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ABSTRACT: The aim of this study was to examine the influence of
maternal intestinal and vaginal bifidobacteria on the establishment of
bifidobacteria colonizing the gut in infants. Fecal samples from 110
healthy pregnant mothers within 1 mo before delivery and their
babies at 1 mo of age and 100 vaginal swabs from the mother within
7 d before delivery were collected at a maternity hospital in Fukuoka
city, Japan. The fecal and vaginal samples were assayed by PCR to
detect Bifidobacterium species and by real-time PCR assays to
estimate the bifidobacterial number. The detection of Bifidobacterium
breve in the mothers’ feces was significantly associated with in-
creases in both the bifidobacterial counts and number of Bifidobac-
terium species in the babies’ feces. In addition, a cesarean section
was significantly associated with both a decrease in the counts and
diversity of bifidobacteria in the babies’ feces. The number of
Bifidobacterium species detected in the vaginal swabs of mothers
were not associated with either the bifidobacterial counts or the
diversity of bifidobacteria in the babies’ feces. The most important
determinants of intestinal bifidobacteria in infants were the coloni-
zation of B. breve in the mothers’ gut and vaginal delivery. (Pediatr
Res 65: 669–674, 2009)

The intestinal microbiota plays an important role in human
health by exerting metabolic activities that result in the

salvage of energy and absorbable nutrients, by providing a
barrier for the colonization of pathogens, and by stimulating
the development of the immune system (1). The development
of fecal microbiota in neonates is crucial because those bac-
teria first colonize the sterile intestine of the neonates and thus
have a large effect on the host (2). Initial colonization is also
relevant to the final composition of the permanent microbiota
in adults.
Although the intestinal tract is first colonized by facultative

aerobes, such as Enterobacteriaceae, after birth, these aerobes
stay there transiently and are soon replaced by anaerobes such
as bifidobacteria (3,4). Around 1 mo after birth, the genus
Bifidobacterium becomes predominant (5) and remains so in
the intestine during infancy. Furthermore, bifidobacteria are
considered to be the most important health-beneficial bacteria
for infants. First, bifidobacteria plays an important anti-

inflammatory role on the mucosal surface (6) and can provide
protection against enteric and systemic disorders caused by
bacterial pathogens (7). Second, probiotics, including bi-
fidobacteria might be related to the establishment of allergies
(8,9), and thus, play a role in the prevention of allergic disease
(10). Third, initial intestinal microbiota, in particular bifidobac-
terial colonization, has been suggested to be a prerequisite for the
induction of oral tolerance on the basis of investigation of oral
tolerance induction to the IgE response using germ-free mice
(11). Finally, the administration of bifidobacteria might be asso-
ciated with fewer abnormal abdominal signs, thereby stabilizing
immature intestinal microbiota in preterm infants (12).
Several studies have reported that, during and after birth,

microbes from both the mother and surrounding environment
colonize the gastrointestinal tract of the infant (13–15). The
intestinal microbiota of infants born through a cesarean sec-
tion is highly different from that of the neonates born through
a vaginal delivery, indicating the significant role of mother-
to-infant transmission of intestinal and vaginal microbiota in
the development of neonatal intestinal microbiota (16,17).
Although the development of neonatal intestinal microbiota
depends on the mother’s microbiota, mode of delivery, and
environment, it is not clear what factors of the mothers’
microbiota before delivery influence the establishment of
intestinal microbiota in infants. As reported earlier, bifidobac-
teria are predominant in the fecal microbiota of infants and
play an important role; therefore, it is important to understand
how maternal intestinal and vaginal bifidobacteria influence
the establishment of intestinal bifidobacteria in infants, in
particular, the total count of bifidobacteria and the number of
Bifidobacterium species (i.e., the diversity of Bifidobacterium
species). Moreover, although vaginal microbiota is thought to
be transferred to the infant and to influence early microbiota
development in the infant, only a few studies focusing on this
phenomenon are available.
Therefore, in this study, we examined the influence of

maternal bifidobacteria in the gut and vagina on the establish-
ment of intestinal bifidobacteria in infants at 1 mo of age,
when a stable intestinal microbiota has been established.Received October 17, 2008; accepted January 17, 2009.
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MATERIALS AND METHODS

Study population. Healthy pregnant women (n � 124; mean 33 � 4 y), 1
mo before the expected delivery day, were recruited to a maternity hospital in
Fukuoka city, Japan between September 2006 and January 2008. The feces
collected from the mothers within 1 mo before delivery and those collected
from the babies between the 3 wk of age and the 6 wk of age were included
in the analysis. Samples of feces that were insufficient in amount as well as
those from babies who had taken antibiotics after birth were excluded from
the analysis. A total of 110 mother–infant pairs were enrolled in the study.
The clinical characteristics and demographic data of the infants are summa-
rized in Table 1. Mothers from whom vaginal swabs could not be collected
within 7 d before delivery were excluded from the analysis. A total of 100
vaginal swabs were finally analyzed in this study.

Fecal and vaginal samples. Fecal samples were collected in sterile plastic
bags and immediately taken to the laboratory. All fecal samples were stored at
�80°C until analysis. Vaginal swabs were collected using a cotton swab rolled
over sections of the vaginal wall. The vaginal swabs were then sent to the
laboratory within 24 h at 4°C and thereafter were processed for DNA extraction.

DNA extraction. Bacterial DNA was extracted from the feces using an
Ultra Clean Soli DNA Isolation Kit (Mo Bio Laboratories, Carlsbad, CA)
according to the method described by Clement and Kitts (18) with some
modifications (19). Briefly, the fecal sample (0.1 g) was added to a tube that
contained lysozyme (25 mg/mL) and N-acetylmuramidase (0.3 mg/mL) and
incubated for 30 min at 37°C for cell lysis. Next, the extracted DNA was
purified using a High Pure PCR Template Preparation Kit (Roche Diagnostics
GmbH, Mannheim, Germany) according to the manufacturer’s instructions.
The produced DNA was stored at �20°C until PCR amplification. The bacterial
cells from the vagina were collected by suspending the cotton swab in 1 mL
distilled water and centrifuging it at 15,000 rpm. Bacterial DNA was extracted
from the collected cells using a Wizard Genomic DNA Purification Kit
(Promega Corporation, Madison, WI) according to the manufacturer’s in-
structions. The extracted DNA was stored at �20°C until PCR amplification.

Identification of Bifidobacterium species by PCR amplification. DNA
from the samples was analyzed for the presence of B. adolescentis, B. bifidum,
B. breve, B. catenulatum group, B. dentium, B. infantis, or B. longum. The
Bifidobacterium species-specific primer used in this study was described by
Matsuki et al. (20). Each PCR mixture (50 �L) was composed of 10 �L of a
5� Taq Buffer (Promega Corporation, Madison, WI), 1.5 mM MgCl2,
deoxynucleoside triphosphate at a concentration of 200 �M, species-specific
primer at a concentration of 200 �M, and 1.25 U of Taq polymerase (Promega
Corporation). The PCR was carried out with Mastercycler ep gradient S (Eppen-
dorf, Hamburg, Germany). The following amplification program was used: one
cycle at 94°C for 5 min, followed by 35 cycles of 94°C for 20 s, 55°C for 20 s,
72°C for 30 s, and, finally, one cycle of 72°C for 5 min. The amplified DNA was
verified by electrophoresis of the PCR products in 1.5% agarose in a 1� TAE
buffer. The prevalence of colonization was expressed as the percentage of positive
samples in each Bifidobacterium species in the total samples.

Real-time PCR. Real-time PCR amplification and detection were per-
formed in an ABI PRISM 7700 sequence detection system (Applied Biosys-
tems, Foster, CA). Bacterial DNA from the samples was subjected to real-
time PCR assays on 16s rDNA gene sequences. The species-specific primer
and PCR conditions for bifidobacteria used in this study were described by
Matsuki et al. (21). For the detection of bifidobacteria, amplification was
performed in a total volume of 25 �L, containing 12.5 �L SYBR GREEN
Master Mix (Applied Biosystems, Foster, CA) and 0.25 �M of each specific
primer. The amplification program had one cycle of 94°C for 5 min, 40 cycles

of 94°C for 20 s, 55°C for 30 s, and 72°C for 1 min, and, finally, one step of
each cycle of 94°C for 15 s. The values of log10 cells/g feces for the bifidobacteria
were calculated for each stool sample from the threshold cycle values using
constructed standard curves. Bacterial DNA from all vaginal samples was also
subjected to a real-time assay for lactobacilli. According to the method described
by Byun et al. (22), the number of bifidobacteria in the vaginal swabs was
indicated semiquantitatively by the logarithmic ratio of the counts of bifidobac-
teria to those of lactobacilli (log10 [counts of bifidobacteria/counts of lactobacilli],
B/L ratio) because the amount of vaginal swabs could not be measured.

Culture of bifidobacteria in the presence of galacto-oligosaccharides.
Strains of B. breve (n � 29) and B. longum (n � 17) obtained from the feces
of babies were suspended in an EG broth at 109 CFU/mL and 1 mL of the
suspension was added to a culture flask, containing 100 mL fresh EG broth.
One percent (wt/vol) galacto-oligosaccharides (Oligomate 55 NP, Yakult
Pharmaceutical Industry, Tokyo, Japan) was then added to the culture flask
just before the start of incubation. Next, the culture was anaerobically
incubated at 37°C for 24 h. At 12 and 24 h after incubation, an aliquot was
removed to determine the bacterial number spectrophotometrically at 550 nm.

Statistical analysis. Continuous variables were reported as the medians
and the interquartile range or the means and SD, according to their distribu-
tion. The Wilcoxon rank test was used to compare the bifidobacterial counts
between the mothers and babies. The Spearman’s correlation coefficient was
calculated to determine the relationship between the fecal bifidobacterial
counts of the mothers and those of the babies or between the bifidobacterial
counts of the vaginal swabs (B/L ratio) and those of the babies’ feces. The
Mann-Whitney U test was used to determine the unadjusted maternal effects
on the bifidobacterial counts and the number of Bifidobacterium species in the
babies’ feces. The distribution of the bifidobacterial counts was not normal
because it had a detection limit. The lowest value (5.0) under measurable
limits was inserted in the bifidobacterial counts. A proportional odds logistic
regression was used to examine the influence of the maternal determinants on
the bifidobacterial counts and diversity in the babies’ feces. The proportional
odds logistic regression is a model for not only ordinal categorical outcome
variables but also skewed continuous outcome variables using ranks of data
(23). The following independent variables were included in this model: the
colonization of each Bifidobacterium species in the mothers’ feces, the
delivery mode, and the number of Bifidobacterium species in the vaginal
swabs. The proportional odds assumption was assessed with a test of parallel
lines. The values of p � 0.05 were considered statistically significant. SPSS
(SPSS, Chicago, IL) version 16.0 for Windows was used for the data analysis.

Ethical considerations. This study protocol was approved by the Com-
mittee on Ethical Practice in Tokai University School of Medicine. Written
informed consent was obtained from all the mothers.

RESULTS

Counts of bifidobacteria in the feces and vaginal swabs.
The median counts of bifidobacteria in the feces and vaginal

Figure 1. Bifidobacterial counts in the feces (n � 110) and vaginal swabs
(n � 100). A, Bars represent the median of bifidobacterial counts in the feces
of mothers and babies. The median (interquartile range) of mothers and babies
was 9.6 (9.2–10.0) and 9.4 (7.7–9.8), respectively. *p � 0.001 (examined by
the Wilcoxon rank test). B, The bar represents the median of the B/L ratio of
vaginal swabs. The B/L ratio is the log10 [count of bifidobacteria/count of
lactobacilli] (B/L ratio) in the vaginal swabs. The median (interquartile range)
of the B/L ratio was �1.1 (�2.1 to 1.0).

Table 1. Clinical characteristics and demographic data of the
infants in the study population

Characteristics Values

No. of infants 110
No. of male infants (%) 56 (50.9)
Gestational age at birth (wk) 39 � 1*
Birth weight (g) 3065 � 424*
Birth length (cm) 48.5 � 2.1*
Birth head circumference (cm) 33.3 � 1.3*
No. of delivery by cesarean section (%) 7 (6.4)
No. of exclusively breast-fed babies (%) 54 (49.1)
No. of mixed-fed babies (%) 51 (46.4)
No. of exclusively formula-fed babies (%) 2 (1.8)
No. of babies with unknown feeding method 3 (2.7)

* Mean � SD.
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swabs are shown in Figure 1. The counts of bifidobacteria in
the feces of the mothers were significantly higher than those of
bifidobacteria in their babies’ feces (p � 0.001, Wilcoxon
rank test). The counts of lactobacilli were higher than those of
bifidobacteria in the vaginal swabs of the mothers (Median
B/L ratio � �1.1). There was no significant correlation
between the fecal bifidobacterial counts of the mothers and
those of the babies or between the bifidobacterial counts of the
vaginal swabs (B/L ratio) and those of the babies’ feces (R �
0.054, R � �0.113, respectively, Fig. 2).
Bifidobacterium species composition in the mothers and

babies. The prevalence of the detection of each Bifidobacte-
rium species in the samples of both the feces and vaginal
swabs is shown in Table 2. In the feces of mothers, B. longum
was the most common species (91.8%). In the feces of babies,
on the other hand, B. breve was the most frequent species
(43.6%). In the vaginal swabs of mothers, B. breve, which was
the most common species found in the feces of babies, was
also the most prevalent species (56.0%). To investigate why B.
breve was the most frequent Bifidobacterium species in the gut
of babies, the growth of B. breve strains was examined in vitro
using B. longum as the control in the presence of galacto-
oligosaccharide, which is a major component in mother’s milk
(Fig. 3). As a result, strains of B. breve isolated from the feces
of babies showed a significantly higher growth than those of
B. longum.
Maternal fecal bifidobacterial species influencing the

count and diversity of fecal bifidobacteria in babies. Table 3
shows the relationship between the Bifidobacterium species in
the feces of mothers and the counts/diversity of bifidobacteria
in their babies’ feces. The detection of B. breve in the moth-
ers’ feces was significantly associated with increases in both
the counts and diversity of bifidobacteria in the babies’ feces
(p � 0.018 and p � 0.001, respectively). Such significant
increases of bifidobacteria in the babies’ feces were also found
when B. infantis was detected in the feces of mothers (p �
0.005), although the prevalence of this species was low in
their feces (five of 110). Using the vaginal swabs of mothers
within 7 d before delivery, the relationship between the Bi-
fidobacterium species of the vaginal swabs and the bifidobac-
terial status in the feces of babies was then analyzed in the
same way. However, no particular Bifidobacterium species

colonizing the vagina affected the bifidobacteria status in the
gut of babies (data not shown). Furthermore, the effects of the
delivery mode on the bifidobacterial status in the feces of

Figure 2. Relationship between the
bifidobacterial counts in the feces of
babies and the bifidobacterial counts
in the mothers’ feces. A, Correlation
between the fecal bifidobacterial
counts of the mothers and those of
the babies (R � 0.054, p � 0.572,
Spearman’s correlation coefficient).
B, Correlation between the bi-
fidobacterial counts of the vaginal
swabs (B/L ratio) and those of the
babies’ feces (R � �0.133, p �
0.189, Spearman’s correlation coef-
ficient).

Figure 3. Growth of Bifidobacterium strains in the presence of galacto-
oligosaccharide. Bars represent the median of O.D. strains of B. breve (n �
29) and B. longum (n � 17) obtained from the feces of babies were incubated
for 12 (A) and 24 (B) h, as described in Materials and Methods section. A, The
median (interquartile range) of O.D. for B. breve and B. longum was 0.53
(0.45–0.61) and 0.44 (0.35–0.49), respectively. B, The median (interquartile
range) of O.D. for B. breve and B. longum was 0.51 (0.43–0.57) and 0.35
(0.27–0.43), respectively. *p � 0.008 (examined by the Mann-Whitney U
test), †p � 0.001 (examined by the Mann-Whitney U test).

Table 2. Prevalence of the colonization of Bifidobacterium species
in both the feces of mothers and babies and in vaginal swabs

of mothers

Genus or species
examined

Prevalence of positive samples (%)

Feces of mothers
(n � 110)

Vaginal swabs
(n � 100)

Feces of babies
(n � 110)

Bifidobacterium 100 83.0 90.0
B. adolescentis 63.6 26.0 2.7
B. bifidum 27.3 2.0 10.9
B. breve 26.4 56.0 43.6
B. catenulatum group 68.2 53.0 11.8
B. dentium 2.7 18.0 5.5
B. infantis 4.6 3.0 19.1
B. longum 91.8 24.0 32.7
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babies were analyzed (Table 3). In comparison to vaginal
delivery, a cesarean section decreased the diversity in the
feces of babies (p � 0.006).
Next, a proportional odds logistic regression analysis was

performed to examine the proper effect of these different
maternal determinants on the status of bifidobacteria in the
babies’ feces (Table 4). The detection of B. breve in the
mothers’ feces was still significantly associated with the in-
creases in both the bifidobacterial counts and the number of
Bifidobacterium species in the babies’ feces (p � 0.038 and
p � 0.001, respectively). A cesarean section was significantly
associated with both decreases in the counts and diversity of
bifidobacteria in the feces of babies (p � 0.033 and p � 0.016,
respectively). In addition, the detection of B. infanits in the
mothers’ feces, which was a significant factor in the univariate
analysis, was associated with the counts of bifidobacteria in
the feces of babies (p � 0.001).

DISCUSSION

This study investigated the influence of bifidobacteria in the
gut and vagina of the mothers on the establishment of intes-
tinal bifidobacteria in their babies at the age of 1 mo. Regard-
ing the analysis of the bifidobacterial counts, the fecal counts
of bifidobacteria were significantly lower in the babies than
those of the bifidobacteria in the mothers in this study. How-
ever, no such difference in the counts was found between them
in the report by Grönlund et al. (24), in which one half of the
mothers had received probiotic supplements during preg-
nancy. Considering that no probiotic supplements were ad-
ministered to the mothers in this study, we can assume that the
intestinal ecosystem of the baby had intrinsically less capacity
to colonize bifidobacteria than that of the mother. There was
no significant correlation between the counts of bifidobacteria
in the mothers’ feces/vaginal swabs and those in the babies’

Table 3. Maternal fecal bifidobacterial species associated with the counts and diversity of fecal bifidobacteria in babies

Species in the feces of
the mother

Colonization
(�/�)

No. of samples
detected

Counts of bifidobacteria
in the feces of the baby
(log10 cells/g feces)*

p† (between
� and �)

No. of Bifidobacterium
species detected in the
feces of the baby‡

p† (between
� and �)

B. adolescentis � 70 9.3 (6.5–9.7) 0.349 1.3 � 1.0 0.876
� 40 9.4 (8.9–9.8) 1.3 � 1.0

B. bifidum � 30 9.2 (6.0–9.7) 0.412 1.4 � 1.0 0.339
� 80 9.4 (8.7–9.8) 1.2 � 1.0

B. breve � 29 9.5 (9.1–9.8) 0.018 1.9 � 1.0 �0.001
� 81 9.2 (6.2–9.8) 1.0 � 1.0

B. catenulatum group � 75 9.4 (8.7–9.7) 0.444 1.4 � 1.0 0.119
� 35 9.3 (6.3–9.7) 1.1 � 1.0

B. dentium � 3 9.8 (9.0–10.1) 0.376 2.0 � 0 0.144
� 107 9.4 (7.0–9.8) 1.2 � 1.0

B. infantis � 5 9.8 (9.8–10.9) 0.005 1.8 � 1.1 0.265
� 105 9.3 (6.9–9.7) 1.2 � 1.0

B. longum � 101 9.3 (6.9–9.8) 0.425 1.3 � 1.0 0.824
� 9 9.5 (9.2–9.9) 1.2 � 1.1

Delivery by cesarean section 7 8.8 (5.0–9.3) 0.064 0.3 � 0.5 0.006
Delivery by vaginal route 103 9.4 (8.4–9.8) 1.3 � 1.0

* Median (interquartile range).
† Examined by Mann-Whitney U test.
‡ Mean � SD.

Table 4. Proportional odds regression analysis of maternal determinants associated with an increase in the bifidobacterial counts and the
diversity in the feces of babies

Maternal determinants

Bifidobacterial counts in the feces of the
baby (log10 cells/g feces)

No. of Bifidobacterium species detected
in the feces of the baby

OR (95% CI) p OR (95% CI) p

Detection of Bifidobacterium
species in the feces

B. adolescentis 1.06 (0.48–2.36) 0.888 1.04 (0.45–2.44) 0.923
B. bifidum 0.64 (0.28–1.45) 0.287 1.65 (0.69–3.93) 0.262
B. breve 2.36 (1.05–5.33) 0.038 4.82 (1.96–11.85) �0.001
B. catenulatum group 1.41 (0.65–3.06) 0.387 1.26 (0.55–2.9) 0.583
B. dentium 1.89 (0.15–23.02) 0.619 3.99 (0.28–56.19) 0.306
B. infantis 24.78 (3.87–158.83) 0.001 3.45 (0.55–21.54) 0.185
B. longum 0.85 (0.22–3.32) 0.811 1.05 (0.24–4.53) 0.948

No. of Bifidobacterium
species detected in the
vaginal swabs

0.92 (0.74–1.13) 0.431 1.05 (0.84–1.32) 0.661

Delivery by cesarean section 0.18 (0.04–0.87) 0.033 0.08 (0.01–0.62) 0.016
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feces. This indicated that the total counts of bifidobacteria per
se in the mother did not affect the bifidobacterial status of the
baby, as has been reported previously (25).
In this study using PCR methods, bifidobacteria were de-

tected in more than 80% of the vaginal swab samples, and
their counts were almost comparable to those of lactobacilli,
whereas just a presence of bifidobacteria in the vagina had
been previously reported using a culture-dependent method
(26). The vaginal epithelium contains glycogen, a mul-
tichained polysaccharide. The amount of glycogen is regulated
by the secretion level of both estrogens and progesterones
(26,27). Because polysaccharides selectively increase the
growth of bifidobacteria (28–30), it is suggested that the
vagina during pregnancy, in which female hormones are
present at high levels, may therefore sustain the colonization
of high counts of bifidobacteria.
Regarding the analysis of diversity of Bifidobacterium spe-

cies, B. breve was the most prevalent species in both the feces
of babies and the vaginal swabs of mothers, although this
species was far less prevalent in the feces of mothers. Ninety-
five percent of the babies in this study received breast or
mixed milk containing a high concentration of galacto-
oligosaccharide. Moreover, B. breve was able to grow well in
the presence of galacto-oligosaccharide (Fig. 3). Therefore,
the high level of galacto-oligosaccharide in the gut of babies
resulted in B. breve being the most prevalent Bifidobacterium
species in their guts. Glycogen and/or its degradation products
may support the growth of B. breve in the vagina. The
difference in the prevalence of the colonization of Bifidobac-
terium species in feces was reported in a previous study using
German samples (30). In that study, the dominant Bifidobac-
terium species was B. infantis; however, this species was the
third in our study. This discordance may be caused by differ-
ences in environmental and genetic backgrounds.
In the analysis of the relationship between the bifidobacte-

rial status of the mothers and babies, the detection of B. breve
in the feces of mothers was significantly associated with the
increases in both the counts and diversity of bifidobacteria in
the feces of babies. Because B. breve was assumed to be an
appropriate species in the gut of babies, it is likely that it
would rapidly increase in number if it had been colonizing the
gut of mothers and had moved to that of babies during
delivery or after birth. On the other hand, the colonization of
B. breve and other species in the vaginal swabs did not
statistically influence the counts or diversity of fecal bi-
fidobacteria in the babies. The bifidobacterial counts in the
vagina were much smaller than those in the intestine (27).
Such a low number may not be able to affect the status of
babies’ bifidobacteria.
In this study, delivery by cesarean section had a signifi-

cantly negative effect on the counts and diversity of the
bifidobacteria in the babies’ feces, as reported previously
(16,31). Because the route of a cesarean delivery is away from
the anus, it is likely that B. breve in the feces of mothers
cannot gain access to the babies during delivery.
Although we analyzed the difference in the bifidobacterial

counts and diversity in the gut between the newborns who
were exclusively breast-fed and those who were partially

breast-fed, no significant difference was found between the
two groups (p � 0.992 and 0.731, respectively). We did not
include these data in the analyses of this study because the
data of feeding were not maternal factors regarding the time
before and during delivery. In this study, our analysis was
focused on the maternal determinants that affect the intestinal
bifidobacterial colonization of infants.
In previous studies, the administration of a probiotic to the

mothers during pregnancy had a tendency to increase the
bifidobacterial diversity in infants (19). In addition, a probiotic
administered to mothers during pregnancy has been recovered
from the feces of infants (32). These studies indicated that
probiotic consumption might render an ecosystem favorable
for the growth of bifidobacteria in the gut of the mother and
that such an ecosystem could be transmitted from mother to
infant. Bifidobacterium species, in particular B. breve, is con-
sidered to be the most important health-beneficial bacteria for
infants (6,7,12). These reports, when considered together,
suggest that the administration of B. breve to mothers might
increase the transmission of this species to infants.
There are some limitations associated with this study. First,

only the effect of the mothers’ bifidobacteria on the babies’
bifidobacteria was examined. Further research is needed to
clarify the effects of bacterial species other than Bifidobacte-
rium. Second, the strain of bifidobacteria in the feces or
vaginal swabs was not determined. Further study on the strain
of bifidobacteria will be needed to elucidate the transmission
route from mothers to infants. In conclusion, the significant
determinants affecting the intestinal bifidobacterial status of
infants were the colonization of B. breve in the mothers’ gut
and vaginal delivery.
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