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Introduction
The effect of probiotics in preventing the development of allergies 

has been reported since 2001 [1]. A meta-analysis published in 2015 
provided evidence of the efficacy of probiotics, administered to pregnant 
and lactating mothers, in preventing atopic disease and allergies in 
infants [2-4]. The World Allergy Organization-McMaster University 
Guidelines for Allergic Disease Prevention (GLAD-P) determined 
that there is likely a net benefit of using probiotics for the prevention 
of eczema in infants, when the probiotics are used by [5], a) pregnant 
women at high risk for having an allergic child; b) women who are 
breastfeeding infants at high risk of developing an allergy; and c) infants 
at high risk of developing an allergy. However, the evidence underlying 
these recommendations is not very strong. Therefore, we have been 
conducting an intervention study, since 2009, in which Lactobacillus 
rhamnosus GG (LGG) yogurt is given to pregnant women during late 
pregnancy and we monitor the health of their infants’ skin and their 
intestinal microbiota. As part of this ongoing study, we have previously 
reported that exposure of mothers to LGG during the last trimester of 
pregnancy increased the intestinal bifidobacteria in infants, which is 
believed to be useful in preventing atopic eczema [6]. In particular, the 
detection rate of Bifidobacterium, the number of bacteria, the number 
of bifidobacterial species, and the detection rate of Bifidobacterium 
breve (B. breve) were higher among infants whose mother consumed 
LGG during the last trimester of pregnancy than in those whose mother 
were not exposed to LGG, with this difference being specifically greater 
between 4 and 9 months after birth. 

In the current study, our aim was to evaluate the influence 
of probiotic administration to pregnant women on the intestinal 
microbiota of infants after weaning (at 4 and 6 months) and to evaluate 
the relationship between intestinal microbiota and the prevalence of 
eczema at 1 year of age. 

Materials and Methods
Participants 

Participants were recruited from among the 1714 pregnant women 
who made regular visits to our obstetrics department, from March 
2009 through April 2015, and who planned to deliver their baby at our 
hospital. Since it is ethically difficult to randomly assign participants to 
the probiotic intervention group, we recruited a probiotic administration 
group and a control group for every month. Before participating in the 
study, all mothers received a full and clear description of the study goals 
and procedures and provided their written informed consent. All study 
procedures were completed in accordance with the Helsinki Declaration 
and were reviewed and approved by the Toho University Medical Ethics 
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Abstract
Objective: We investigated the effects of probiotic yogurt administration to mothers during late pregnancy on 

intestinal microbiota and the incidence rate of atopic eczema in infants at one year of age. 

Methods: Eighteen pregnant women were given 100 g of yogurt containing Lactobacillus rhamnosus GG 
(LGG), from day 1 of the 33rd week of gestation until parturition (LGG group), and the results obtained from 
their newborns were compared to those from infants born to 14 mothers who had not received this probiotic 
treatment (Control group). Lactobacillus GG bacteria (LGG bacteria) in infants’ feces at 4 and 6 months of age 
were compared using quantitative polymerase chain reaction. The relationship between the detection rate of LGG 
bacteria and the presence or absence of eczema at the age of one year was evaluated.

Results: The LGG bacteria detection rate at 4 months was significantly higher in the LGG than in control group 
(p<0.05), with a lower incidence rate of eczema in the LGG than in the control group (p<0.05). Among infants 
with eczema at 4 and 6 months, the rate of eczema clearing at 1 year was higher for the LGG than the control 
group (p<0.05). Administering LGG to pregnant women was effective in lower the incidence of eczema at 1 year, 
regardless of the LGG bacteria in infants (p<0.03).

Conclusion: Giving LGG yogurt probiotics to pregnant women during late pregnancy is useful in preventing 
eczema in infants at 1 year of age.
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Committee (approval no. 20012). The study was registered in the UMIN-
CTR Clinical Trial Registry (UMIN 000017255). 

Exclusion criteria

Women with pre-eclampsia, pregnancy-induced hypertension, 
gestational diabetes, allergies to milk products, or infectious diseases 
were excluded from the study. 

Design

Our study group included 90 cases in the LGG group and 68 in the 
control group. Infants were breastfed for at least 1 month after birth, and 
those who did not require antimicrobial oral medicine or topical steroid 
medicine up to the age of 6 months and who were followed-up to 1 
year of age for eczema screening were included in the analysis. From 
this group, we excluded cases in which the mother was administered 
more than the usual dose of antibiotics, before and after parturition, 
where usual care in our hospital includes the provision of antibiotics 
to mothers within 3 days after parturition. Based on these criteria, 18 
cases in the LGG group and 14 cases in the control group were included 
in the final analysis. 

The occurrence of eczema was determined using a parent-
report questionnaire. Using the severity scoring of atopic dermatitis 
(SCORAD) questionnaire [7], we asked mothers to describe the site 
and nature of their infant’s eczema on the doll figure provided in the 
questionnaire. Eczema was generally defined by the presence of papules, 
erosions, cracks in the ears, and/or itching. 

The 18 women in the LGG group started the probiotic regimen 
on the first day of the 33rd week of gestation. The regimen consisted 
of consuming one 100-g package of yogurt containing LGG per day 
until parturition, with a daily record of consumption maintained by 
each mother. Therefore, mothers had a 1 to 2 month exposure to LGG. 
The LGG yogurt (brand name “Onaka e GG”) was kindly supplied by 
the Takanashi Milk Products Co., Ltd. (Yokohama, Japan). Their own 
research confirmed that each 100-g serving of yogurt, which is the 
recommended daily amount, contains >1.4 × 1010 colony-forming 
units (CFUs) of LGG. Mothers in the control group did not receive this 
probiotic regimen during late gestation. Other than the prescribed LGG, 
mothers in both groups were instructed to consume as little fermented 
foods, such as natto (fermented soybeans) and yogurt, as possible.

Fecal samples were collected from infants at 4 and 6 months after 
birth for between-group comparison. Samples were assigned a random 
number to ensure anonymity in the blinded analysis. The stool samples 
were frozen at -20°C after collection at home and all samples were 
stored at -80°C until DNA extraction and quantitative polymerase 
chain reaction (Q-PCR), which were performed at Turku University.

DNA-extraction 

DNA was extracted from 200 mg stool samples using the ISOFECAL 
for Beads Beating kit (Nippon Gene Co., Ltd., Japan) and the Mini 
Bead Beater kit (Biospec Products, Inc., USA), based on manufacturers’ 
instructions [8].

Quantitative PCRs

Quantitative PCR was performed as previously described [9,10]. 
PCR amplification and detection were performed using an ABI PRISM 
7300-PCR sequence detection system (Applied Biosystems, Foster City, 
CA). The bacterial concentration in each sample was determined by 
comparing the Ct values obtained from standard curves formed from 
serial dilutions of DNA extracted from a known amount of LGG cells.

Data collection 

The background characteristics of mothers and newborns were 
retrospectively analyzed from their hospital records. The following 
information from mothers was extracted for analysis: age, history of 
allergies, complications during pregnancy, use of antibiotics during 
pregnancy, turbidity of amniotic fluid, and parturition status. Information 
on newborns included: sex, gestational weeks, type of delivery, height and 
weight at birth, and any complications before or around the time of delivery. 

Statistical analysis

Student’s t-test and chi-squared (χ2) analyses were used to evaluate 
between-group differences in the characteristics of mothers and 
newborns, either at or soon after delivery. Between-group differences 
in the prevalence of LGG and eczema were evaluated using χ2 analysis, 
as well as Fisher's direct probability calculation method and logistic 
regression analysis. All analyses were performed using SPSS for 
Windows (version 18; SPSS Inc., Chicago, IL, USA). 

Results
Background information on mothers and newborns 

There were no differences in the characteristics of the mothers 
between the LGG and control groups with respect to age, history 
of allergies, rate of cesarean delivery, intake of milk products after 
delivery, or complications during pregnancy. For newborns, there were 
no between-group differences with regard to age, sex ratio, weeks of 
gestation, birth weight and height, and the introduction to baby food at 
6 months of age (Table 1).

Detection rate of LGG bacteria 

As shown in Figure 1, the rate of LGG bacteria detection at 4 
months of age was significantly higher in the LGG than the control 
group (p=0.02), with no significant between-group difference at 6 
months of age.

Prevalence of Eczema at 1 year of age 

As shown in Figure 2, the prevalence of eczema was significantly 
lower in the LGG (16.7%) than the control (57.1%) group (p=0.02).

Relationship between the incidence of eczema (at 4 and 6 
months) and eczema at 1 year of age 

Among infants with eczema at 6 months of age, eczema cleared in 
77.8% of cases at 1 year of age in the LGG group, compared to only 
28.6% in the control group (Figure 3). 

 
 
 

 M
 

 LGG Control P value
Age (years) 31.2 ± 4.53 31.8 ± 5.12 n.s.
Allergy*(%) 61.1 57.1 n.s.
Cesarean delivery 0 0 n.s.
Intake of milk products 
after delivery 9 7 n.s.

N

Male:Female 12:6 5:9 n.s.
Gestational weeks 39w0d 40w1d n.s.
Height (cm) 49.0 ± 1.54 48.8 ± 1.45 n.s.
Weight (g) 3050.1 ± 296.3 3114.4 ± 359.9 n.s.
Baby food begins (6 mo) 14 11 n.s.
Breast:Mix:Milk (6 mo) 12:6:0 8:4:2 n.s.

Table 1: Background information on mothers and newborns; M-Mothers; 
N-Newborns; *-Bronchial asthma; atopic dermatitis; allergic rhinitis; food allergy; 
mo- months.
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Relationship between the presence of LGG bacteria at 4 and 6 
months of age and the occurrence of eczema at 1 year of age

We investigated the association between LGG bacteria detected 

in stool samples at 4 and 6 months of age and the prevalence of 
eczema at 1 year of age. The prevalence rate of eczema at 1 year of 
age was lower among infants in whom LGG bacteria were recovered 
in feces at 4 and/or 6 months of age than in the group of infants in 
whom LGG bacteria were not detected, although this difference was 
not significant (Figure 4). 

We also compared the detection of rate of LGG bacteria between the 
two groups and the relationship between LGG bacteria and the prevalence 
rate of eczema between the two groups at 1 year of age. Regardless of the 
status of LGG administration to mothers in late gestation, the presence of 
LGG bacteria was associated with a lower prevalence of eczema at 1 year of 
age (Figure 5a). Furthermore, we found that the incidence of eczema at 1 
year of age was significantly lower in infants in the LGG than in the control 
group, even when LGG bacteria were not detected at 4 and/or 6 months of 
age (p<0.05; Figure 5b).

Relationship between the presence of eczema and LGG 
administration 

We evaluated the relative association between LGG administration, 
Lactobacillus and LGG detection and the incidence of eczema at 1 year 
of age, using logistic regression analysis. The incidence of eczema at 1 
year of age was significantly lower in infants born to women who were 
administered LGG, compared to the control group (Figure 6). 
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Figure 1: LGG bacteria detection rate; This graph compares the detection rate 
for LGG bacteria, at 4 and 6 months, between the LGG and the control group, 
with the detection rate being significantly higher at 4 months of age in the LGG 
than control group (chi-squared test, p=0.02). 
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Figure 2: Presence of eczema at 1 year of age; Between-group differences 
in the detection of eczema at 1 year of age, with the rate being significantly 
lower in the LGG group (16.7%) than the control group (57.1%; chi-squared 
test, p=0.02).
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Figure 3: Relationship between the incidence of eczema (at 4 and 6 months) 
and eczema at 1 year of age between the two groups, with a decrease from 6 
months to 1 years of 77.8% in the LGG group, compared to 28.65 in the control 
group (chi-squared test, p=0.04). 
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Figure 4: Relationship between detection of LGG bacteria and eczema at 1 
year of age.
This figure shows the prevalence of eczema at 1 year as a function of the 
detection rate of LGG bacteria at 4 and 6 months for all infants (N=32), with the 
prevalence at 1 year being lower among infants with LGG bacteria, although 
this difference was not significant (n.s). 
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Figure 5: Relationship between the incidence of LGG bacteria and eczema at 
1 year of age; a) Cases of eczema at 1 year were lower in infants with LGG 
bacteria, regardless of group; b) The prevalence of eczema at 1 year was 
significantly lower in the LGG than the control group, even when LGG bacteria 
were not detected at 4 (p=0.04) and 6 (p=0.03) months. 
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Discussion
Our findings support the benefit of providing LGG yogurt to 

pregnant women during the last month of pregnancy in enhancing the 
growth of LGG bacteria in the intestinal tract of their newborns before 
weaning, with an increase in intestinal LGG bacteria being associated 
with a lower risk of eczema at 1 year of age. 

As well, the prevalence rate of eczema at the age of 1 year was 
significantly lower in the LGG than the control group, even among 
infants who had eczema at 6 months. 

According to the meta-analysis by Panduru et al. [4], specific 
probiotics may offer protection against atopic diseases if they are 
administered in the pre- and post-natal period in both the general infant 
population and in infants at risk for allergies. In this systematic review, 
however, one study included only prenatal probiotic administration. 
Moreover, comparison of findings between studies is difficult because 
of the differences in the type of probiotics administrated, the number 
of bacteria included in the probiotic preparation, the administration 
period, and the timing of the assessment of eczema in babies. 

There has been continued interest in the protective role of 
probiotics, with several studies reporting beneficial effects of specific 
probiotics in lowering the risk for allergy development, and specifically 
in lowering the incidence rate of eczema in infants [11-16]. The 
Philippine guidelines on maternal and child health [17] recommend the 
administration of probiotics to women during pregnancy and lactation. 
However, although reviews have supported a role of probiotics in 
preventing eczema in infants, the quality of this evidence is still low 
[18-21].

In our study, we identified a lower incidence rate of eczema at 1 year 
of age in the LGG group, regardless of the detection of LGG bacteria 
at 4 and 6 months. Therefore, it is possible to consider that LGG 
administration does not only influence the intestinal bacteria of infants 
after birth, but also exerts a protective effect during the fetal stage.

The lactation period has been reported to be a critical period for 
allergy development. Recent studies have detected bacterial DNA in the 
placenta, umbilical cord blood and amniotic fluid [22-26]. Therefore, 
although the mechanism is still unknown, there is a possibility of 
a transfer of the intestinal bacteria from the mother to the fetus, via 

hematogenous and lymphogenous routes, and that such transfer might 
influence the immune response of the fetus in utero. This fetal immune 
response could further be enhanced by the prenatal administration of 
LGG, as in our study. 

According to Khan et al. [27] the intra-uterine environment 
influences allergy development in infants. However, according to the 
review by West et al., only a few reports have examined the benefits 
of probiotic administration administered only in the prenatal or post-
natal period [20]. Specifically, Rø et al. [28] speculated that the effect 
of perinatal probiotic administration was mediated via a reduction in 
the proportion of Th22 cells, which is likely to be the same mechanism 
mediating the beneficial effects that we identified in our study. This 
pathway could explain the effectiveness of probiotics in lowering an 
infant’s risk of developing an allergy. We are continuing to explore 
this avenue through a study of maternal microbiota in specimens 
obtained from umbilical cord blood, breast milk, intravaginal fluid, and 
perimammary skin. 

In our current study, we administered probiotics to pregnant 
mothers, and not to their infants. The reason was that, although it 
is generally said that probiotic administration to infants is safe [29], 
some studies have reported an increased risk for sepsis associated with 
probiotic administration [30-33]. Furthermore, with emphasis on 
maternal safety, mothers were given a probiotic yogurt that had been 
developed and approved as a commercial FOSHU product. 

Our study cohort included infants born vaginally, who received 
breast milk (exclusive breast feeding) for at least 1 month after birth 
and who did not use oral antibiotics or steroid ointment up to the age of 
6 months. Therefore, our measured effects of LGG were not influenced 
by the use of antibiotics and steroid medication. The presence of 
eczema at the age of 1 year was significantly lower in the LGG than 
control group, which was comparable to previously reported results. 
We did not restrict the mothers’ ingestion of yogurt after birth, which 
was not different between the two groups. Therefore, the benefits that 
we identified could be specifically related to the prenatal maternal use 
of probiotics. However, as the occurrence of eczema was reported by 
parents, and not diagnosed by a doctor, it was not possible for us to 
evaluate differences between light and severe eczema, with light eczema 
not requiring topical steroid treatment. This is a limitation of our 
trial. In addition, the sample size was small. We plan to investigate by 
increasing the number of samples in the future.

In summary, LGG administration to pregnant women prevented 
the onset of eczema in their infants at the age of 1 year. In addition, in 
the LGG group, the occurrence of eczema was lower than in the control 
group, even if LGG bacteria were not detected in infant feces. Based 
on our findings, we propose that maternal LGG administration might 
influence the microbiota transfer to the infant through the placenta and 
breast milk. We plan to further investigate the mechanisms of action of 
LGG administration on the risk for allergy development and eczema 
more specifically. 

Clinical Trial Registration
UMIN-CTR Clinical Trial Registry (UMIN 000017255)
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Figure 6: Relationship between the presence of eczema and LGG 
administration; Logistic regression analysis indicated that the prevalence rate 
of eczema at 1 year of age was significantly lower after administering LGG to 
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