


bacteria of maternal origin [29,30]. We recently analyzed 20 breast-
milk samples, of which all were colonized by staphylococci and 30%
by Bifidobacterium (Itani et al., unpublished data). These bacteria
may participate in bacterial establishment in neonates, as shown in
several studies [31]. Furthermore, all studied PTI received prebiotic
oligosaccharide supplements (galactooligosaccharide) known to
increase Bifidobacterium counts [32].

Colonization by Bacteroides was also higher than that reported
in the literature, but to a lesser extent than that by Bifidobacterium,
likely due to the higher median GA of our PTI. Colonization by
Clostridium cluster I, as observed in Ferraris's study, increased
throughout the follow-up period, likely due to gut colonization
from the environment by this anaerobic spore-forming genus [33].

One of the limitations of our study is the fact that all infants
came from the same center and were not followed after discharge
from the NICU. A recent study showed differences in intestinal
microbiota between two centers and over-time [34]. Another lim-
itation corresponds to the low number of infants vaginally deliv-
ered, as PTI were mostly born by cesarean delivery. The influence of
cesarean delivery on PTI has been little, as previously reported by
several studies where no significant influence of this factor on
microbiota composition and establishment was found
[22,26,28,35e37]. We observed a non-significant trend toward
delayed colonization by Lactobacillus, Bifidobacterium, and Bacter-
oides/Prevotella. At one month of life, all cesarean delivered PTI
were more highly colonized by Clostridium cluster I, a genus
involved in NEC. A recent study specifically designed to analyze the

influence of the mode of birth reported that vaginally delivered PTI
had a higher frequency of Bacteroides colonization than those
delivered by cesarean [38]. Faster development of the gut micro-
biota in cesarean delivered PTI was found in one study, but this may
be due to confounding factors [35].

Other factors such as the type of feeding and antibiotic treat-
ment had a larger effect on intestinal colonization. At three weeks
of life, breastfed PTI were more highly colonized by the C. leptum
group, which colonizes the gut of FTI and adults. One representative
of this group, Faecalibacterium prausnitzii, is reported to play an
important anti-inflammatory role in protecting against bowel dis-
ease and is deficient in patients suffering from Crohn's disease [39].
This may explain why formula-fed PTI are more prone to develop
intestinal inflammatory disease and infection. Despite the fact that
breast-fed PTI were more highly colonized by Bifidobacterium and
Lactobacillus during the first week of life, the difference was not
significant later. This may also be due to the small number of
formula-fed PTI who were mostly breastfed or fed a mixed diet.
Antibiotic administration during the first hours of life reduced the
level of intestinal colonization by the Clostridium leptum group and
Bifidobacterium, likely due to their susceptibility to both amoxicillin
and cefotaxime [40], the antibiotics most commonly administrated
to PTI. In contrast, the levels of Clostridium cluster I colonization
were higher. In a study including very low birth weight infants,
Arboleya et al. reported that perinatal antibiotics, including intra-
partum prophylaxis, strongly affected the gut microbiota with an
increase in Enterobacteriaceae [41]. These antibiotic-mediated

Fig. 4. TTGE profiles of two PTI (cases 45 and 66) showing the colonization process at different weeks of life. The extreme left and extreme right lanes are markers of TTGE profiles
of the following species (from top to bottom): Bacteroides sp., Prevotella sp., Enterococcus faecium, Staphylococcus epidermidis, Escherichia coli and Bifidobacterium longum.
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Fig. 5. Dendrogram of TTGE profiles of PTI and FTI at week 1 and weeks 2e3. Samples from twins were marked by symbols next to the abbreviation: C5-C6 represented by *, C31-
C32 represented by #, C45-C46 represented by �, C54-C55 represented by ,, C63-C64 represented by △, C70-C71 represented by ✚, triplets C58-C59-C60 represented by +.
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alterations have been reported to increase the risk of late-onset
sepsis and NEC [13].

TTGE analysis in our study revealed a high degree of inter-
individual variability as previously described by others [20,35,42].
Samples from FTI tended to cluster into two main groups, which
show a different profile of colonization despite the presence of very
common species, including Klebsiella pneumoniae and E. coli,
whereas PTI were more highly colonized by E. cloacae. Vaginally
delivered PTI born at a GA of more than 34 weeks clustered close to
FTI. This may be due to several factors whichmay act synergistically
to favor bacterial colonization of the gut: (i) a higher degree of
intestinal maturation, (ii) a closer relationship with the mother and
hermicrobiota, (iii) fewer perinatal factors that can reduce bacterial
colonization (vaginal delivery rather than cesarean delivery, less
antibiotic courses…). This more favorable bacterial equilibrium can
decrease the risk of disease.

In summary, this study identified qualitative and quantitative
differences in the establishment and development of the intestinal
microbiota in PTI relative to that of FTI. It showed a progressive
development of the diversity of the intestinal microbiota in the first
month of life. Most PTI had staphylococci in their stools at week 1
and Enterobacteriaceae beyondweek 2. Many PTI were colonized by
Bifidobacterium spp. probably due to daily prebiotic supplementa-
tion of Lebanese PTI and a higher GA of PTI than those in other
studies that focused on extremely preterm infants. Moreover, this
study highlights the effects of antibiotic administration on the
establishment of the intestinal microbiota, especially on the
C. leptum group. Our data support the need for a multi-site study
that includes a larger number of vaginally-delivered and formula-
fed infants to better understand the association between intesti-
nal microbes and intestinal diseases of preterm infants, such as
NEC.
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