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Abstract The sequence of bacterial events that occurs during
the colonization of the gastrointestinal tract may affect the
future health of the host. A clear understanding of the coloni-
zation process of the human neonatal gut in developing coun-
tries is lacking because the few available studies were mostly
performed using culture techniques. Using molecular ap-
proaches, this study analyzed the fecal microbiota of children
of low socioeconomic status in São Paulo, Brazil, during their
first year of life. We collected fecal samples of healthy chil-
dren at 3, 6, and 12 months of life. Total DNAwas extracted
directly from feces, and the bacteria-specific primers 27F-
1492R were used to construct 16S rRNA libraries. Clones
were randomly selected and partially sequenced. The main
phylogenetic groups identified at 3 months were
Streptococcus, unidentified bacteria, and Escherichia. At

6 months, Escherichia remained predominant, while the un-
identified bacterial population increased significantly. At
12 months, a more complex composition of fecal microbiota
was observed, represented by unidentified bacteria and micro-
organisms found at low rates at earlier ages. The genus
Escherichia remained the most abundant microorganism
(34 % relative abundance and 75 % prevalence). Principal
component analysis (PCA) revealed changes in the composi-
tion of the microbiota at 6 months and an increase of diversity
at 12 months of life. Bifidobacterium was identified by quan-
titative PCR (qPCR) and showed a high incidence in the
microbiota at 3 months. The present results corroborate the
global observation of inter-individual variability with an early
establishment of microbial complexity at the end of the first
year of life and highlight the presence of the Escherichia as
abundant in microbiota composition of this group of children.

Introduction

The human intestinal microbiota is a complex bacterial envi-
ronment that closely interacts with host cells and nutrients [8].
Specific members of the intestinal microbiota are associated
with beneficial effects, such as immunological modulation
and colonization resistance; the microbiota also contributes
to nutrition and metabolism [17, 47].

The microbiota, which is acquired during birth and through-
out the first months of life, reaches its maturation at the end of
the first year of life [35, 40]. During this colonization period, the
intestinal bacterial content is influenced by the interaction of
internal and mostly external factors that modulate its composi-
tion and function [43]. Principal among these factors are the
mode of delivery [10], breast or formula feeding [4, 8], intro-
duction of solid foods [41], bacterial load in the environment,
diet [9, 14], and the use of antibiotics [45]. These factors will
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determine individual microbial profiles, which in turn could
influence the future health of the individual [50].

The geographic region in which a child is born appeared to
be more important on the gut microbial composition than any
other parameter [14], in a way that seems to differ between
children living in developed and developing countries. One
explanation is the high levels of environmental contamination
to which children in developing countries are exposed early in
life [2, 4, 25, 27, 49], in contrast to the low bacterial exposure of
children subjected to strict hygiene habits in developed coun-
tries. According to the hygiene hypothesis, stringent hygiene
practices in developed countries can modify the initial micro-
bial exposure and hence the pattern of the intestinal microbiota
of infants, negatively impacting immune regulation and possi-
bly leading to the increased incidence of allergic and autoim-
mune diseases observed in developed countries [36].

The study of intestinal microbiota gained importance a few
decades ago, when molecular approaches provided sequence
information from different ecosystems [28, 46]. In particular,
analysis of the 16S ribosomal RNA gene provided an im-
mensely powerful tool by which to determine the evolutionary
interrelationships of microorganisms [6].

Although it is an expensive and labor-intensive methodol-
ogy [44], phylogenetic analysis based on 16S rRNA library
construction has been widely used to characterize human fecal
microbiota over the last two decades [22, 28, 31]. The 16S
rRNA library construction may result in a less sensitive as-
sessment of bacterial diversity [24]; however, it gives a good
phylogenetic/taxomonic assignments, revealing significant
differences between members of the intestinal microbiota
and permits the characterization of the most abundant organ-
isms, which may be better adapted to their niche [39, 50].

Given the increasing number of studies comparing the
microbiota composition of children from different countries,
the present work was undertaken to determine, using library
construction methodology and qPCR, the microbiota compo-
sition of group of children living in a low socioeconomic
environment in São Paulo, Brazil, considering the supply of
breast milk, diet, and intercurrent clinical factors. A few
studies using culture methodology have already been conduct-
ed in Brazil [30, 33]; however, using molecular approaches,
our group was the first to describe the fecal microbiota com-
position of Brazilian neonates [7].

Methods

Sample Collection

Ten children were enrolled in this study and were selected as
previously described [7]. The results of the 16S rRNA library
construction from this group at the first month of life have
already been described [7]. In this paper, the microbial

compositions at 3, 6, and 12 months of age were analyzed.
Fecal samples were collected from each child, at each time
point. A medical appointment was also scheduled at each
collection time. Information about breastfeeding, type of food
consumed, eventual illness, and social or economic disorders
were obtained monthly for each child by a pediatrician. The
mothers were instructed to collect the fecal sample immediately
after elimination with a standardized sterile spoon, place it in a
sterile plastic container, and keep it in a freezer (−20 °C) until
the appointment some hours later. Samples were transported all
the way to the laboratory in an ice-filled polystyrene container.

Clinical Information

The babies enrolled in this study were vaginally delivered at the
University Hospital of the University of São Paulo (HU-USP).
They had uneventful births, had no associated morbidities, were
full-term, and had adequate birth weights. The families belonged
to low socioeconomic communities. In general, the parents had
little schooling and low incomes; families lived in multi-
habitation homes, and some of them lived in slums. These
communities had electricity and running water, although access
to water in each home varied. The sewer system was inadequate.
Six of the ten babies were exclusively breastfed from birth until
5 months of age; the other four babies were fed either breast milk
and formula or only formula starting at the second or thirdmonth,
with the introduction of soft foods such as yogurt and baby food
(with vegetables and meat) at 3 or 4 months (Table 1). After
6 months, all the children had a diverse solid diet that included
meat, grains (rice, beans, peas, and lentils), wheat flour, fiber
(greens), fruits, milk (formula and/or breast milk) and yogurt.
Five of the six children whowere breastfed until 5 months of age
received oral antibiotics once or twice during the first year of life.
Among the children who were not exclusively breastfed before
5months of age, one received oral antibiotics during the first year
of life (Table 1). The antibiotics were prescribed to treat respira-
tory infections, such as bronchiolitis, pneumonia, sinusitis, and
otitis, for 7 or 10 days (Table 1).

DNA Extraction and 16S rRNA Amplification

DNAwas extracted from stools using the QIAamp DNA Stool
Mini-Kit (Qiagen, Canada) according to the manufacturer’s
instructions. Two bacteria-specific primers, 27F (5′AGA GTT
TGATCC TGG CTC AG 3′) and 1492R (5' GGT TAC CTT
GTT ACG ACT T 3′), were used to amplify the 16S rRNA
gene coding region [20]. Amplification reactions were per-
formed as described previously [20], and optimized in a total
volume of 100 μL containing 180 ng of DNA extracted from
each fecal sample, using a Platinum Taq DNA Polimerase
(Invitrogen). The PCR amplifications were performed using
the following program: 94 °C for 5 min, followed by 35 cycles
of 94 °C for 45 s, 62 °C for 1 min, 68 °C for 2 min, and a final
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extension period of 68 °C for 10 min. The amplified 16S rRNA
was purified with an UltraClean PCR kit (Invitrogen, USA).

Cloning the 16S rRNA Library

The purified PCR products were ligated into a pCR®2.1
TOPO plasmid vector and transformed into competent
DH5α Escherichia coli cells using an Original TA Cloning
Kit (Invitrogen, USA). 16S rRNA libraries were constructed
for each time point (3, 6, and 12 months). After bacterial
transformation, approximately 90 clones from each child at
each time point were selected, and their lysates were used as
the template in an amplification reaction using the M13
primers supplied in the cloning kit.

DNA Sequencing and Phylogenetic Analysis

The amplicons obtained as described above were purified with
an UltraClean PCR kit (Invitrogen, USA). The products were
analyzed using an automatedMegaBACE 1000 DNAAnalysis
System (GE Healthcare, USA) and Cimarron 3.12 Base Caller
(Cimarron Software Inc., USA), and sequencing reactions were
performed using the T7 primer supplied in the cloning kit.
Sequencing quality was analyzed using an online version of
Phred software (http://asparagin.cenargen.embrapa.br/phph/),
and nucleotides with a Phred score lower than 10 were
discarded. Qualified sequences were manually edited with
BioEdit software, v7.0.5.3 [19], to remove the vector and
primer sequences. Chimeric artifacts were checked by the
Chimera Slayer algorithm on Mothur v1.13.0 [42] using a
Silva-based alignment database as a reference. The phylogenet-
ic affiliations of the resulting sequences (approximately 450 bp
and larger) were determined using the Classifier program of the
Ribosomal Database Project (RDP) [48] and were confirmed
by BLASTn comparison using the NCBI GenBank database.

The Mothur program was also used to estimate the microbial
diversity by Operational Taxonomic Unit (OTU)-based ap-
proaches (ACE and Chao1 richness estimators, Shannon and
Simpson diversity indices) and hypothesis-based approaches
(Libshuff statistics and UniFrac distance comparison) [42]. The
sequences were aligned using the Silva 102 SSU Reference
database as a template [37], and a Phylip distance matrix file
was generated to cluster the sequences into OTUs. The diversity
analysis at the genera level was based on an OTU definition of at
least 95 % sequence similarity. A Venn diagram was drawn to
show the number of shared and unique OTUs in each sample.
Phylogenetic trees were constructed using ARB software [26]
with the neighbor-joining method and Felsenstein correction. A
phylogenetic tree of only the non-chimeric clone sequences was
subjected to weighted and unweighted UniFrac statistics, which
tested the hypothesis that a group of sequences (that is, branches
of a phylogenetic tree) may be unique to any sample. Bonferroni
correction was used to adjust the p value for Libshuff and
UniFrac tests, and therefore a p<0.0167 (0.05 divided by the
number of pair-wise comparisons) was considered significant.
Principal components analysis (PCA) was performed with the
software Canoco 4.56 (Microcomputer Power, Ithaca, NY, US)
to test correlations between samples (child) and bacterial diver-
sity (abundance of identified genera). In order to analyze specific
child–bacteria correlations, PCAwas conducted separately with
3-, 6-, or 12-month samples. In addition, samples from each time
point were pooled and tested as an age vs. genera PCA (e.g., the
sequences of all children at 3months were mixed and considered
as a unique sample).

Data Presentation

The relative abundance was calculated as the percentage of
sequences obtained for a specific bacterial genus in relation to
the total number of sequences recovered at each time point.

Table 1 Clinical information on antibiotic use, breastfeeding, and nutrition

Child no. Gender Antibiotc
use (time)

Feeding
at 3rd month

Feeding
at 5th month

Feeding at
6th month

Feeding at
12th month

1 F Amoxacillin (9th month—7 days) Breastfeeding Mixed Mixeda and softb food Formula milk and solid food

2 F NO Mixed Mixed Mixed and soft food Formula milk and solid food

3 F Cephalexin (1st month—7 days) Breastfeeding Breastfeeding Breastfeeding and soft food Formula milk and solid food

6 M Amoxacillin (7th month—10 days) Breastfeeding Breastfeeding Breastfeeding and soft food Formula milk and solid food

12 M Amoxacillin (2nd and 9th
month—7 days)

Breastfeeding Mixed Mixed and soft food Mixed and solid food

13 M NO Breastfeeding Breastfeeding Breastfeeding and soft food Mixed and solid food

14 M Amoxacillin (9th month—10 days) Breastfeeding Breastfeeding Breastfeeding and soft food Mixed and solid food

15 M Cephalexin (10th month—10 days) Breastfeeding Breastfeeding Breastfeeding and soft food Formula milk and solid food

16 M Amoxacillin (3rd month—7 days) Breastfeeding Mixed Mixed and soft food Formula milk and solid food

17 M Amoxacillin (6th month—10 days) Breastfeeding Breastfeeding Breastfeeding only Mixed and solid food

aMixed: breast and formula milk
b Soft food: yogurt, soup, and fruit
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The distribution of the abundances of each genus was graph-
ically presented. The prevalence was calculated as the per-
centage of neonates in the group that harbored a specific
bacterial genus.

Real-Time PCR

Bifidobacterium was not detected in the fecal samples using
the 16S rRNA library technique. Therefore, real-time PCR
was used to detect the presence of Bifidobacterium spp. in
fecal samples. The primers and probe were the same as those
validated by Furret et al. [16]. The amplification reaction was
conducted in a total volume of 50 μL containing 1x TaqMan
Universal PCRMaster Mix (Applied Biosystems, Foster City,
CA), 300 nmol/L of both primers, 150 nmol/LTaqMan probe,
and 0.2 ng of the purified target DNA. The amplification
reactions were performed using the following program:
50 °C for 2 min, 95 °C for 10 min and 42 cycles of 95 °C
for 15 s and 60 °C for 1 min. The reactions were conducted in
an Applied Biosystems Prism 7000 sequence detection
system (Applied Biosystems, Foster City, CA). To quan-
tify the copy number of Bifidobacterium 16S rRNA
(rrn) in the fecal samples, standard curves were deter-
mined by correlation of the rrn gene copy number and
threshold cycle (Ct) values for a 10-fold serial dilution
of Bifidobacterium animalis subsp. lactis HN019. The
data quantification was expressed as the mean and range
of the values encountered in the group.

Nucleotide Sequence Accession Numbers

The nucleotide sequences reported in this paper appear in the
DDBJ, EMBL, and GenBank nucleotide sequence databases
with the following accession numbers: 3 months—JX136918
to JX136953, 6 months—JX136869 to JX136917, and
12 months—JX548099 to JX548220.

Ethical Considerations

The research was approved by the Ethics Committee of the
HU-USP (under registration number 574/05). All mothers
enrolled in the research signed an informed consent form.

Results

16S rRNA Library Construction

Approximately 2,572 clones were obtained for the constructed
16S rRNA library. After excluding low-quality and chimeric
sequences, 2,225 sequences were gathered, each of which
encompassed approximately 450 bp from the 5′ end of the
16S rRNA; these sequences were used to analyze the

prevalence and relative abundance of microbes at each time
point (Table 2, Fig. 1). Diversity indices were estimated using
only the forward-aligned sequences (1,165 sequences,
Table 3). Six phyla were identified in the phylogenetic analysis:
Bacteroidetes, Firmicutes, Fusobacteria, Proteobacteria,
Actinobacteria, and Verrucomicrobia. Sequences were identi-
fied up to genera by comparing to type-strain sequences in the
RDP (Ribosomal Database Project) and Genbank reference
databases. A total of 70 type-strain reference sequences were
used to assign taxonomy of the sequences from the 3- to 12-
month samples. Sequences similar to the genus Escherichia
were the most abundant, with 401 clones for the 3- to 12-month
period (Fig. 1). Some OTUs aligned with maximum identity
and coverage to sequences designed as “uncultured bacteria” at
GeneBank, which the identities had not, or could not be
established by the time of analysis. In this work, these se-
quences were denominated as “unidentified bacteria”. Their
phylogenetic identities are represented from multiple branches
of the phylogenetic tree (Fig. 4)

Sample Data

The obtained sequences were pooled for a monthly age anal-
ysis, with a number of different samples in each pool. At
3 months, a total of 614 sequences were obtained from fecal
samples from the 10 children. The genus Escherichia was
predominant (30 % relative abundance and 86 % prevalence),
followed by Streptococcus (22 % relative abundance and
86 % prevalence) (Table 2, Fig. 1). The strict anaerobes
Bacteroides and Clostridium were detected at low rates of
abundance (2 and 10 % relative abundance), despite the fact

Table 2 Relative abundance and frequency of colonization of bacterial
genera identified in fecal samples between 3 and 12 months of age

Bacterial genera Relative abundance Prevalence

1a (%) 2b (%) 3c (%) 1a (%) 2b (%) 3c (%)

Bacteroides 2 2 1 43 44 33

Clostridium 10 2 4 29 44 44

Escherichia 30 40 33 86 100 78

Klebsiella 5 6 2 71 67 44

Lactobacillus 5 6 1 71 44 11

UBd 21 29 38 86 100 100

Streptococcus 22 5 11 86 67 78

Veillonella 1 4 4 14 56 33

Others 3 8 7 57 56 89

aAnalysis point at 3 months of age
bAnalysis point at 6 months of age
c Analysis point at 12 months of age
dUnidentified bacteria
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that Bacteroides were found in almost half of the study group
(43 % prevalence). The same phenomenon was observed for
Lactobacillus (5 % relative abundance and 71 % prevalence),
which exhibited low rates of abundance but high prevalence
among the children. The group of the “unidentified bacteria”
was detected in 86 % of the samples (Fig. 1, Table 2). At
6 months, the predominance of Escherichia was still ob-
served, with 40 % relative abundance and 100 % prevalence.
Compared to the profile observed at 3 months of life, there
was a high increase in unidentified bacteria (29 % relative
abundance and 100 % prevalence); however, there was a
decrease in the genus Streptococcus (5 and 67%). The profiles
of Klebsiella (6 and 67 %), Lactobacillus (6 and 44 %),
Veillonella (4 and 56 %), and Bacteroides (2 and 44 %) at
6 months were similar to those at 3 months. At 12 months of
age (Fig. 1, Table 2), we observed increased complexity in the
fecal microbial composition, as evidenced by high coloniza-
tion of unidentified bacteria (38 and 100 %) and microorgan-
isms classified as “other” (7 and 89 %), such as Akkermansia,
Citrobacter, and Ruminococcus, which were found at low
rates at earlier ages. At 1 year of age, the genus Lactobacillus
showed a marked reduction, with a frequency of colonization
of 1 % and a relative abundance of 11 %. As at all-time points,
the genus Escherichia remained the most abundant microor-
ganism (33 and 78 %).

Microbial Profile According to the Supply of Breast Milk

The data from the libraries were classified into two groups:
those from children who were exclusively breastfed until
5 months of age (group 1) and those from children who
received artificial formula, and/or other types of food before
5 months of age (group 2) (Table 1). The microbial profile of
group 1 was predominantly composed of Escherichia and
unidentified bacteria, with fluctuations over the months but
without changes in the frequency of colonization or abun-
dance. Children from group 2 exhibited a diverse fecal

microbial profile that was distinct from that of group 1,
suggesting the interference power of early weaning for the
establishment of microbiota in the first months of life. Based
on the results described above, we constructed one table with
information for each time point about the prevalence of the
major bacterial genera identified in this study (Table 3). In
group 1, the genera Bacteroides, Veillonella, and Lactobacillus
were prevalent at 3, 6, and 12 months. In group 2, Clostridium
and Streptococcus were prevalent, but Lactobacillus was ab-
sent. The data at 6 months revealed differences between the two
groups, suggesting the impact of breast milk on microbial
composition at this age; however, there was no difference
between these two groups at 12 months of age.

Real-Time PCR of Bifidobacteria

Real-time PCR for Bifidobacterium detection was conducted
because the 16S rRNA primers used in the cloning library
were not able to amplify Bifidobacterium sequences. Using
this approach, Bifidobacterium was detected at every studied
time point. However, just one child (no. 17) did not show
counts ofBifidobacterium, only at the sixth month of life, after
10 days treatment with amoxicillin (Table 1). At the 12th
month, Bifidobacterium count in that child was found at
1.3×1011 copies per milligram of DNA. Quantification
yielded counts that ranged from 1.0×1010 to 1.15×1013 cop-
ies per milligram of DNA at 3 months (median value of 2.5×
1012 copies per milligram of DNA), from zero to 3.97×1011

copies per milligram of DNA at 6 months (median value of
1.93×1011 copies per milligram of DNA) and 2.68×108 to
4.29×1011 copies per milligram of DNA at 12 months (medi-
an value of 2.62×1011 copies per milligram of DNA).

Multivariate Analysis of Clone Libraries

The changes in childhood fecal communities over time (3
through 12 months) were analyzed by PCA using the abun-
dance data (number of sequences) for each child. At 3 months,
the fecal microbial profile was composed of a main, central
group of four children (children 2, 3, 14, and 15) who exhib-
ited a pattern influenced by the presence of highly abundant
genera (such as Veillonella, Lactobacillus, Prevotella,
Bacteroides, and Enterobacter) and most of the low-
abundance or rare genera (Fig. 2a). Nevertheless, three chil-
dren did not belong to this main group because their profiles
were influenced by a high abundance of specific genera, such
as Clostridium (child 1), Streptococcus (child 6), and
Escherichia (child 12). Pediatric reports for these three chil-
dren indicated poor hygiene practices and child care, the use
of a pacifier or antibiotics (child 12—Table 1). At 6 months,
each child presented a different microbial community, which
resulted in a broader spread of the samples along the PCA
axes (Fig. 2b). The PCA analysis of these 6-month-old
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Fig. 1 Bacterial profile of the 16S rRNA library constructed using fecal
samples from a group of 10 children. The sequences were grouped into
genera. The data shown were pooled for each time point. 1: analysis point
at 3 months of life; 2: analysis point at 6 months of life; 3: analysis point at
the 12 months of life
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children suggests a transition profile in the composition of
fecal microbiota at this age. Finally, at the end of the first year
of life, the microbial profile revealed a main group comprising
all but two of the children (children 6 and 12) (Fig. 2c);
pediatric reports indicated the use of antibiotics at the seventh
(child 6) and ninth (child 12) months (Table 1). Based on the
PCA analysis of age vs. genera (Fig. 2d), the microbiota at
3 months is mainly composed of Clostridium, Streptococcus,
and some rare genera. At 6 months, this profile changes to
high abundances of Enterobacteria, anaerobic bacteria, and
different rare genera. Later, at the end of the first year of life,
this pattern changes again and includes a predominance of
unidentified bacteria, Escherichia, Veillonella, and other gen-
era, demonstrating a succession of microbial communities in
the human intestine during this time.

α and β Diversity of Fecal Microbiota

We analyzed the richness and diversity of the microbiota by
comparing groups at the three time points. The α diversity
indices, which estimate the richness (Ace and Chao1) and
diversity (Simpson and Shannon) [42] of a single sample,
were calculated for each time point. The coverage rates of
the 16S rRNA libraries were higher than 90 % for genera
(95 % similarity cutoff), which is considered the minimum
coverage necessary to analyze OTUs with confidence [23].
Richness and diversity estimates were higher at 12 months
than at 3 or 6 months (Table 4). Interestingly, richness and
diversity were lower in the 6-month group than in the 3-month
group. Venn diagrams were constructed to better represent the
results of shared richness between samples, which, according
to a detailed analysis, represent the number of observed OTUs
at each analysis point and the number of OTUs shared be-
tween groups (Fig. 3). The 12-month group had the most

unique sequences (33 OTUs), followed by the 6-month (19
OTUs) and 3-month (14 OTUs) groups. Thirteen OTUs were
shared among the three groups. Tests of hypotheses (β diver-
sity) were performed with the groups to determine the prob-
ability of two ormore communities sharing the same structure.
The Libshuff test revealed that the community composition at
each time point was significantly different (p<0.001 for each
pair-wise comparison), showing that no community was a
subsample of another. In agreement with the Libshuff test,
the UniFrac method (weighted and unweighted), which is
based on phylogenetic information, demonstrated that each
time point contains microbial communities with different
structures (p<0.001 for each pair-wise comparison). To assess
the overall composition of the library, a phylogenetic tree was
built with a representative sequence from each OTU (using
95 % similarity cutoff for genus) and the corresponding ref-
erence sequence from the RDP (Fig. 4). Overall, sequences
were divided into six major phyla: Bacteroidetes, Firmicutes,
Fusobacteria, Proteobacteria, Actinobacteria, and
Verrucomicrobia. Although the highest number of genera
(number of different OTUs) were from the phylum
Firmicutes, the relative abundance (number of clones within
each OTU) was much greater for the phylum Proteobacteria,
most of which was represented by the genus Escherichia. An
analysis of sequences most similar to unidentified bacteria
revealed that 82% of the clones were similar to bacteria within
the phylum Firmicutes, 14 % were similar to the phylum
Bacteroidetes and 4 % were similar to Proteobacteria.

Discussion

The colonization of the gastrointestinal tract in children is a
remarkable episode in the human life cycle. After birth, a rich

Table 3 Prevalence of fecal microbial genera in children with and without exclusive breastfeeding before 5 months of age

Bacterial genera Exclusive breastfeeding until 5 months of age Mixed feeding before 5 months of age

3 months (n=3) 6 months (n=6) 12 months (n=5) 3 months (n=4) 6 months (n=3) 12 months (n=4)

Bacteroides 2 +/− 1 +/− 2 +/−
Clostridium 0 +/− 1 1 2 1

Escherichia 3 2 2 2 2 2

Klebsiella 2 2 2 2 2 +/−
Lactobacillus 2 1 +/− 2 0 0

UBa 2 2 3 2 2 3

Streptococcus 2 1 2 2 2 2

Veillonella 1 1 2 0 2 0

n number of children

0, Undetected genera;+/−, Irregular (present in 1–39% of children); 1, Regular (present in 40–69% of children); 2, Constant (present in 70% ormore of
children); 3, Constant and abundant (present in 70 % or more of children with at least 30 % abundance)
a Unidentified bacteria
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and dynamic ecosystem develops within a most probably sterile
environment. The evolution and symbiosis among the first mi-
croorganisms to colonize the intestinal mucosa and form a resi-
dent microbiota undoubtedly involve several interactions be-
tween the microbiota and the host, with important consequences
for human health [35]. Indeed, understanding the infant intestinal
microbiota may provide insights for the prevention of important
diseases [8].

It has already been established that the human intestinal
microbiota is dominated by the phyla Bacteroides and
Firmicutes, whereas Proteobacteria, Verrucomicrobia,
Actinobacteria, Fusobacteria, and Cyanobacteria are present
in lower proportions [12]. In the present study, phylogenetic
analysis of sequence data identified six phyla: Bacteroidetes,
Firmicutes, Fusobacteria, Proteobacteria, Actinobacteria, and
Verrucomicrobia. The phylum Firmicutes was found to have
higher richness, in accord with other human intestinal micro-
biota studies [11, 29], but higher abundance was found for the
phylum Proteobacteria, represented by the genus Escherichia.

The result of the Venn diagram indicates that 13
OTUs belonging to the genera Escherichia, Bacteroides,
Streptococcus, Lactobacillus, Enterococcus, Veillonella,
Enterobacter, Klebsiella, to the family Ruminococcaceae
and Lachnospiraceae and to the phyla Bacteroidetes,
Firmicutes, and Proteobacteria were common among
the microbiota at 3, 6, and 12 months, suggesting that
these microorganisms have a role in the development of
the microbial profile. These data revealed an increase in
microbial richness along with age, as evidenced by the
number of OTUs at each time point analyzed. The 12-
month group had the largest number of unique OTU,
followed by the 6 and 3-month groups, suggesting that
the succession of microorganisms during the develop-
ment of the microbiota is a dynamic process involving
the entry and replacement of microorganisms over time.
Although using different molecular approaches, Favier
et al. [15] and Roger and McCartney [40] observed
similar data.

Fig. 2 PCA of fecal communities over time for each child. Fecal community distribution at a 3 months, b 6 months, and c 12 months of life. d
Correspondence between time point and bacterial genera
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PCA analysis yielded corresponding results. At 3 months,
the microbiota was composed mostly of environmental gen-
era, such as Clostridium, members of the Enterobacteriaceae
and Enterococcus [1]. At 6 months, all of the children were
already eating solid foods and drinking infant formula with or
without breast milk. Besides breast milk, solid food also
introduces different microorganisms and is a more variable
source of nutrients, which may causes disturbances in the
established microbial community. At this time, the microbiota
exhibited a transitional profile. Although each child presented
a unique microbial pattern and variable colonization, at
12 months, the fecal microbiota exhibited a higher shared
richness, suggesting a tendency to stabilization [15, 35]. Ac-
cording to Palmer et al. [35], the microbiota of children at
approximately 1 year of age is different from that of infants
but is very similar to that of adults.

The first intestinal colonizers are often facultative aerobic
organisms such as Staphylococcus, Streptococcus, and
enterobacteria. Subsequent colonizers tend to be strict anaer-
obes such as Eubacterium and Clostridium [35]. We previ-
ously described the microbial profile of newborns from a
developing country [7] and demonstrated that the highest
relative abundance identified in neonatal samples belonged
to phylogenetic groups Escherichia and Clostridium, while
Staphylococcus and Bacteroides were identified at low rates.
From the third to the twelfth month of age, the abundance of
Escherichia remained high, Staphylococcus was absent, and
Bacteroides was identified at low rates. This pattern of colo-
nization is in contrast to that observed in children living in
developed countries [3, 5].

There was a significant and gradual increase in the abun-
dance of unidentified bacteria during the first year of life;
ranging from 21 % at the 3rd month to approximately 40 %
of the microbiota in children at the 12th month of life.
Throughout the first year, unidentified bacteria exhibited
higher richness and diversity and were predominantly com-
posed of bacteria from the phylum Firmicutes, indicating the
evolution of complexity in the fecal microbiota.

E. coli is one of the first colonizers of the infant gut and is
acquired from the mother’s fecal microbiota during delivery [4,
34]. E. coli colonizes the large intestine for prolonged periods
because it expresses P fimbriae, and can adhere to colonic cells

[34]. Notably, Escherichia was the predominant genus at each
time point studied. The presence of Escherichia in the
infant intestinal microbiota has been demonstrated pre-
viously [13], but here we report its presence in a higher
abundance in a group of children living in a low socio-
economic environment in São Paulo, Brazil. A combi-
nation of external factors such as environmental con-
tamination, found in their neighborhood and public
childcares, and diversity of diet seems to facilitate the
persistence and high abundance of Escherichia in Bra-
zilian children throughout the first year of life.

As discussed previously [7], since the primers used in this
study were not able to amplify Bifidobacterium DNA [7, 20,
21], qPCR was conducted in order to quantify this genera in
children. The highest counts of Bifidobacteriumwere found in
3-month-old children, reflecting the role of breast milk in early
microbial composition. The relation between the milk carbo-
hydrates, such as lactose and other oligosaccharides, and the
increase of heal th-promoting bacter ia such as
Bifidobacterium and Lactobacillus in intestinal microbi-
ota is well established [18, 41]. As discussed above, the
transitional profile of the microbiota at 6 months was
also apparent in the Bifidobacterium counts, which
reached their lowest values at this time. Bifidobacterium

Table 4 Richness estimators, diversity indices, and coverage of bacterial 16S rRNA sequences from 3-, 6-, and 12-month-old children (the OTU was
defined as a ≥95 % similarity cutoff)

Sample No. of sequencesa OTUs Richness estimator Diversity indices Coverage

Ace Chao1 Simpson Shannon (%)

3 month 387 49 115 70 0.145 2.60 94

6 month 386 40 67 57 0.192 2.45 96

12 month 392 68 131 95 0.108 3.06 92

a The number of forward-oriented clone inserts (5′–3′) after excluding those of weak quality and suspected chimeras

Fig. 3 Venn diagram showing the number of unique and shared OTUs
among the children. A genus-based OTU definition was used (≥95 %
similarity cutoff)
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group are described as far as the predominant group detected
in children feces [4, 14, 36, 38], mainly in pre-weaned infants,

and the decreasing count of Bifidobacterium at later ages was
already described [49], indicating that this group of Brazilian

Fig. 4 Phylogenetic relationships among the OTUs detected in fecal
samples from children. Black branches represent 3-month samples, gray
branches represent 6-month samples, and white branches represent 12-

month samples. Reference sequences are indicated by their taxonomic
names, and unidentified clones are followed by their GenBank accession
numbers
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children has the same evolution of this genera in microbiota
composition like elsewhere.

By contrast, Clostridium was identified with higher abun-
dance during the first year of life in children who were weaned
early, and it was already established that this genus is most
prevalent in infants who are fed milk formula [1]. Previous study
has reported thatClostridium species are related to the regulation
of some host metabolic pathways [32], and it is abundant in gut
microbiota of healthy adults [20, 21]. Since the diversity analysis
was done at the genera level, we could not associate diet and
environment factors to specific pathogenic Clostridium species,
as Clostridium difficile and Clostridium perfringes. However, in
this cohort of babies, Clostridium presence might implicate a
transition towards an adult-like gut microbiota.

The effect of the antibiotic on fecal microbiota composition
of this group of children did not show a unique pattern over
the months studied. We can observe changing in the microbi-
ota profile in some children in relation to the group in the same
period, as evidenced in children 6, 12, and 17. According to
some authors, antibiotic treatment causes disturbance in the
expected patterns of Bifidobacterium species and an over-
growth of enterobacteria could be seen [14, 45]. Our findings
suggest that the effect of the antibiotic may also be subjected
to individual variability of the intestinal microbiota.

The use of library construction and of qPCR methodology
allowed the preliminary identification of fecal microbiota
from Brazilian children. The present results corroborate the
global observation of inter-individual variability with an early
establishment of microbial complexity at the end of the first
year of life, and highlight the presence of the Escherichia as
abundant in microbiota composition of this group of children.
These data may contribute to the worldwide understanding of
how the geographic region and its environmental contamina-
tion influence the intestinal microbiota establishment.
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