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Abstract: The infant gut microbiota plays a critical role in early life growth and derives mainly from
maternal gut and breast milk. This study aimed to analyze the differences in the gut microbiota,
namely Bifidobacterium and Lactobacillus communities at species level among breast milk as well
as maternal and infant feces at different time points after delivery. Fifty-one mother–infant pairs
from Indonesia were recruited, and the breast milk and maternal and infant feces were collected
and analyzed by high throughput sequencing (16S rRNA, Bifidobacterium groEL and Lactobacillus
groEL genes). PCoA results showed bacterial composition was different among breast milk and
maternal and infant feces within the first two years. The abundance of Bifidobacterium and Bacteroides
were significantly higher in infant feces compared to their maternal feces from birth to two years
of age, and maternal breast milk within six months after birth (p < 0.05), whereas the abundance of
Blautia, Prevotella, and Faecalibacterium was higher in maternal feces compared to that in breast milk
within six months and infant feces within one year after birth, respectively (p < 0.05). The relative
abundances of Bacteroides and Lactobacillus was higher and lower in infant feces compared to that in
maternal feces only between one and two years of age, respectively (p < 0.05). For Bifidobacterium
community at species level, B. adolescentis, B. ruminantium, B. longum subsp. infantis, B. bifidum, and
B. pseudolongum were identified in all samples. However, the profile of Bifidobacterium was different
between maternal and infant feces at different ages. The relative abundances of B. adolescentis and
B. ruminantium were higher in maternal feces compared to those in infant feces from birth to one
year of age (p < 0.05), while the relative abundances of B. longum subsp. infantis and B. bifidum were
higher in infant feces compared to those in maternal feces beyond three months, and the relative
abundance of B. pseudolongum was only higher in infant feces between three and six months (p < 0.05).
For Lactobacillus community, L. paragasseri showed higher relative abundance in infant feces when the
infant was younger than one year of age (p < 0.05). This study showed bacterial composition at the
genus level and Bifidobacterium and Lactobacillus communities at the species level were stage specific
in maternal breast milk as well as and maternal and infant feces.
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1. Introduction

The gut microbiota in developing infants plays an important role in improving, reg-
ulating, and maintaining early life health [1,2]. Therefore, the first 1000 days represent a
crucial window for healthy early life growth and development [3]. From birth to six months,
the infant gut microbiota is mainly defined by mode of delivery (cesarean or vaginal deliv-
ery), feeding method, lactation stage, and maternal microbiota. With the introduction of
solid food from six months onward, the gut microbiota deviates from that during the first
six months [4]. Various bacterial compositions have been seen at different ages. However,
the core bacterium in the infant gut remains Bifidobacterium before weaning, and with the
introduction of solid food, the structure and dynamics of infant/child bacteria become
more adult-like. In addition to Bifidobacterium, Cutibacterium which has the ability to me-
tabolize lactic acid and produce propionic acid, is also an early colonizer in the infant gut.
The relative abundance of Cutibacterium has been shown to decrease with age [5], while
Clostridia, Dialister, and Akkermansia cannot be detected at birth but occur in the infant gut
from 12 months onward [6].

The source of the infant gut microbiota varies, mainly arising from maternal gut,
human breast milk (HBM), vagina, mammary gland, and the environment [7], among
which maternal gut and HBM were reported to account for 22.1% and 18.5% of infant gut
microbiota, respectively [8,9]. The gut microbiota of vaginally delivered and breast-fed
infants were found to be more similar to that of maternal intestines and HBM, while
the gut microbiota of infants delivered by caesarean section were more similar to that
of skin of maternal mammary gland [7]. However, some recent studies have indicated
that infant gut microbiota could be different from maternal gut and HBM although they
were vaginally delivered and exclusively breast-fed [10,11]. For instance, the infant gut
was colonized largely by Bifidobacterium and Bacteroides within the first six months, while
the most common bacteria in HBM were Staphylococcus and Streptococcus and with a low
level of Bifidobacterium [3], while the maternal intestine was dominated by Prevotella [12].
Additionally, the richness and diversity of bacteria in the maternal gut have been reported
as seen significantly higher compared to that in HBM and the infant gut, while the maternal
gut had less Bacteroides and a higher relative abundance of Clostridia class compared to the
infant gut [13].

A study on the Indonesian infant fecal microbiome from birth until weaning showed
a different microbiome from their mothers [12]. The purpose of the present study was to
track HBM and gut bacterial communities of mothers and their infants at species level at
different time points after delivery. In the present study, 51 mother–infant pairs, delivered
vaginally, full term, and exclusively breastfed, were recruited and sampled from birth to
two years of age in Indonesia. The 133 samples (31 HBM samples, 51 maternal feces, and
51 child feces) were analyzed for microbiota at genus level based on 16S rRNA sequencing,
while Bifidobacterium and Lactobacillus communities and abundance at species level were
enumerated by Bifidobacterium and Lactobacillus groEL sequencing, respectively.

2. Materials and Methods
2.1. Recruitment of Volunteers

A total of 51 mother–infant pairs in Indonesia were recruited in this study. The
Universitas Gadjah Mada’s review board approved this study (Ref # KE/FK/335/EC,
8 April 2014). Before participation, informed consent was obtained from all individuals
and all experiments were performed according to approved guidelines and regulations.

The recruited mothers had no history of serious illness. All the infants were vaginally
delivered and exclusively breast fed to six months old age. Both mothers and children did
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not receive drugs, antibiotics, nor probiotics throughout the study. The maternal–infant
pairs were divided into five groups according to the age of child, namely <one month
(n = 10 pairs), 1–three months (n = 11 pairs), 3–six months (n = 10 pairs), 6–12 months (n =
10 pairs), and 12–24 months (n = 10 pairs).

2.2. Collection of Samples and Sample Processing
2.2.1. HBM Samples

HBM samples were collected before six months after delivery. The skin of maternal
breasts was scrubbed with alcohol and the first 1–2 mL breast milk were discarded to
minimize potential contamination. A total of 10 mL breast milk was collected in a 50 mL
sterile tube and stored frozen at−80 ◦C. HBM samples were defrosted at room temperature
and centrifuged at 4 ◦C (10,000× g/min, 10 min) to remove fat and whey. Sediments were
collected for DNA extraction.

2.2.2. Fecal Samples

Fecal samples of mothers and children from 1 to 24 months of age after birth were
collected. Hence, we collected 5 g of feces and suspended in a 15 mL tube. Then, 1 g
fecal samples were transferred to 15 mL tubes and 10 mL phosphate buffered solution was
added before centrifugation at 4 ◦C (1000× g/min, 5 min) to remove large fragments. Then,
5 mL supernatants were moved to a new tube and centrifuged at 4 ◦C (10,000× g/min,
10 min) to collect sediments for DNA extraction.

2.3. DNA Extraction and High throughput Sequencing

FastDNA Spin Kit for Feces (MP Biomedicals, LLC, Irvine, CA, USA) was used for
DNA extraction from HBM and fecal samples. Bacterial sediment was put into a Lysing
Matrix E tube. Then, 825 µL sodium phosphate buffer and 275 µL pre-lysis solution
dissolving solution were added and vortexed for 10–15 s, followed by centrifugation at
14,000× g for 5 min, and the supernatant was discarded. Subsequently, 978 µL sodium
phosphate buffer and 122 µL MT buffer were added and to the mix, shaken, and broken at
70 HZ on the high-throughput tissue grinder for 30 s (3~5 times). Then, the Lysing Matrix
E tube was centrifuged at 14,000× g for 10 min. Finally, bacterial DNA was in supernatant
and purified utilizing the FastDNA Spin Kit for Feces.

2.4. 16S rRNA Sequence

The V3-V4 regions of the 16S rRNA gene was PCR-amplified using primers 341F (5′-
CCTAYGGGRBGCASCAG-3′) and 806R (5′-GGACTACNNGGGTATCTAAT-3′) [14]. The
condition and system of PCR were referenced as previously described [15]. The PCR product
was loaded to agarose gel electrophoresis. Then QIAquick Gel Extraction Kit (QIAGEN,
Hilden, Germany) was used for the recovery of electrophoretic gel products. After the
extracted products were determined by the Qubit 3.0. fluorometer, DNA libraries were loaded
on an Illumina MiSeq sequencing system according to the manufacturer’s instructions.

2.5. GroEL Sequencing of Bifidobacterium and Lactobacillus

The step for groEL sequencing of Bifidobacterium and Lactobacillus was similar to that
in 16S rRNA sequencing except with different primers and PCR conditions according to
the previous description [16].

2.6. Statistical Analysis

The QIIME 2 data analysis software package was used to analyze the 16S rRNA
data [17] as previously described [14]. The sequence of Bifidobacterium and Lactobacillus
groEL genes was assigned by the Bifidobacterium groEL database and Lactobacillus groEL
database from a previous study [16]. Sequences of 16S rRNA, Bifidobacterium groEL, and
Lactobacillus groEL were used to calculate the alpha diversity. Beta diversity was assessed
by principal coordinate analysis (PCoA). The distance among groups was estimated from
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the Bray–Curtis index, and PERMANOVA was used to calculate the difference [18]. The
differences of alpha diversity and the relative abundance of bacteria between two groups
were quantified by the paired T test and R package.

3. Results
3.1. Bacterial Diversity of HBM, Maternal Feces and Child Feces

Chao1 and Shannon indices were used to assess the richness and diversity of the
bacterial community, respectively. BMA group (infant younger than one month of age)
showed a significantly higher Chao 1 index compared to that of BFA group (p < 0.001,
Figure 1A), and BMB group (infant between one and three months of age) showed a
significantly higher Chao 1 index compared to that of BFB group (p < 0.05, Figure 1A),
while infants in BMC group (between three and six months of age) showed higher diversity
compared to BFC group based on Shannon index (p < 0.05, Figure 1A). In addition, alpha
diversity in bacterial communities between the maternal–child feces, group MFA, MFB,
and MFC showed higher diversity and richness compared to those in BFA, BFB, and BFC,
respectively (p < 0.001, Figure 1B). Additionally, a higher richness was found in MFD and
MFE groups compared to BFD (infant between six and 12 months of age, p < 0.05) and BFE
(infant older than 12 months of age, p < 0.01, Figure 1B), while no significant difference in
diversity was found between them.

Figure 1. Alpha-diversity illustrating richness and diversity in microbiota of human breast milk
and infant feces (A), maternal and infant feces (B). *, p < 0.05; ** p < 0.01, *** p < 0.001; # p < 0.05.
BMA: breast milk (corresponding to infant younger than one month of age), BMB: breast milk
(corresponding to infant between 1 and three months of age), BMC: breast milk (corresponding to
infant between three and six months of age), MFA: maternal feces (corresponding to infant younger
than one month of age), MFB: maternal feces (corresponding to infant between 1 and three months
of age), MFC: maternal feces (corresponding to infant between three and six months of age), MFD:
maternal feces (corresponding to infant between six and 12 months of age), MFE: maternal feces
(corresponding to infant older than 12 months of age), BFA: infant feces younger than one month
of age, BFB: infant feces between 1 and three months of age, BFC: infant feces between three and
six months of age, BFD: infant feces between six and 12 months of age, BFE: infant feces older than
12 months of age.

PCoA was carried out to further evaluate the dissimilarity of bacterial composition
among HBM, maternal, and child feces based on the Bray–Curtis metric. Significant
differences were found in the bacterial composition of HBM, maternal, and children fecal
samples 1–six months after birth (p < 0.001) based on Bray–Curtis distance (Figure 2A).
In addition, similar differences in bacterial composition were found between maternal
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and child feces 6–12 months after birth (p < 0.001, Figure 2B). However, the differences
disappeared when the children were older than 12 months (p = 0.177, Figure 2B).
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between three and six months of age), MFA: maternal feces (corresponding to infant younger than one month of age), MFB:
maternal feces (corresponding to infant between 1 and three months of age), MFC: maternal feces (corresponding to infant
between three and six months of age), MFD: maternal feces (corresponding to infant between six and 12 months of age),
MFE: maternal feces (corresponding to infant older than 12 months of age), BFA: infant feces younger than one month of
age, BFB: infant feces between 1 and three months of age, BFC: infant feces between three and six months of age, BFD: infant
feces between six and 12 months of age, BFE: infant feces older than 12 months of age.

3.2. Bacterial Composition and Difference among HBM, Maternal Feces and Child Feces

OTU analysis revealed the bacterial composition in the HBM and maternal and chil-
dren fecal samples. The top 30 bacteria in each stage of HBM and maternal and child
fecal samples were selected. The other genera were classified as ‘other’. Staphylococcus
(35.2%), Streptococcus (20.7%), and Escherichia-Shigella (15.5%) were predominant in HBM
samples at different stages throughout lactation, namely BMA, BMB, and BMC (Figure 3A).
Bifidobacterium showed a low relative abundance among the three stages of HBM samples
(0.15%, 0.5%, 1.1%) (Figure 3A). Low relative abundance was also found in Lactobacillus
at the respective stages (0.3%, 0.9%, 1.4%). The low abundances may result in a low level
of amplification for Bifidobacterium and Lactobacillus and difficulty in identification at the
species level of HBM samples (Figure S1A).

Among the top 30 genera, Ruminococcaceae was predominant in MFA (13.5%), Faecal-
ibacterium was predominant in MFB (10.9%) and MFC (11.0%), and Prevotella was predomi-
nant in MFD (26.8%) and MFE (15.5%). Bifidobacterium and Lactobacillus were also among
the top 30 genera. Bifidobacterium showed the lowest relative abundance in MFA (0.8%) and
higher in MFB (1.5%), MFC (2.3%), MFD (4.7%), and MFE (3.4%). The relative abundance
of Lactobacillus was lower than 1% in MFA (0.3%), MFB (0.9%), MFC (0.8%), and MFD
(0.2%), while the relative abundance of Lactobacillus in MFE group was 2.6% (Figure 3B).
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Figure 3. Top 30 genera in human breast milk, maternal and infant feces. (A) human breast milk; (B) maternal feces;
(C) child’s feces. BMA: breast milk (corresponding to infant younger than one month of age), BMB: breast milk (correspond-
ing to infant between 1 and three months of age), BMC: breast milk (corresponding to infant between three and six months
of age), MFA: maternal feces (corresponding to infant younger than one month of age), MFB: maternal feces (corresponding
to infant between 1 and three months of age), MFC: maternal feces (corresponding to infant between three and six months of
age), MFD: maternal feces (corresponding to infant between six and 12 months of age), MFE: maternal feces (corresponding
to infant older than 12 months of age), BFA: infant feces younger than one month of age, BFB: infant feces between 1 and
three months of age, BFC: infant feces between three and six months of age, BFD: infant feces between six and 12 months of
age, BFE: infant feces older than 12 months of age.
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The predominant genus found in child feces was Bifidobacterium regardless of age in
the current study. The relative abundance of Bifidobacterium in the different age stages were
28.0%, 38.6%, 49.2%,59.0%, and 11.7%, respectively. However, Lactobacillus in child feces
showed low relative abundance throughout all the groups, which was 1.7%, 2.5%, 2.8%,
2.1%, and 1.0%, respectively.

3.3. Bacterial Difference among HBM, Maternal and Child Feces

Orthogonal partial least squares discrimination analysis (OPLS-DA) was performed
to investigate the inherent differences among HBM, maternal and children fecal samples.
According to the VIP and p values of the assigned microbiota (VIP > 1, p < 0.05), from one
to six months, higher relative abundances of Bacteroides and Bifidobacterium were found in
infant feces compared to HBM (Bacteroides: BFA vs. BMA, p < 0.05; BFB vs. BMB, p < 0.05;
BFC vs. BMC, p < 0.05; Bifidobacterium: BFA vs. BMA, p < 0.05; BFB vs. BMB, p < 0.001; BFC
vs. BMC, p < 0.001; Figure 4).
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Figure 4. Different genera in human breast milk and infant feces. (A), significant difference of Bacteroides in HBM and
infant feces. (B) significant difference of Bifidobacterium in HBM and infant feces. The two points connected by a line are the
same mother-infant pair. BMA: breast milk (corresponding to infant younger than one month of age), BMB: breast milk
(corresponding to infant between one and three months of age), BMC: breast milk (corresponding to infant between three
and six months of age), BFA: infant feces younger than one month of age, BFB: infant feces between one and three months
of age, BFC: infant feces between three and six months of age, BFD: infant feces between six and 12 months of age, BFE:
infant feces older than 12 months of age.

The Bifidobacterium community also showed significant difference between maternal
and child feces among the five stages (BFA vs. MFA, p < 0.05; BFB vs. MFB, p < 0.001; BFC
vs. MFC, p < 0.001; BFD vs. MFD, p < 0.001; BFE vs. MFE, p < 0.05; Figure 5A). For Blautia
and Prevotella, significant difference between maternal and child feces were only found
from the first month to sixth month after birth (Blautia: BFA vs. MFA, p < 0.01; BFB vs.
MFB, p < 0.05; BFC vs. MFC, p < 0.05; Figure 5B; Prevotella: BFA vs. MFA, p < 0.05; BFB vs.
MFB, p < 0.05; BFC vs. MFC, p < 0.05; Figure 5C). However, from the 12th month to the
24th month, a higher relative abundance of Bacteroides and a lower relative abundance of
Lactobacillus were found in BFE (p < 0.05, Figure 5D; p < 0.05, Figure 5E). Additionally, the
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relative abundance of Faecalibacterium was higher in maternal feces than that in child feces,
except for children over 12 months of age (BFA vs. MFA, p < 0.001; BFB vs. MFB, p < 0.001;
BFC vs. MFC, p < 0.001; BFD vs. MFD, p < 0.01; Figure 6).
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Figure 5. Different genera in maternal and infant feces. (A–E) stand for significant difference of
Bifidobacterium, Blautia, Prevotella, Bacteroides, and Lactobacillus in maternal and infant feces, respec-
tively. The two points connected by a line are the same mother-infant pair. MFA: maternal feces
(corresponding to infant younger than one month of age), MFB: maternal feces (corresponding to
infant between one and three months of age), MFC: maternal feces (corresponding to infant between
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three and six months of age), MFD: maternal feces (corresponding to infant between six and 12 months
of age), MFE: maternal feces (corresponding to infant older than 12 months of age), BFA: infant feces
younger than one month of age, BFB: infant feces between one and three months of age, BFC: infant
feces between three and six months of age, BFD: infant feces between six and 12 months of age, BFE:
infant feces older than 12 months of age.

Figure 6. Different Faecalibacterium in maternal and infant feces. The two points connected by a
line are the same mother-infant pair. MFA: maternal feces (corresponding to infant younger than
one month of age), MFB: maternal feces (corresponding to infant between one and three months
of age), MFC: maternal feces (corresponding to infant between three and six months of age), MFD:
maternal feces (corresponding to infant between six and 12 months of age), MFE: maternal feces
(corresponding to infant older than 12 months of age), BFA: infant feces younger than one month
of age, BFB: infant feces between one and three months of age, BFC: infant feces between three and
six months of age, BFD: infant feces between six and 12 months of age, BFE: infant feces older than
12 months of age.

3.4. Diversity and Composition of Bifidobacterium Community in Maternal and Child Feces

Fifty-one maternal feces and their child feces in pairs were used to amplify Bifidobac-
terium composition at species level, among which only 47 maternal and 42 children fecal
samples were amplified successfully (BFA: n = 7; MFA: n = 9; BFB: n = 8, MFB: n = 9; BFC
n = 9, MFC: n = 10; BFD: n = 9, MFD: n = 10; BFE: n = 9, MFE: n = 9). All the HBM samples
failed to be amplified.

Based on Bifidobacterium groEL sequence, Chao 1 and Shannon index were used to
assess the richness and diversity of Bifidobacterium between maternal and children fecal
samples. No significant difference was observed between maternal feces and child feces
among all the five stages (Figure S1A).

PCoA was utilized to present the dissimilarity of Bifidobacterium composition in ma-
ternal feces and child feces. From birth to 12 months old, Bifidobacterium composition in
child feces was significantly different from that in maternal feces (BFA vs. MFA, p = 0.006;
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BFB vs. MFB, p = 0.005; BFC vs. MFC, p = 0.001; BFD vs. MFD, p = 0.001; BFE vs. MFE,
p = 0.013; Figure 7).

The database of Bifidobacterium groEL was used to assign sequence and 18 Bifidobac-
terium species were detected, and the relative abundance of Bifidobacterium species lower
than 0.001% was classified as Bifidobacterium ‘other’ [16]. B. longum subsp. longum was
predominant in child feces (BFA: 43.6%, BFB: 44.5%, BFC: 33.4%, BFD: 43.0%, BFE: 32.9%),
followed by B. breve, B. bifidum, B. pseudocatenulatum, and B. longum subsp. infantis. The
relative abundance of other Bifidobacterium species was less than 5% on average. However,
the predominant Bifidobacterium species in maternal feces was B. adolescentis (MFA: 40.5%,
MFB: 33.9%, MFC: 26.0%, MFD: 39.4%, MFE: 48.2%) followed by B. longum subsp. longum,
B. pseudocatenulatum, B. ruminantium, and the other species, which was less than 5% on
average (Figure S1B).
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Figure 7. Beta-diversity illustrating of Bifidobacterium community between maternal and infant feces. PERMANOVA was
used to calculate the difference among samples based on Bray–Curtis distance. p < 0.05 stands for significantly different
microbiota composition was found among samples. MFA: maternal feces (corresponding to infant younger than one
month of age), MFB: maternal feces (corresponding to infant between one and three months of age), MFC: maternal feces
(corresponding to infant between three and six months of age), MFD: maternal feces (corresponding to infant between
six and 12 months of age), MFE: maternal feces (corresponding to infant older than 12 months of age), BFA: infant feces
younger than one month of age, BFB: infant feces between one and three months of age, BFC: infant feces between three and
six months of age, BFD: infant feces between six and 12 months of age, BFE: infant feces older than 12 months of age.

3.5. Bifidobacterium Difference between Maternal and Child Feces at Species Level

Samples that were successfully amplified in both maternal and child feces were
used for paired comparison. Higher relative abundance of B. adolescentis was detected in
maternal feces than that in in child feces from birth to 12 months of age (BFA vs. MFA,
p < 0.05; BFB vs. MFB, p < 0.05; BFC vs. MFC, p < 0.05; BFD vs. MFD, p < 0.001; Figure 8A)
and this difference disappeared when the children were older than 12 months. However,
there was no difference in the relative abundance of B. ruminantium between the feces of
mothers and children from birth to one month of age and 6–12 months of age, but the
relative abundance of B. ruminantium in maternal feces was significantly higher than that
in child feces from one to 12 months of age (BFB vs. MFB, p < 0.05; BFC vs. MFC, p < 0.01;
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BFD vs. MFD, p < 0.01; Figure 8B). In contrast to B. ruminantium, B. longum subsp. longum
showed a higher abundance in child feces than that in maternal feces from one to 12 months
of age (BFB vs. MFB, p < 0.05; BFC vs. MFC, p < 0.01; BFD vs. MFD, p < 0.05; Figure 8C).
In addition, B. bifidum was found at a higher relative abundance in child feces than that
in maternal feces from three to 12 months of age (BFC vs. MFC, p < 0.05; BFD vs. MFD,
p < 0.05; Figure 8D).
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Figure 8. Differences of Bifidobacterium at species level in maternal and infant feces. (A–E) stand for significant difference of
Bifidobacterium adolescentis, Bifidobacterium ruminantium, Bifidobacterium longum subsp. infantis, Bifidobacterium bifidum, and
Bifidobacterium pseudolongum in maternal and infant feces, respectively. The two points connected by a line are the same
mother-infant pair. MFA: maternal feces (corresponding to infant younger than one month of age), MFB: maternal feces
(corresponding to infant between 1 and three months of age), MFC: maternal feces (corresponding to infant between three
and six months of age), MFD: maternal feces (corresponding to infant between six and 12 months of age), MFE: maternal
feces (corresponding to infant older than 12 months of age), BFA: infant feces younger than one month of age, BFB: infant
feces between 1 and three months of age, BFC: infant feces between three and six months of age, BFD: infant feces between
six and 12 months of age, BFE: infant feces older than 12 months of age.
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3.6. Diversity and Composition of Lactobacillus Community in Maternal and Child Feces

By Lactobacillus groEL gene sequencing, fifty-one maternal/children fecal pairs were
amplified for Lactobacillus profile analysis, among which only 27 maternal and 34 children
samples were amplified successfully (BFA: n = 3; MFA: n = 6; BFB: n = 5, MFB: n = 8;
BFC n = 6, MFC: n = 9; BFD: n = 7, MFD: n = 4; BFE: n = 6, MFE: n = 7), which might be
resulted from low relative abundance of Lactobacillus. For HBM samples, none sample was
amplified successfully for Lactobacillus identification.

Using the same method for diversity analysis as performed previously, MFB and
MFE groups showed significantly higher diversity compared to BFB and BFE based on
Shannon index, respectively (p < 0.05, Figure S2). No significant difference in richness was
found between maternal and children fecal samples based on Chao 1 index. PCoA results
showed the Lactobacillus composition of child feces was significantly different to maternal
feces from one to six months, and from 12 to 24 months (p = 0.038, p = 0.002, p = 0.023,
respectively, Figure 9A). However, when children were younger than one month of age,
and within 6–12 months of age, the Lactobacillus composition in child feces was similar to
that in maternal feces (p = 0.189, p = 0.171, respectively, Figure 9A).
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Figure 9. Beta-diversity illustrating of Lactobacillus community in maternal and children feces (A). Difference in Lactobacillus
community in maternal and infant feces (B). PERMANOVA was used to calculate the difference among samples based on
Bray-Curtis distance. Difference of Lactobacillus at species level between maternal and infant feces (B). MFA: maternal feces
(corresponding to infant younger than one month of age), MFB: maternal feces (corresponding to infant between 1 and
three months of age), MFC: maternal feces (corresponding to infant between three and six months of age), MFD: maternal
feces (corresponding to infant between six and 12 months of age), MFE: maternal feces (corresponding to infant older than
12 months of age), BFA: infant feces younger than one month of age, BFB: infant feces between 1 and three months of age,
BFC: infant feces between three and six months of age, BFD: infant feces between six and 12 months of age, BFE: infant feces
older than 12 months of age.

The database of Lactobacillus groEL genes was used to assign the sequence, and
54 Lactobacillus species were identified [16]. The relative abundance of Lactobacillus species
less than 0.001% was classified as Lactobacillus other. Only 16 Lactobacillus species were
presented (Figure S2B). The feces of children showed different dominant Lactobacillus
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species at different ages. L. paragasseri was predominant in child feces of BFA (44.2%),
BFC (38.6%), and BFE (28.5%, Figure S2B), whereas in BFB and BFD, the predominant
Lactobacilli were L. paracasei (34.5%) and L. mucosae (28.6%), respectively. For Lactobacillus
composition of maternal feces, the early three stages were dominated by L. mucosae, namely
MFA (39.8%), MFB (43.8%), and MFD (40.2%) and in the latter two stages, L. ruminis was
dominant (MFC: 37.6%); MFE: 45.1%; Figure S2B).

3.7. Lactobacillus Difference between Maternal and Child Feces at Species Level

All the Lactobacillus species in maternal and child feces were compared based on the
paired T test. Only L. paragasseri showed a significantly higher relative abundance in BFA
compared to that in MFA (p < 0.05, Figure 9B).

4. Discussion

In this study, 51 mother–infant pairs in Indonesia were recruited and 133 samples
(31 HBM samples, 51 maternal feces and 51 child feces) were used to assess the micro-
biota composition at genus level and Bifidobacterium and Lactobacillus communities at
species level based on 16S rRNA sequencing and Bifidobacterium and Lactobacillus groEL
sequencing. Bifidobacterium and Lactobacillus composition at species level proved to be
age-dependent in the three types of samples. Among the Bifidobacterium community, B. ado-
lescentis, B. ruminantium, B. longum subsp. infantis, and B. bifidum were all detected but
showed different relative abundance in maternal and child feces. For the Lactobacillus
community, L. paragasseri showed significantly higher relative abundance in BFA compared
to that in MFA.

Staphylococcus and Streptococcus have been regarded as the dominant bacteria in
HBM [19]. In our study, Staphylococcus was detected in three age stages of HBM, but only
dominant in BMA group, whose age was younger than one month. When the children were
older than one month, the dominant genera were Streptococcus and Escherichia-Shigella, in
which Escherichia-Shigella was commonly found in human feces [20]. This may indicate that
bacteria in the maternal gut could enter into the mammary gland via the entero-mammary
pathway [21]. However, we could not rule out the possibility of fecal–skin contamination.
Earlier research suggested the core microbiota of HBM was composed of Ralstonia, Flavobac-
terium, Propionibacterium, Burkholderia, Rothia, Bifidobacterium, Corynebacterium, Blautia, and
Brevundimonas [22] within four weeks after delivery, while Bifidobacterium, Flavobacterium,
Lactobacillus, Stenotrophomonas, Brevundimonas, Chryseobacterium, and Enterobacter were
detected within three months after delivery [23]. Maternal dietary and health status, in
addition to technical deviation, may contribute to the discrimination of core bacteria in
HBM [24,25]. Additionally, Bifidobacterium and Lactobacillus, often used as probiotics, can
be detected in HBM in our study with low relative abundance which is consistent with
previous report [12]. The low relative abundance in our study may have caused the failure
to amplify Bifidobacterium and Lactobacillus at species level.

Different from microbiota in HBM, maternal fecal microbiota was dominated by Ru-
minococcaceae, Faecalibacterium, and Prevotella 9, which also showed age differentiation.
The dominant microbiota of maternal feces changed before and after weaning. Ruminococ-
caceae and Faecalibacterium were predominant when the age of children was less than 1–six
months of age, whereas after weaning, the dominant bacterium was Prevotella 9. In the
high carbohydrate diet of the Indonesians, Prevotella was proliferate due to carbohydrate
fermentation [26,27]. It would be interesting to verify if the changes in maternal diet or
physiological stage before and after weaning may be the reason for different dominant
bacteria in maternal feces.

Similar results were noted in dominant bacteria of child feces. There is no doubt
that Bifidobacterium was the dominant bacteria in the infant gut [28], due to its ability
to use human milk oligosaccharides, and this dominance can last until half a year after
weaning and was consistent with a previous study where the hen infant gut was enriched
with breast-milk-metabolizing bacteria (e.g., Bifidobacterium) [29]. It was then replaced by
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Bacteroides at a later age. In this case, microbiota in child feces was quite different from that
in maternal feces and HBM both before and after weaning, as presented in the PCoA plot
in this study when the child was younger than 12 months of age. This strongly suggests
that the microbial composition in the gut of these infants was not directly inherited from
and determined by the maternal fecal and breast milk microbiome. This is in agreement
with a recent study [12]. However, microbiota of child feces was similar to maternal feces
when children were older than 12 months of age. In addition, these results can also be
reflected in the microbiota richness. The microbiota richness of maternal feces was always
higher than that of infant feces, but this difference disappeared after weaning. These results
indicated that, as the children consumed aa more similar diet to their mothers, their fecal
microbiome became more similar to that of adults [12,30], although the dominant bacteria
were still not the same as adults by the age of two years old.

The results from animal experiments suggested that microbiota in HBM can be
changed through adjusting the maternal diets [31]. However, we found that the different
microbiota composition between HBM and child feces was not similar to the microbiota
difference between maternal and child feces. The richness of microbiota in HBM was higher
than that in child feces when children were younger than three months old, whereas the
diversity of microbiota in HBM was higher than that of child feces when children were
older than three months old. Meanwhile, Bifidobacterium showed lower relative abundance
in HBM while higher relative abundance of Bifidobacterium was found in child feces. In this
case, although microbiota in HBM, which was partly from maternal gut origin [32], and was
a source of microbiota for the infants [33], the bacterial compositions in the HBM, maternal
and child feces were significantly different. This may be explained by the differences in
the ecological environment and intrinsic factors of infant gut in allowing selected bacteria
to survive and strive. For HBM, microbiota may come from maternal gut [32], mammary
gland [34] and infant oral sources [35] with the latter being relatively abundant in aerobic
bacteria. For microbiota in child feces, microbiota from vagina was an additional source [8].
The majority of microbiota in vaginal area was Lactobacillus [36], whereas the relative
abundance of Lactobacillus in child feces was lower than 5%. This suggested that microbiota
types contributed from different maternal sources, while only selected microbiota could
establish in the gut of infants and children.

Bifidobacterium could be regarded as the core bacterium in the infant gut in this and
earlier studies [37]. The function of Bifidobacterium and the reason for their prevalence in
the gastrointestinal tract of children before weaning thus received much attention [12]. For
instance, B. animalis subsp. lactis (Bb12) exhibited α-glucosidase inhibition activity and
inhibited glucose absorption and transport [38]. B. pseudocatenulatum CECT 7765 could
reduce the effect of chronic stress on the hypothalamic-pituitary-adrenal response of
maternal separation in infancy, and this effect could persist into adulthood [39]. Thus,
it could be a potential health risk for infants if they possess low relative abundance of
Bifidobacterium as detected in Southeast Asians with Prevotella type gut microbiome [26,40].
Here, we found that the relative abundance of Bifidobacterium in Indonesian infants of the
same age was lower than that in European infants [41,42]. Health-promoting functions of
Bifidobacterium observed in European, North American, and East Asian Children [43,44]
could be replaced by other symbiotic bacteria in Indonesian children, such as Enterococcus
faecalis [45]. At the species level, B. animalis subsp. lactis cannot be detected in Indonesian
infants in our study while it is abundant in Chinese infant feces [16,46]. B. animalis has
been reported to prevent influenza infection [47].

In addition to the differences of Bifidobacterium community in the feces of children
between Indonesia and other regions, the similarity and differences in Bifidobacterium
species in the feces of children and their mothers were also observed. The Bifidobacterium
community in Indonesian children was dominated by B. longum subsp. longum, B. breve
and B. bifidum, while B. longum subsp. longum, B. pseudocatenulatum, B. adolescentis and
B. ruminantium were dominant in maternal feces, which indicated that different Bifidobac-
terium species were favored in the gut of children and mothers. This age-dependent change
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of Bifidobacterium in Indonesian children was consistent with the differences in fecal Bifi-
dobacterium species from infants and adults in China [16,37]. Additionally, the differences
in Bifidobacterium composition at species level between maternal and child feces were
continuous to the age of two in our study based on PCoA analysis. Meanwhile, the level
of fecal B. adolescentis in Indonesian children from birth to the age of 12 months of age
was lower than in maternal feces. This was in line with previous research suggesting that
B. adolescentis was an adult-type species and also found in formula-milk fed infants [48].
B. adolescentis showed the ability to utilize starch and starchy carbohydrates through a
genomic sequencing approach [49], which can explain its different abundance between
Indonesian maternal and child feces, and the difference disappeared when the child was
older than one year of age after weaning. B. ruminantium also showed a higher level in
maternal feces compared with child feces at 1–12 months of age. Interestingly, B. rumi-
nantium was mainly isolated from cattle [50], and a higher level of B. ruminantium was
observed in Indonesian maternal feces, which may be explained by dietary habits and
close vicinity to cattle during daily activities [17]. In contrast to the level of B. ruminantium,
child feces showed a higher relative abundance of B. longum subsp. infantis, B. bifidum,
and B. pseudolongum compared to that in maternal feces at different age stages. B. longum
subsp. infantis and B. bifidum possessed the genes encoding enzymes for using HMOs
specifically [51,52]. We found no difference in the abundance of these species between
mothers and infants younger than three months of age, even the infants were exclusively
breast fed. The differences in the abundance of B. longum subsp. infantis and B. bifidum
between the mothers and infants only appeared after infants were older than three months.
This could represent the lactation time for B. longum subsp. infantis and B. bifidum, which
were the minority Bifidobacterium species in the mothers to flourish on HMOs, and became
the predominant Bifidobacterium species in the gut of infants.

Lactobacillus exhibited low relative abundance as reported in this and previous re-
port [53]. Moreover, Indonesian maternal feces also had low levels of Lactobacillus. However,
the dominant Lactobacillus species in maternal and infant feces were different. Maternal
feces were dominated by L. mucosae and L. ruminis, while the infant feces were dominated
by L. paragasseri. Additionally, L. paragasseri showed significantly higher abundance in in-
fant younger than one month of age. The infants in this study were all vaginally delivered,
and 70% of vaginal microbiota was Lactobacillus, [54]. Thus, Lactobacillus in the infant gut
mainly came from maternal vagina [55] but not maternal gut due to the low abundance
of Lactobacillus in the maternal gut. Lactobacillus is a beneficial microbe in the gut. For
instance, L. casei could prevent childhood diarrhea through modulating gut microbiota [56]
and L. reuteri could promote mucosal immune development [57]. The roles of these low
abundant Lactobacillus in Indonesian infants remain unclear and need further investigation.

5. Conclusions

In conclusion, 51 mother–infant pairs in Indonesia were recruited and HBM and
maternal and infant feces were collected to analyze the microbiota composition and Bifi-
dobacterium and Lactobacillus community at the species level based on 16S rRNA sequencing
and Bifidobacterium and Lactobacillus groEL sequencing. Bacterial composition at genus level
and Bifidobacterium and Lactobacillus composition at species level showed age-dependent
differences in the three types of samples and the relative abundance of Bacteroides, Bifi-
dobacterium, Blautia, Prevotella, and Faecalibacterium showed significant differences among
the three types of samples in the different age stages. Additionally, in the Bifidobacterium
community, B. adolescentis, B. ruminantium, B. longum subsp. infantis, and B. bifidum showed
different relative abundances in maternal and child feces. Meanwhile, in the Lactobacillus
community, L. paragasseri showed significantly higher relative abundance in infant feces
when the infant was younger than one month of age.
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