imbalance in its
composition may lead to an increased susceptibility toward
allergies (11). The use of probiotic bacteria as prophylactic
agents from birth may, however, serve as a means to reverse
the imbalance (12). Probiotics are “live microorganisms,
which when administered in adequate amounts confer a health
benefit on the host” (13). It is uncertain, however, whether
probiotic supplementation of the diet can alter the overall
pattern in which bacteria colonize the infant gut. Most studies
have concentrated on adult subjects and reported a transient
passage of probiotic bacterial cells through the gut during the
period of administration (14–17).
We have followed the establishment of the gut microbiota

in Asian newborns during the first year of life using both
bacterial culture-based and nucleic acid-based techniques. Our
aim was to determine whether the dynamics of bacterial
colonization of the infant gut would be altered by administra-
tion, during the first 6 mo of life, of a probiotic product
containing bifidobacteria and lactobacilli.

MATERIALS AND METHODS

Subject recruitment and study design. The subjects were a subset of
consecutively recruited infants participating in an on-going clinical trial
conducted at the National University Hospital, Singapore. To minimize
selection bias, consecutive subjects (subject codes PR048 to PR088) were
recruited to form this sub-cohort as stool collection for these studies com-
menced from subject 48. Subjects were recruited between 4 February 2005
and 9 June 2005. Expectant mothers carrying infants at risk of developing
allergic disease (at least one first-degree relative with a history of allergic
disease) were invited to participate in this randomized, double-blind,
placebo-controlled trial on the use of a probiotic bacteria-supplemented
cow’s milk-based infant formula in the first six months after birth. The
inclusion criteria were 1) first-degree relative with a history of allergic
disorder as confirmed by a doctor’s diagnosis of asthma, allergic rhinitis,
or eczema and a positive skin prick test to any of a panel of common dust
mite allergens, which are the most important inhalant allergens in our
atopic population (18); 2) gestational age above 35 wk and birth weight
above 2 kg; 3) absence of major congenital malformations or major illness
at birth; 4) deemed to be in good health based on medical history and
physical examination; and 5) the family assessed to be able to complete
the trial. Mothers who intended to fully breast feed their infants were not
considered for this study. In a double-blinded manner, newborns were
randomized into blocks of six subjects to receive either infant formula
supplemented with probiotic bacteria [Bifidobacterium longum BB536 and
Lactobacillus rhamnosus GG (LGG)] or standard formula as control for
the first six months. Randomization and labeling was carried out by the
infant formula manufacturers (Nestle, Vevey, Switzerland). Both kinds of
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formula feed (test and control) tasted and appeared identical. Written,
informed consent was obtained from all families. The study was approved
by the National University Hospital’s ethics review committee (Ref Code:
B/00/322).

Formula feeds. Commercial infant formula feeds (Nan 1) with or without
probiotic bacteria, were provided by Nestle. Both probiotic supplemented and
control formula was not hydrolyzed and not supplemented with prebiotics.
Quality control testing by the manufacturer showed that the probiotic bacteria
in the formulation remained viable during 600 d. The probiotic group received
infant formula containing 1 � 107 colony forming units per gram (CFU/g) of
B. longum BB536, and 2 � 107 CFU/g of L. rhamnosus GG. The infants
ingested a minimum of 60 mL of formula daily so that the infants in the
probiotic group received at least 109 CFU of probiotic bacteria per day, which
was deemed sufficient according to a previous study (19). Mothers were then
free to decide whether to make up the remainder of the baby feeds with either
the trial formula, or to supplement with breast milk or another infant formula.
The control group received the same formula without the probiotic bacteria.
At the time of the trial, commercial infant formulas (first 6 mo) containing
probiotic bacteria were not available in Singapore, hence eliminating the
possibility of babies receiving probiotic bacteria from other sources. Compli-
ance to the taking of at least 60 mL of formula was ensured by filling of diary
records by caregivers, and phone and clinic contact with subjects and care-
givers, as well as a record on the usage of test formula.

Weaning to solids was allowed from 4 to 6 mo of age, according to local
practices. Parents were advised to avoid highly allergenic weaning foods such
as eggs, peanuts and shellfish.

Sample collection and preparation. Fecal samples were collected on d 3,
and at 1, 3, and 12 mo after birth into sterile plastic vials by parents, stored
at –20°C and delivered to the laboratory within 20 h. The samples were kept
cool on a dry-ice pack during transport and, immediately upon arrival at the
laboratory, diluted with 0.85% sodium chloride solution (saline) to give a 0.1
g/mL homogenate. After preparation of the homogenate, samples were used

for bacteriological culture, fixation in 4% paraformaldehyde, and storage in
TN (10 mM Tris-HCl [pH 8], 150 mM NaCl) buffer for later DNA extraction.

Fluorescence in situ hybridization combined with flow cytometry (FISH-FC).
A panel of seven nonoverlapping bacterial phylogenetic probes was used (Table 1).
They covered the major constituents of the human fecal microbiota as determined in
adult samples. Fixation of fecal samples in 4% paraformaldehyde and FISH-FCwere
performed as described previously by Lay et al. (9). As fecal samples were homog-
enized in a volume of saline according toweight regardless of consistency, a universal
probe EUB338 was used as positive control (Table 1) and each phylotype was
expressed as percentage of total EUB338 to provide standardization to the FISH-FC
assay.

DNA extraction. Bacterial DNA from pure cultures was extracted using
the method described previously by Knarreborg et al. (19). Aliquots of fecal
homogenates (0.1 g/mL) were centrifuged at 14,800 g for 5 min, subsequently
washed and resuspended in 500 �L of TN buffer. The suspension was
transferred into a 2 mL Eppendorf tube containing 0.3 g of 0.1 mm Zirconia/
silica beads (Biospec, Inc., Bartlesville, OK) and was homogenized at max-
imum speed for 3 min with a mini bead-beater (Biospec, Inc.). The sample
was then transferred to ice for 5 min. The tube was centrifuged at 14,800 g for
15 min and 500 �L of the supernatant was transferred to a new tube for DNA
extraction. The aqueous supernatant containing DNA was subsequently sub-
jected to two phenol-chloroform (1:2) extractions. The DNA was precipitated
with 1 mL of ethanol and 50 �L of 3 M sodium acetate. The sample was
vortexed and left overnight at –20°C. After centrifugation for 15 min at
14,800 g (4°C), the DNA pellet was air-dried at 37°C for approximately 1.5 h.
The DNA was dissolved in 25 �L of sterile TE buffer (pH 8.0), and was then
ready for PCR.

PCR. Specific PCR primers targeting bifidobacterial species and L. rham-
nosus GG (LGG), as well as their respective PCR conditions used, are listed
in Table 2. The bifidobacterial primers produced amplicons of 301, 278, 827,
1197, and 828 bp representing B. longum, Bifidobacterium bifidum, Bi-
fidobacterium breve, Bifidobacterium adolescentis, and Bifidobacterium in-

Table 1. Oligonucleotide probes used to quantify phylotypes by FISH-FC

Probes Sequences from 5= to 3= Target

Eub338 GCTGCCTCCCGTAGGAGT Eubacteria (positive control)
Non338 ACATCCTACGGGAGGC Antisense of Eub338 (negative control)
Erec482 GCTTCTTAGTCARGTACCG Eubacterium rectale–Clostridium coccoides group
Clep866 GGTGGATWACTTATTGTG Clostridium leptum subgroup
Cp1 GGTGGAAWACTTATTGTG Clep 866 competitor 1
Cp2 GGTGGATWACTTATTGCG Clep 866 competitor 2
Bac303 CCAATGTGGGGACCTT Bacteroides-Prevotella group
Bif164 CATCCGGCATTACCACCC Bifidobacterium genus
Ato291 GGTCGGTCTCTCAACCC Atopobium group
Lab158 GGTATTAGCAYCTGTTTCCA Lactobacilli-Enterococci group
Enter1432 CTTTTGCAACCCACT Enterobacteriaceae

All probes used were previously described by Lay et al. (9).

Table 2. PCR primers used to detect bifidobacterial species and LGG in infant feces

Probes (sequences from 5= to 3=) Target PCR conditions

CGGTCGTAGAGATACGGCTT ATCCGAACTGAGACCGGTT B. longum 20 �L containing 2.5 mM MgCl2, 625 �M of each dnTP,
50 pmol of each primer, 1�L DNA template and 1 U
Taq polymerase (Promega). Thermal program: 96ºC 2
min; 35 cycles of 94ºC for 30 s, 63ºC for 40 s, 72ºC
for 30 s, and, finally, 72ºC for 5 min

CCACATGATCGCATGTGATTG CCGAAGGCTTGCTCCAAA B. bifidum 25 �L containing 1.5 mM MgCl2, 200 �M of each dnTP,
0.25 �M of each primer, 1 �L DNA template and 1 U
Taq polymerase (Promega, Madison, WI). Thermal
program: 94ºC 5 min; 35 cycles of 94ºC for 20 s, 55ºC
for 20 s, 72ºC for 30 s, and, finally, 72ºC for 5 min

TAGGGAGCAAGGCACTTTGTGTATCCGAACTGAGACCGGTT B. breve Same as B. longum
ATCGGCTGGAGCTTGCTATCCGAACTGAGACCGGTT B. adolescentis Same as B. longum
TTCCAGTTGATCGCATGGTCGGAAACCCCATCTCTGGGAT B. infantis Same as B. bifidum
CAATCTGAATGAACAGTTGTCTATCTTGACCAAACTTGACG L. rhamnosus GG 20 �L containing 3.0 mM MgCl2, 25 �M of each dnTP,

0.4 �M of each primer, 1 �L DNA template and 2.5 U
Taq polymerase (Promega). Thermal program: 95ºC 10
min; 35 cycles of 95ºC for 15 s, 58ºC for 1 min, 72ºC
for 45 s, and, finally, 72ºC for 10 min
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fantis, respectively. These primers sets were previously reported by Kwon et
al. (21) and Matsuki et al. (22). LGG-specific PCR targeting a phage-related
sequence found in the genome of LGG produced an amplicon of 470 bp, as
described by Brandt and Alatossava (23).

Detection of various bacterial species in fecal DNA was made using a
single PCR machine (GeneAmp PCR system 9700, Applied Biosystems,
Foster City, CA). The size of PCR products was checked on a 2% agarose gel
(Seakem, Rockland, ME) containing ethidium bromide (5 �g/mL).

Culture. As described previously (24), colony counts and identification of
the various bacterial types were based on growth, color, and number of
colonies on selective media, Gram staining and cell morphology. Selective
media used were de Man-Rogosa-Sharpe agar (MRS) (Oxoid) for lactic acid
bacteria (LAB), Slanetz and Bartley agar (S&B) (Oxoid Ltd., Basingstoke,
UK) for Enterococcus spp., MacConkey agar (Oxoid Ltd.) for coliforms and
Staphylococcus medium no. 110 (Oxoid Ltd.) for Staphylococcus spp. The
samples were serially diluted (10–1–10–9) in saline in a biosafety cabinet. The
MRS agar plates were incubated at 37°C, 5% CO2 for 48 h, MacConkey
purple agar plates at 35°C aerobically, overnight, S&B agar plates at 35°C for
2 h and then at 44°C for 44 h, and Staphylococcus no. 100 agar at 35°C
aerobically for 48 h. Bacteria were quantified employing a drop-plate tech-
nique by spotting 25 �L of each dilution on the same plate (24).

Statistics. All statistical analyses were carried out using SAS version 9.1
(SAS Institute Inc., Cary, NC). Bacterial plate counts were expressed as log10
CFU/g of wet fecal samples and the lower detection limit was 3.6/g. The
bacterial counts of probiotic and control groups after the log10 transformation
were compared using two-samples t test whereas the occurrence of PCR
amplicons was assessed by simple logistic regression analysis at each time
point. Mixed effect model accounted for breast feeding status for the first 3 mo
(not breast fed versus any breast feeding) was used to compare the bacterial
counts and numerical succession of broad phylogenetic bacterial groups of
probiotic and control groups, as well as the trends of bacterial counts and
numerical succession over the first 3 mo after birth. This method allows for
specification of the variance-covariance matrix structure to describe the
relation between the correlated longitudinal measurements. The time from
birth (in months) was considered as a random effect in the model. Similarly,
generalized linear model adjusted for breast-feeding status was used to assess
the prevalence of various PCR amplicons between the two groups and trends
over time. The statistical significant was set at p � 0.05.

Based on a study by Gueimonde et al. (25), who reported a higher
occurrence of L. rhamnosus at 6 mo of age in a probiotic group (78%)
compared with controls (43%), we estimated a sample size of 26 subjects per
group as adequate to detect a difference of 35% for a one-sided test of 5% and
a power of 80%. As the addition of LGG into food and health supplements is
common in Finland, but not Singapore, we expect a lower prevalence of this
strain in our local cohort. Assuming LGG would be detected in 21.5% of our
control infants, 12 subjects per group is deemed sufficient.

RESULTS

Clinical characteristics. As the clinical aspects of the study
were still blinded at the time of bacteriological analysis, we
describe here the results of a subset of the cohort who were
unblinded and analyzed by an independent statistician in
relation to their bacteriological parameters. Forty-one consec-
utive subjects who completed 12 mo follow up were recruited
to this study but within this group, there were four withdraw-
als, two subjects from each group. Data were analyzed from
20 and 17 infants from the probiotic and control group,
respectively. The probiotic and control groups were similar in
distribution for factors that are possible confounders, includ-
ing birth weight, mode of delivery, and breast-feeding status.
None of the infants received antibiotics during the neonatal
period (Table 3). At the 1-y follow up, majority of them
(28/37) were sensitized to dust mites, Dermatophagoides
pteronyssinus and/or Blomia tropicalis, and 7 were diagnosed
with eczema.
FISH-FC. The proportions of the major phylogenetic bac-

terial groups within the total microbiota are given in Table 4,
and did not differ at any of the sampling times between
probiotic and control groups. There was an expansion in the

size of the bifidobacterial population (p � 0.001) during the
first 3 mo of life. Likewise, the E. rectale–C. coccoides (p �
0.034) and Atopobium groups (p � 0.007) also gradually
increased over the first year. In contrast, Enterobacteriaceae
(p � 0.001) and the Bacteroides-Prevotella group (p � 0.543)
tended to diminish over time. Members of the C. leptum
subgroup were rarely detected in the first 3 mo, and formed
only a small fraction of the total fecal microbiota at 1 y of age.
An area graph (Fig. 1) is provided to clearly display the
general bacterial colonization pattern.
Culture-based results. After adjusting for breast-feeding

status, the counts of LAB (p � 0.009), but not coliforms (p �
0.657), enterococci (p � 0.954), and staphylococci (p �
0.372), of infants in the probiotic group were significantly
higher than those of the control group at 3 mo of life (Fig. 2).
Counts of LAB (p � 0.002), coliforms (p � 0.001), and
staphylococci (p � 0.001) decreased with age in both groups,
whereas enterococcal counts showed an increase (p � 0.003).

Table 3. Demographic and clinical characteristics of newborns

Control
(n � 17)

Probiotic
(n � 20)

Gestational age (wk)
Mean (SD) 39.1 (1.3) 39.0 (1.2)
Median (range) 39.1 (37.1–41.0) 38.9 (37.1–41.9)

Gender (%)*
Male 8 (47) 17 (85)
Female 9 (53) 3 (15)

Race (%)*
Chinese 7 (41) 9 (45)
Malay 8 (47) 9 (45)
Indian 2 (12) 2 (10)

Mode of delivery (%)*
LSCS 4 (24) 4 (20)
Vaginal delivery 13 (76) 16 (80)

Weight (kg)
Mean (SD) 3.23 (0.52) 3.27 (0.33)
Median (range) 3.31 (2.01–3.94) 3.30 (2.76–4.17)

Admission (%)*
Post-natal ward 17 (100) 19 (95)
Special care nursery 0 (0) 1 (5)

Antibiotics used (%)*
Yes 0 (0) 0 (0)
No 17 (100) 20 (100)

Time to first formula feed (h)
Mean (SD) 14.2 (8.4) 11.5 (5.3)
Median (range) 11.8 (4.2–38.6) 11.1 (3.1–20.4)

History of asthma (%)* 11 (65) 12 (60)
Father 2 1
Mother 3 8
Siblings 7 4

History of allergic rhinitis (%)* 5 (29) 6 (30)
Father 3 3
Mother 3 3
Siblings 1 0

History of allergic dermatitis (%)* 5 (29) 8 (40)
Father 3 2
Mother 2 4
Siblings 3 3

Breast feeding pattern (%)*
Any breast fed for first 3 mo 15 (88.2) 15 (75.0)
No breast fed for first 3 mo 2 (11.8) 5 (25.0)

* Percentage of total number of patients.
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PCR detection. Table 5 summarizes the prevalence of L.
rhamnosus and bifidobacterial species in fecal samples. L.
rhamnosus was detected more commonly in the feces of
infants who received the probiotic product (p � 0.001).
Cessation of probiotic administration resulted in similar
detection levels of this microorganism in the two infant
groups at 12 mo (45% probiotic, 47% control, p � 0.900).
B. longum was also detected more frequently in the probi-
otic group at 3 d of age (p � 0.009), but this difference was
not significant at subsequent time points. The prevalence of
B. longum in the feces increased 52% at 12 mo from ages
of 3 d. After adjusting for the breast-feeding status, signif-
icantly more L. rhamnosus and B. longum were observed in
the probiotic group over their first 3 mo of life [L. rham-
nosus (odds ratio 111.93, 95% confidence interval: 23.18–
540.45, p � 0.001)], B. longum (OR 3.75, 95%CI: 1.27–
11.07, p � 0.017), and both L. rhamnosus and B. longum
(OR 28.77, 95%CI: 6.48–127.68, p � 0.001). On the other
hand, no statistical difference in the prevalence of other
bifidobacterial species was observed between probiotic and
control groups. From 3 d to 12 mo of age, the prevalence of
B. breve increased dramatically (41% in control and 45% in
probiotic), whereas B. bifidum detection rates were con-
stant. B. infantis and B. adolescentis were rarely detected.

DISCUSSION

In general, a mixture of Gram-positive and Gram-negative
bacteria dominated the fecal microbiota during the first month
of life, whereas Gram-positive bacteria predominated by 12
mo of age. Bifidobacteria, enterobacteria, and Bacteroides-
Prevotella were predominant members of the fecal microbiota
during the first month of life. Thereafter, populations of
obligately anaerobic phylotypes expanded, most notably the
E. rectale–C. coccoides group, whereas enterobacterial and
Bacteroides-Prevotella populations decreased as a proportion
of the total microbiota. Members of the C. leptum subgroup
were rarely detected in the feces of children less than 3 mo of
age. On reaching 12 mo of age, atopobial and C. leptum

populations were also more apparent and would presumably
continue to expand until they comprise major proportions of
the adult microbiota (8,26). In contrast, bifidobacteria, which
were the predominant group (�47%) in the infants, account
for only a few percent of the microbiota of adults (8). In
summary, a distinctive succession of bacterial phylotypes
occurred in the bowel of Asian infants at risk of atopic
diseases even though the composition of individual microbiota
was idiosyncratic. This general colonization pattern was not
influenced by probiotic administration. The panel of oligonu-
cleotide probes used in our study detected between 70% and
96% of the bacteria comprising the fecal microbiota of infants.
The remaining fraction of the microbiota, known as the “phy-
logenetic gap,” was smaller than that reported for adults (8),
showing a more limited biodiversity in infants.
In a recent allergy trial on high-risk infants, Kukkonen et

al. (27) reported a higher cultured numbers of the supple-
mented strains during period of probiotic administration,
but not 18 mo after supplementation had ceased. The
detection of probiotic strains in feces using molecular
methods has also been reported for both adults and neonates
(1,14–17,28). We also detected probiotic bacteria, at least
their DNA sequences, during the period of dietary supple-
mentation with the probiotic product. Furthermore, we
recorded higher lactic acid bacteria counts in the treatment
group during probiotic administration compared with the
control infants. There was an absence of evidence indicat-
ing permanent establishment (colonization) by the probiotic
bacteria. This was readily observed with the combined data
for L. rhamnosus and B. longum, where detection was not
different between test and control groups at 12 mo of age (6
mo after probiotic administration had ceased). The “colo-
nization resistance” concept (niche exclusion principle)
predicts that an established microbial community prevents
the establishment of further bacteria that need to occupy
ecological niches that have already been filled. Thus, pro-
biotic bacteria, which are allochthonous to the bowel eco-
system, would be unlikely to establish in the gut where a

Table 4. Proportion, expressed as percentage of total bacteria as determined by Eubacteria probe EUB338, of E. rectale–C. coccoides
(Erec482), C. leptum (Clep866/Cp), Bacteroides-Prevotella (Bac303), Bifidobacterium (Bif164), Atopobium (Ato291),

Lactobacilli-Enterococci (Lab158), and Enterobacteriaceae (Enter1432) groups in infants
administered with probiotic bacteria or control as determined by FISH-FC

Erec482 Clep866/Cp Bac303 Bif164

P C P C P C P C

3 d 0.8 (0.5) 0.2 (0.0) 0.03 (0.0) 0.03 (0.0) 10.6 (4.5) 13.5 (5.2) 31.4 (6.7) 24.9 (8.8)
1 mo 2.7 (1.5) 3.6 (2.0) 0.0 (0.0) 0.1 (0.1) 8.5 (2.9) 12.1 (5.1) 45.9 (7.1) 45.3 (8.6)
3 mo 6.8 (1.7) 7.9 (4.8) 1.0 (0.7) 0.1 (0.1) 12.2 (4.5) 6.1 (1.5) 52.4 (6.5) 53.3 (6.8)
12 mo 30.8 (4.8) 22.9 (3.9) 1.8 (1.0) 1.6 (0.6) 3.3 (1.8) 1.4 (0.5) 47.1 (6.0) 47.6 (6.3)

Ato291 Lab158 Enter1432 Sum

P C P C P C P C

3 d 1.7 (1.1) 1.6 (1.1) 1.5 (0.5) 0.5 (0.3) 34.7 (8.6) 32.3 (9.2) 80.7 (3.3) 73.0 (5.8)
1 mo 6.0 (2.5) 2.3 (1.5) 4.6 (1.8) 3.7 (1.3) 15.6 (4.8) 19.9 (6.2) 83.3 (4.1) 87.0 (3.7)
3 mo 13.8 (4.3) 4.0 (2.0) 1.3 (0.6) 1.6 (0.5) 6.6 (3.2) 5.3 (1.6) 94.1 (6.6) 79.3 (4.9)
12 mo 15.7 (3.6) 8.1 (3.3) 1.8 (0.9) 1.7 (1.5) 1.2 (0.4) 0.9 (0.5) 96.0 (6.6) 84.9 (7.3)

Mean value (SEM) of the two groups were shown. The mean value between 0 and minimum count observed was used as the count for subject with negative
detection in each phylogenetic group.
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bacterial community has already been established (29). In
support of this proposition, the results of our study show
that probiotic administration does not result in alterations to

the general colonization pattern during the first year of life.
Although the two probiotic strains used in our study were
originally isolated from humans, they are still allochtho-
nous to other individuals because of the huge variation in
bowel microbiota composition of humans (30). Further-
more, since the gut is sterile in utero, probiotic adminis-
tration from birth could be the best strategy to enable
establishment of probiotic bacteria. Our findings on both L.
rhamnosus and B. longum show, however, that probiotic
administration even from birth does not result in higher
prevalence of the probiotic bacteria in the feces beyond the
period of dietary supplementation (25). Unknown physio-
logic factors must dictate which bacteria, and in what
proportions, colonize the bowel of individual humans (31).
Although the PCR primers used to detect L. rhamnosus

DNA have been reported to be strain-specific, amplicons were
obtained from the feces of a proportion of the control group.
The addition of LGG to food or dietary supplements is
uncommon in Singapore and it is highly unlikely that the
control infants were exposed to this strain. Therefore, the
strain specificity of the primers must be questioned and it
seems likely that L. rhamnosus strains other than LGG were

Table 5. Percentage of infants with fecal DNA samples positive for various bacterial species, as determined by the detection of PCR
amplicons corresponding to LGG and various Bifidobacterium species, at four specified time points

LGG Blon LGG�Blon Bbre Bbif Bado Binf

P (n � 20) C (n � 17) P C P C P C P C P C P C

3 d 95** 12 85* 41 85** 12 15 24 30 30 0 6 5 6
1 mo 89** 12 79 53 72 12 42 29 32 41 0 12 5 6
3 mo 100 31 75 59 79* 12 35 47 50 47 10 24 5 6
1 y 45 47 85 93 45 47 60 65 45 35 15 18 25 12

P, Probiotic group; C, control group; LGG, L. rhamnosus GG; Blon, B. longum; LGG�Blon, LGG and B. longum double-positive; Bbre, B. breve; Bbif, B.
bifidum; Bado, B. adolescentis; Binf, B. infantis.
* p � 0.05, ** p � 0.0001.

Figure 1. Colonization pattern over time of seven predominant bacterial phylo-
types in infants administered with (A) probiotic bacteria (n � 19) or (B) control
(n � 17) as determined by FISH-FC. Mean values of the two groups are shown.
Bifidobacterium (BIF), Enterobacteriaceae (ENTER), Bacteroides-Prevotella
(BAC), Atopobium (ATO), E. rectale–C. coccoides (EREC), Lactobacilli-
Enterococci (LAB), Clostridium leptum (CLEP). GAP is defined as the bacterial
proportion not detected by the selected panel of oligonucleotide probes.

Figure 2. Various bacterial counts (A) LAB, (B) coliforms, (C) enterococci,
and (D) staphylococci over four time points during first year of life in infants
administered with probiotic bacteria (P, dashed line) (n � 20) or control (C,
solid line) (n � 17) as determined by conventional culture in log10 CFU/g.
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detected in the feces of the control group. Nevertheless, L.
rhamnosus DNA was detected with a higher prevalence in the
feces of probiotic-treated subjects than in fecal samples from
control infants, indicating that we were able to detect the
presence of the probiotic strain upon a background of natu-
rally occurring strains of this bacterial species.
In conclusion, probiotic bacterial strains were only detected

in the feces of the treated group during the period of admin-
istration and hence have a transient existence in the bowel as
shown in studies with adult humans (30). The 2-y clinical
follow-up of the infants in our study is expected to be com-
pleted by mid-2008, and will reveal whether the transit of B.
longum and L. rhamnosus impacted on the prevalence of
atopic disease. The data that we present here provide an
essential bacteriological basis to understand the clinical out-
comes of probiotic administration in early life. The potential
to associate individual microbiota signatures with cases of
atopy will be of particular interest in the future.
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