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The gastrointestinal tracts of neonates are colonized by bacteria immediately after birth. It has been discussed
that the intestinal microbiota of neonates includes strains transferred from the mothers. Although some studies
have indicated possible bacterial transfer from the mother to the newborn, this is the first report confirming the
transfer of bifidobacteria at the strain level. Here, we investigated the mother-to-infant transmission of Bifidobac-
terium longum subsp. longum by genotyping bacterial isolates from the feces of mothers before delivery and of their
infants after delivery. Two hundred seven isolates from 8 pairs of mothers and infants were discriminated by
multilocus sequencing typing (MLST) and amplified fragment length polymorphism (AFLP) analysis. By both
methods, 11 strains of B. longum subsp. longum were found to be monophyletic for the feces of the mother and her
infant. This finding confirms that these strains were transferred from the intestine of the mother to that of the
infant. These strains were found in the first feces (meconium) of the infant and in the feces at days 3, 7, 30, and 90
after birth, indicating that they stably colonize the infant’s intestine immediately after birth. The strains isolated
from each family did not belong to clusters derived from any of the other families, suggesting that each mother-

infant pair might have unique family-specific strains.

The intestinal microbiota plays an important role in the
maintenance of human health. Microbial colonization during
infancy is critical for a lifetime of good health (11); suboptimal
colonization can predispose the individual to diseases later in
life (19). Establishment of an optimal microbial community
immediately after birth and the maintenance of a balanced
intestinal microbiota are important in the development of the
immune system (11).

The gastrointestinal tract is suggested to be sterile at birth.
Microbial colonization starts with facultative bacteria, such as
Enterobacteriaceae, Enterococcus, and Streptococcus, which are
followed by anaerobic bacteria such as Bifidobacterium, Bacte-
roides, Clostridium, and Eubacterium (10). The origin of these
intestinal microbes has attracted continuous attention. It has
been hypothesized that they are acquired during transit
through the birth canal or immediately after birth from the
surroundings (13). Recent studies have also discussed that
breast milk can be another source of intestinal microbes (20,
22, 28, 31). Several studies employing molecular biology tech-
niques have suggested the possibility of vertical mother-to-
infant transmission of intestinal microbes (1, 25, 26, 32) and
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the presence of these microorganisms in breast milk (12, 21,
28). However, the molecular methods used in those studies,
such as real-time quantitative PCR (qPCR), while effective in
identifying microorganisms at the species level, do not allow
comparisons at the strain level. Furthermore, randomly ampli-
fied polymorphic DNA (RAPD) analysis is questioned as a
highly sensitive strain-level typing technique due to the failure
of discrimination of related clones (7, 14, 18). Therefore, fur-
ther analyses are required to confirm how bacteria are trans-
ferred from the mother or any other environmental sources to
the infant. A more comprehensive analysis at the strain level is
necessary.

Molecular techniques such as multilocus sequencing typ-
ing (MLST) and amplified fragment length polymorphism
(AFLP) analysis are precise and powerful tools for charac-
terizing and classifying bacterial strains. MLST is based on
use of the sequence polymorphism of a set of several genes
in the genome to generate data that can be used to differ-
entiate between bacterial strains (5, 17, 36). AFLP analysis
is based on the detection of genomic restriction fragments
by PCR amplification (16, 37). These methods have the
capacity for high resolution and provide reproducible data,
therefore being suitable for both species identification and
strain typing (3, 6, 8).

Bifidobacterium is an important genus in the microbiota of
infants. In general, bifidobacteria become the dominant micro-
organisms in the intestine within a week after birth and remain
so throughout until weaning (29, 35). Moreover, bifidobacteria
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are thought to play a crucial role in the protection of the gut
mucosa against pathogenic bacteria, and they also contribute
to the development of the infant’s mucosal immune system (29,
35). In this study, we have focused on B. longum subsp. longum,
one of the predominant bifidobacterial species in the intestines
of mothers and infants (24). Our objective was to verify the
mother-to-infant transmission of B. longum subsp. longum by
isolating strains from fecal samples and breast milk of mother-
infant pairs and analyzing them by both MLST and AFLP
methods.

MATERIALS AND METHODS

Samples. Samples of fresh breast milk and feces from mother and infant were
aseptically collected from 8 mothers and their respective infants who had been
delivered by the vaginal route. The mothers’ fecal samples were taken twice before
delivery (see Table S1 in the supplemental material), and the infants’ fecal samples
were taken at 0 (meconium), 3, 7, 30, and 90 days of age. Breast milk samples were
taken at 7 and 30 days after delivery. All the mothers were healthy, had a full-term
pregnancy, and breast fed their infants for 6 months. These subjects belong to a
larger observational study conducted in Belgium (ISRCTN66704989).

Fecal samples were collected with a sterile plastic spatula and transferred into
a sterile glass tube containing 6 ml of anaerobic transport medium [containing,
in 1 liter, 0.225 g KH,PO,, 0.225 g K,HPO,, 0.45 g NaCl, 0.225 g (NH,),SO,,
0.0225 g CaCl,, 0.0225 g MgSO,, 0.5 g L-cysteine hydrochloride, 0.001 g resaz-
urin, 0.5 g agar, 10 g Lab Lemco powder, 100 ml glycerol, and 2.1 ml 8%
Na,COs;] (15). Breast milk samples were collected in a sterile tube using sterile
gloves. The nipples and mammary areola were cleaned with medical gauze wet
with sterile saline, and then breast milk was collected by using a manual breast
pump (Philips AVENT; Philips, Surrey, United Kingdom). All the samples were
kept at 4°C to 7°C until delivery to the laboratory, which occurred within 72 h
after collection.

This study was approved by the ethics committee of the hospital network of
Antwerp (Ziekenhuisnetwerk Antwerpen), and informed written consent was
obtained from the mothers.

Isolation of bifidobacteria. The fecal samples in the anaerobic transport me-
dium were homogenized with a Vortex mixer to make fecal suspensions. The
fecal suspensions or breast milk samples were serially diluted with phosphate-
buffered saline (PBS) (pH 7.2). Serial dilutions of samples were inoculated onto
TOS propionate agar (Yakult Pharmaceutical Industry Co., Ltd., Tokyo, Japan)
containing 50 wg/ml mupirocin (TOS-M agar) and incubated anaerobically at
37°C for 72 h. Two to six colonies per sample, showing different morphologies on
the medium, were isolated for subsequent analyses.

DNA extraction. DNA from all samples was extracted as described previously
(39) with some modifications. Briefly, all the isolated strains were cultured
anaerobically in TOS-M broth at 37°C for 48 h. Cell pellets were collected from
1.0 ml of the culture by centrifugation (20,000 X g, 5 min, 4°C). Pellets were
resuspended in 250 wl extraction buffer (100 mM Tris-HCI, 40 mM EDTA, pH
9.0). Glass beads (diameter, 0.1 mm; 700 mg), 500 wl of phenol, and 50 wl of 10%
sodium dodecyl sulfate were added to the suspension, and the mixture was
vortexed vigorously for 30 s in a FastPrep-24 (M.P. Biomedicals, Irvine, CA) at
a setting of 6.5 ms™!. Then, 150 pl of 3 M sodium acetate was added, and the
mixture was cooled on ice for 5 min. After centrifugation (20,000 X g, 8 min,
4°C), the supernatant was collected and DNA was precipitated with isopropanol.
Finally, the DNA was diluted in 100 pl TE buffer (10 mM Tris-HCl, 1 mM
EDTA, pH 8.0).

Identification of the bacterial isolates. Identification of the strains at the
species level was carried out by PCR sequencing of the 16S rRNA gene. The
universal primers 8F (5'-AGAGTTTGATCCTGGCTCAG-3") and 1492R (5'-
ACGGCTACCTTGTTACGACTT-3") (34) were employed for amplification.
PCR was carried out in 25-pl final volumes containing 10 mM Tris-HCI (pH 8.3),
50 mM KCl, 1.5 mM MgCl,, 200 pM each deoxynucleoside triphosphate
(dNTP), 0.5 U Tag DNA polymerase (TaKaRa, Shiga, Japan), 0.4 pM each
respective primer, and 10 ng DNA template. The PCR amplification program
consisted of an initial heating step at 94°C for 2 min, 32 cycles of 94°C for 20 s,
55°C for 20 s, and 72°C for 20 s, and a final extension step at 72°C for 3 min. All
amplifications were performed with the DNA Engine Peltier thermal cycler
(Bio-Rad, Hercules, CA). The amplicons were purified using ExoSAP-IT (USB,
Cleveland, OH) and were sequenced using the primers 8F and 520R (5'-ACC
GCGGCTGCTGGC-3") (27) and BigDye Terminator v1.1 chemistry (Applied
Biosystems, Foster City, CA) on ABI PRISM 3130x1 Genetic Analyzers (Applied
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TABLE 1. Primers for MLST analysis

Size
(bp)

CCTGAAGAAGGTGCTGAAGG 563
TTCTCCTGCTTGTCGCGCAGT

Gene Primer Sequence (5" — 3')

clpC  Bilon-clpC-F
Bilon-clpC-R

dnaG Bilon-dnaG-F  GTTGCCGTAGATTTGGGCTTGG 449
Bilon-dnaG-R  ATGACTTCGGTGTTCCGCAC
dnaJ  Bilon-dna]-F GCTGAGCAAGAAGGAAGA 421
TCGC

Bilon-dnaJ-R  TGAACTTCTTGCCGTCCACGG

fusA  Bilon-fusA-F
Bilon-fusA-R

CACCATCAAGGAGAAGCTGG 536
ACGAGCTTGCCGTAGAACG

gyrB  Bilon-gyrB-ifl  AAGTGCGCCGTCAGGGCTT 473

Bilon-gyrB-R ~ GTGTTCGCGAAGGTGTGCAC
purF Bilon-purF-ifl ATGGCGGTTTCGCCTACC 510
Bilon-purF-irl AGAGAGCTTCATACGCACAC

AGACCGACAGCTTCGATTGG 575
AACACGATGGCGGACTGCTT

rpoB  Bilon-rpoB-F
Bilon-rpoB-R

Biosystems). The resulting sequences were used to search sequences deposited in
the EMBL database by using the BLAST algorithm, and the identities of the
isolates were determined on the basis of the highest scores. Subspecies of the
isolated strains that belonged to B. longum were identified by PCR using primers
BiINF-1 (5'-TTCCAGTTGATCGCATGGTC-3") and BiINF-2 (5'-GGAAACC
CCATCTCTGGGAT-3") for B. longum subsp. infantis and BiLON-1 (5'-TTCC
AGTTGATCGCATGGTC-3") and BiLON-2 (5'-GGGAAGCCGTATCTCTA
CGA-3") for B. longum subsp. longum (23). The PCR amplification program
consisted of an initial heating step at 94°C for 4.5 min, 35 cycles of 94°C for 30 s,
55°C for 30 s, and 72°C for 1 min, and a final extension step at 72°C for 10 min.
The PCR products were separated by electrophoresis on a 1% agarose gel using
1Xx Tris-acetate-EDTA buffer, stained with SYBR green (Lonza, Rockland,
ME), and visualized under UV light.

MLST analysis. Seven housekeeping genes encoding proteins were chosen for
analysis as previously described (2, 8, 30, 36). The selected genes encode the
following proteins: class III stress response-related ATPase with chaperone ac-
tivity (c/pC), DNA primase (dnaG), chaperone protein Dnal (dnaJ), GTP-bind-
ing protein chain elongation factor G (fus4), the B subunit of DNA gyrase (gyrB),
amidophosphoribosyltransferase (purF), and the B subunit of RNA polymerase
(rpoB) (Table 1). The DNA sequences of these candidate loci were selected
based on the genome sequence data for strains Bifidobacterium longum DJO10A
(NC_010816) and Bifidobacterium longum NCC2705 (NC_004307). Each 25-pl
PCR mixture contained 1X PCR buffer, 200 uM deoxynucleoside triphosphates,
2 mM MgCl,, 0.4 pM each primer, 10 pl GC-RICH solution, 2 U Fast Taq
polymerase (Roche, Basel, Switzerland), and 10 ng template DNA. The PCR
amplification program consisted of an initial heating step at 95°C for 5 min, 30
cycles of 95°C for 30 s, 57°C for 30 s, and 72°C for 1 min, and a final extension
step at 72°C for 10 min. Sequencing was performed as described above.

AFLP analysis. An AFLP analysis described previously (33) was used with the
following modifications. B. longum subsp. longum DNA samples were digested
with Mspl and Mesl, and the resulting fragments were ligated to Mspl and MesI
double-stranded adapters (Table 2). Primer sets for amplifying the restriction
fragments were designed using the program In Silico AFLP-PCR Amplification
(http://insilico.ehu.es/AFLP/) (4), as shown in Table 2.

The composition of the restriction reaction mixtures was as follows: 1X NE
buffer 4, 1X bovine serum albumin (BSA), 5 U Mspl (New England BioLabs,
Ipswich, MA), 5 U MesI (New England BioLabs), and 2.9 pl of DNA in a total
volume of 5 pl. The restriction reaction mixtures were incubated at 37°C for 2 h.
For the next step, the ligation reaction mixture composition was as follows: 1x
T4 DNA ligase buffer, 2 puM Mspl adapter, 2 uM Mesl adapter (Table 2), 1 U
T4 DNA ligase (New England BioLabs), and 5 ul of digested DNA in a total
volume of 10 pl. The ligation reaction mixtures were incubated at 20°C for 2 h.
Following the addition of 90 ul of TE buffer, the digested and ligated DNA was
used as the template for the preselective PCR template. For preselective PCR,
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TABLE 2. Adapters and PCR primers for AFLP analysis

Adapter or primer Sequence (5'-3") Reference
Adapters
Mspl CTCGTAGACTGCGTACA This study
CGTGTACGCAGTCTAC This study
Msel GACGATGAGTCCTGA 37
TACTCAGGACTCAT 37
Preselective primers
Mspl GACTGCGTACACGGA This study
Msel GATGAGTCCTGAGTAA 37

Selective primers
Mspl-A
Msel-T

FAM*-GACTGCGTACACGGAA This study
GATGAGTCCTGAGTAAT 37

“ FAM, 6-carboxyfluorescein.

the 10-pl reaction mixture contained 1X buffer, 1.5 mM MgCl,, 250 pM each
dNTP, 0.025 U Tag DNA polymerase (TaKaRa), 2.5 uM each preselective
primer (Table 2), and 1 wl of diluted digestion and ligation DNA. The PCR
amplification conditions included an initial heating step at 94°C for 2 min, 28
cycles of 94°C for 20 s, 56°C for 30 s, and 72°C for 2 min, and a final extension
step at 72°C for 5 min. Following the addition of 90 pl of TE buffer, the
preselective PCR product was used as the template for the selective PCR. For
the selective PCR, the 10-pl reaction mixture contained 1X buffer, 1.5 mM
MgCl,, 100 uM each dNTP, 0.025 U Tag DNA polymerase (TaKaRa), 3 uM
each selective primer (Table 2), and 1 ul of diluted preselective PCR template.
The PCR amplification program consisted of an initial heating step at 94°C for
2 min and 13 cycles at 94°C for 20 s, 65°C for 30 s, and 72°C for 60 s, with a
decrease in the annealing temperature of 0.7°C/cycle, followed by 24 cycles at
94°C for 20 s, 56°C for 30 s, and 72°C for 60 s, with a final extension at 72°C for
2 min.

One microliter of the selective PCR products was mixed with 9 pl of Hi-Di
formamide (Applied Biosystems) and 1 pl of GeneScan 600 LIZ size standards
(Applied Biosystems) and denatured at 95°C for 1 min. The samples were then
analyzed with ABI PRISM 3130x] Genetic Analyzers (Applied Biosystems) with
the following conditions: 15-s injection time, 1.6-kV injection voltage, 15-kV run
voltage, and 30-min running time.

Phylogenetic analysis. BioNumerics software version 6.0 (Applied Maths,
Sint-Martens-Latem, Belgium) was used to perform all phylogenetic analyses.
For MLST data, the sequences obtained for the 7 genes were aligned and
compared. Each distinct gene sequence was assigned an allele number, and each
unique combination of seven allele numbers was assigned a sequence type (ST).
We created a dendrogram using the multiscale setting for comparisons and the
unweighted pair group method with arithmetic mean (UPGMA) for clustering.

The AFLP data in FSA format were imported into BioNumerics 6.0. The
AFLP analysis was performed for fragments ranging from 60 to 600 nucleotides
in length, and a threshold of 1% was used for position tolerance. We created a
dendrogram using the Pearson product-moment correlation coefficient for com-
parisons and UPGMA for clustering.

RESULTS

B. longum subsp. longum strains for molecular analysis. Two
hundred seven B. longum subsp. longum strains were iso-
lated from 8 mother-infant pairs (see Table S2 in the sup-
plemental material). One hundred ninety-five of them were
obtained from the mothers’ feces before delivery and from
infants’ feces from several different periods. The other 12
strains were isolated from breast milk samples from 4 moth-
ers.

MLST genetic diversity at seven loci. Seven pairs of primers
were designed to partially amplify DNA regions of 421 to 575
bp of the 7 housekeeping genes (clpC, dnaG, dnal, fusA, gyrB,
purF, and rpoB) of B. longum subsp. longum according to the
genome sequences of B. longum strains DJO10A (NC_010816)
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and NCC2705 (NC_004307). The sequences of the 7 genes
were determined for the 207 B. longum subsp. longum strains.
All 7 genes were successfully amplified and sequenced for all B.
longum subsp. longum isolates tested.

We analyzed a total of 3,527 bp (23.28% coverage of the
seven complete coding sequences [CDSs]) (see Table S3 in the
supplemental material). Nucleotide variation was observed in
all genes, with polymorphic nucleotide sites ranging from
0.89% (clpC) to 45.37% (dnal) (11.62% of the 7 complete
CDSs). The number of alleles ranged from 5 to 9. By combin-
ing the 7 gene loci, 26 distinct sequence types (STs) were
identified in 207 strains. Strains that had the same STs and
were isolated from the same source and sampling period were
defined as the same strain; otherwise, they were identified as
individual strains. Out of 207 B. longum subsp. longum strains,
69 individual strains were identified.

Comparison of B. longum subsp. longum strains isolated from
feces and breast milk, based on MLST profiles. A UPGMA
dendrogram was generated based on the MLST profiles for all
69 individual B. longum subsp. longum strains (Fig. 1). Out of
the 69 sequenced strains, 11 strains were monophyletic be-
tween the mother’s feces and her infant’s feces, from 6 families
out of 8 (STs A, C, F, G, H, J, L, N, W, X, and Z). Of these,
2 strains were also monophyletic with strains from breast milk
(STs J and Z). Two other strains were monophyletic among the
same infant’s feces collected at different sampling periods (STs
E and I), and 3 strains were monophyletic only among the
mother’s feces (STs D, Q, and U). There were 2 strains that
were monophyletic between breast milk and the infant’s feces
(STs V and Y), although monophyletic strains were not iso-
lated from the mother’s feces.

Isolates from each mother-infant pair formed their own clus-
ter. Pairs of different mother-infant strains were not monophy-
letic. Strains isolated from family 3 were diverse, forming 13
individual clusters (STs A, B, H, I, L, M, N, O, P, Q, R, S, and
T). Out of the 13 strains, four strains were monophyletic be-
tween the mother’s and infant’s feces (STs A, H, L, and N). For
ST A, the following strains were monophyletic: strain 286,
isolated from the mother’s feces 21 days before delivery; strain
435, isolated from day 3 infant feces; strain 727, isolated from
day 30 infant feces; and strain 1313, isolated from day 90 infant
feces. Likewise, for STs H, L, and N, these monophyletic stains
were isolated from the mother’s feces before delivery at
different times and also from the infant’s feces at different
times. Mother-infant monophyletic strains were found in 5
other families, for a total of 6 mother-infant pairs (no. 3, 4,
5, 6, 7, and 8). Monophyletic strains were not identified in 2
families (mother-infant pairs 1 and 2). Strains isolated from
these 2 mother-infant pairs formed separate clusters for
each source.

Comparison of B. longum subsp. longum strains isolated
from mother and infant feces and breast milk, based on AFLP
profiles. We performed AFLP analysis on 43 individual strains
that were monophyletic for mothers’ feces and infants’ feces
based on MLST data. An average of 206 (£23) fragments were
detected from each strain. These 43 strains were distributed
into 11 fragment patterns (Fig. 2). Isolates from family 3 were
clustered into 4 groups. Likewise, we identified 1 cluster for
family 4 isolates, 1 cluster for family 5 isolates, 3 clusters for
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Isolation source Isolation period Sequence type
Mother feces 21 days before delivery A*
Infant feces Day 3 A*
Infant feces Day 30 A*
Infant feces Day 90 A*
Infant feces Day 90 B
Mother feces 45 days before delivery c*
Mother feces 38 days before delivery Cc*
Infant feces Day 3 c*
Infant feces Day 7 c*
Infant feces Day 30 c*
Mother feces 53 days before delivery D
Mother feces 37 days before delivery D
Infant feces Meconium E
Infant feces Day 3 E
Infant feces Day 30 E
Mother feces 46 days before delivery F*
Mother feces 39 days before delivery F*
Infant feces Day 3 F*
Infant feces Day 7 F*
Infant feces Day 90 F*
Mother feces 45 days before delivery G*
Infant feces Day 7 G*
Mother feces 21 days before delivery H*
Mother feces 14 days before delivery H*
Infant feces Meconium H*
Infant feces Day 3 H*
Infant feces Day 7 H*
Infant feces Day 30 |
Infant feces Day 90 |
Mother feces 27 days before delivery N
Mother feces 15 days before delivery g
Infant feces Day 3 J*x
Infant feces Day 7 J*x
Infant feces Day 30 J*x
Infant feces Day 90 J*x
Breast milk Day7 Nl
Breast milk Day 30 K
Mother feces 21 days before delivery L*
Infant feces Day 3 L*
Mother feces 21 days before delivery M
Mother feces 14 days before delivery N*
Infant feces Day 7 N*
Infant feces Day 30 N*
Infant feces Day 90
Infant feces Day 7

Mother feces
Mother feces

21 days before delivery
14 days before delivery

Infant feces Day 7
Infant feces Day 7
Infant feces Day 90

Mother feces
Mother feces

44 days before delivery
37 days before delivery

<<<<xxX2S<<<CCHOBOOTO

Infant feces Meconium

Infant feces Day 7

Breast milk Day 30

Mother feces 23 days before delivery

Infant feces Day 7

Mother feces 45 days before delivery

Infant feces Day 7

Infant feces Day 30

Infant feces Day 3

Infant feces Day 7

Infant feces Day 30

Breast milk Day 30

Mother feces 64 days before delivery z*
Infant feces Day 3 i
Infant feces Day 7 z**
Infant feces Day 30 =
Breast milk Day 30 z*

FIG. 1. Dendrogram derived from a comparison of MLST profiles of B. longum subsp. longum isolates from mothers’ and infants’ feces and
breast milk for all 8 families. The dendrogram was generated with a multiscale setting for comparison and UPGMA for clustering. *, strains isolated
from mothers’ and infants’ feces showing the same MLST profiles within a given cluster. *#, strains isolated from breast milk and mothers’ and

infants’ feces showing the same MLST profiles within a given cluster.

family 6 isolates, 1 cluster for family 7 isolates, and 1 cluster for
family 8 isolates.

DISCUSSION

The aim of our study was to investigate whether mothers’
intestinal bacteria are transferred to their infants’ intestines
and, if so, whether these bacteria stably colonize the infants’
intestines over time. To test this hypothesis, we isolated B.

longum subsp. longum from the mothers’ and infants’ feces at
different times and performed a strain-level analysis using
MLST and AFLP methods for a total of 207 strains.

We identified 11 B. longum subsp. longum strains that were
monophyletic for the mother’s and infant’s feces, from 6 fam-
ilies out of 8, by both the MLST and AFLP methods. For
several strains, the positions within the evolutionary tree (den-
drogram) were different by MLST and AFLP (Fig. 1 and 2).
However, the focus of this study was to determine whether
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Strain No. Family No. Isolation source Isolation period Sequence type
326 3 Mother feces 14 days before delivery N*
520 3 Infant feces Day 7 N*

(. SR AvuuuJilbotleoes .. .08 3 cvucansamsnmnnns N

286 3 Mother feces 21 days before delivery A*

435 3 Infant feces Day 3 A*

727 3 Infant feces Day 30 A*
813 3_____Infantfeces ___I Day90 ________________ A

281 3 Mother feces 21 days before delivery H*

317 3 Mother feces 14 days before delivery HE

401 3 Infant feces Meconium H*

425 3 Infant feces Day 3 H*

0 T T— ¢ J— Infantfeces_ .. Ray 7 ... =

297 3 Mother feces 21 days before delivery L*
A4 3_____lInfantfeces ___I Day3 LD

618 5 Mother feces 46 days before delivery F*

711 5 Mother feces 39 days before delivery F*

| 1132 5 Infant feces Day 3 F*
| 1196 5 Infant feces Day 7 F*
[ _1666_____ 5_____Infantfeces____I Day90_ ________________F:
1835 6 Mother feces 45 days before delivery X*

1688 6 Infant feces Day 7 X*

Lo 6_____Infantfeces ___I L0 Vi N —— X

1078 6 Mother feces 45 days before delivery G*

687 ... Bocaainfantfeces. o PayT ccoceccvcnnnanas [

\ 1082 6 Mother feces 45 days before delivery c*

| 1769 6 Mother feces 38 days before delivery c*

| 1699 6 Infant feces Day 3 c*

‘ 1693 6 Infant feces Day 7 c*

A630. e - J— Infanifenns: ... DAY ocovovcvnnnsnin cz
2476 8 Mother feces 64 days before delivery Z2
2488 8 Infant feces Day 3 Z:
2494 8 Infant feces Day 7 Zt
2500 8 Infant feces Day 30 iz

2452 . 8 ____Breastmik ____I Day 30 .o pne cmnnns -
977 7 Mother feces 23 days before delivery w*

1268_____ 7_____Infantfeces ___I Day7 __ .. wr
865 4 Mother feces 27 days before delivery J*
950 4 Mother feces 15 days before delivery g
1120 4 Infant feces Day 3 JEF
1228 4 Infant feces Day 7 g
1375 4 Infant feces Day 30 g
1681 4 Infant feces Day 90 g
1227 4 Breast milk Day 7 N

FIG. 2. AFLP profiles of the 11 B. longum subsp. longum strains found by MLST analysis to be monophyletic between feces from mothers and
their infants. Dendrograms were generated with a multiscale setting for comparison and UPGMA for clustering.

these strains were monophyletic and not to clarify the evolu-
tionary relationship. Both methods identified the same mono-
phyletic strains. All strains that had the same STs also had the
same AFLP profiles (Fig. 1 and 2), confirming that these 11
strains were transferred from mother to infant. Monophyletic
strains from family 5 (ST F) were detected in the mother’s
feces at 46 days and 39 days before delivery and in the infant’s
feces at day 3, day 7, and day 90 after birth (Fig. 1). This
pattern, i.e., mother-infant monophyletic strains being contin-
uously detected over time in the infant feces, was found among
other families. These results suggest that predominant strains
in the pregnant mother’s intestine transfer to the infant’s in-
testine, expand in numbers soon after birth, and subsequently
colonize. Taken together, our results confirm, for the first time,
that the first bacteria to colonize the intestine of an infant are
transmitted from the mother. These findings confirm the data
from previous studies that first indicated the importance of
mother-to-infant transmission of bacteria in the colonization of
the gastrointestinal tracts of neonates (20, 25, 32).

We also detected two monophyletic strains that were trans-
ferred from mother to infant in breast milk (Fig. 1, STs J and
Z). Most breast milk isolates were found in the breast milk a
month after delivery. Several studies have discussed the possi-
bility of transfer of intestinal bacteria by breastfeeding (1, 12,
28). Although several authors have reported the presence of

bifidobacterial DNA in breast milk samples (12, 22), its isola-
tion seems to be more difficult. Martin et al. (22) were able to
isolate bifidobacteria from only 8 out of 22 breast milk samples
in which DNA was detected, suggesting fastidious growth re-
quirements of the bacteria present in this type of samples.
Further investigations are under way to clarify the importance
of bacterial transfer by breastfeeding.

Among the 69 individual strains, isolates from each mother-
infant pair formed their own clusters, suggesting that each
mother-infant pair has unique family type strains.

We designed primer sets specifically for MLST and AFLP
analysis of B. longum subsp. longum strains. The presence of
nucleotide polymorphisms is important for MLST analysis,
because this method is based on the characteristics of house-
keeping genes. For the 7 housekeeping gene loci that we se-
lected for MLST analysis, the number of polymorphic nucleo-
tide sites ranged from 5 (c/pC) to 191 (dnaJ) (see Table S3 in
the supplemental material). The dnaG and dnaJ gene loci
showed high levels of nucleotide polymorphisms (29.2% and
45.3%). The percentage of nucleotide polymorphisms was
11.62% of the complete CDSs of the 7 gene loci. This level of
nucleotide polymorphisms can provide high discriminatory
power for strain typing and is consistent with that reported in
other studies using MLST analysis (9, 38). For AFLP analysis,
the number of DNA fragments analyzed depends on the choice



VoL. 77, 2011

of restriction enzymes and the choice of PCR primers. The
restriction enzyme pair EcoRI and Msel is usually used for
AFLP analysis. However, this is the first time that an AFLP
analysis targeting bifidobacteria has been performed. To target
bifidobacteria, we chose the enzyme pair Mspl and Msel be-
cause they offer two key advantages over EcoRI and Msel.
First, Mspl and Msel can be used at the same reaction tem-
perature (37°C). Also, the number of fragments detected for B.
longum subsp. longum was 206 on average, which is about 4
times higher than that generated with the conventionally used
EcoRI-Msel pair (data not shown). Our results show that the
developed MLST and AFLP are efficient methods for identi-
fying B. longum subsp. longum strains.

In summary, we have shown that B. longum subsp. longum
strains are transmitted from mothers’ intestines to their infants
immediately after birth and that these strains subsequently
colonize the infants’ intestines. We have shown that each strain
is unique to a particular mother-infant pair and belongs to its
own cluster. Bifidobacteria are the predominant bacterial
group in the infants’ intestines (29), and our data suggest that
the mothers’ intestinal bifidobacteria during pregnancy are an
important component of their infants’ intestinal microbiota.
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