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Abstract
The gut is a dynamic environment and varies depending on 
the type of microorganisms it is exposed to. Both mode of 
delivery and maternal nutrition have an effect on infant gut 
colonization. An attempt was made to understand the effect 
of gut microbiota on immunologic response in infants. An 
online search was carried out for studies that analyzed the gut 
microbiota in infants born through vaginal delivery (VD) and 
cesarean delivery (CD) and studies that analyzed the effect 
of maternal probiotic supplementation during pregnancy on 
infant outcomes. The results showed that infants born through 
VD had more and varied bacterial taxa compared with infants 
born through CD. The results also showed that probiotic-sup-
plemented mothers had more chances of having a normal 
delivery and these infants had lesser likelihood of developing 
atopy and eczema.
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Introduction
The gut is a dynamic environment, where various 
species of microbiota thrive. These gut microbiota act 
as barriers against colonization by pathogens. Besides 
this, the gut microbiota are involved in regulating the 
metabolic functions through fermentation of nondi-
gestible fibers, salvaging of short-chain fatty acids that 
are energy rich, and production of vitamin K.1 The 
gut microbiota play an active role in determining the 
immune status of an individual.

Aim
To study the effect of mode of delivery on infant gut 
immunomodulation and the effect of maternal probiotic 
supplementation during pregnancy on infant outcomes

Origin of Intestinal 
Microbiota
At birth the infant gut is sterile, and colonization starts 
within a few hours after birth. Infants are primarily 
exposed to microorganisms from the mother and then 
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the surrounding environment (hospital and healthcare 
workers). Prematurity, mode of delivery, hygiene meas-
ures, and type of feeding also affect the infant gut flora. 
The mode of delivery plays a major role in the initial 
microbial colonization. Infants born through vaginal 
delivery (VD) are exposed to the maternal fecal flora, 
which depends on the type of maternal diet. These 
infants have higher levels of lactobacilli and bifido-
bacteria in their intestines, as compared with those 
born through cesarean delivery (CD). Grönlund et al2 
conducted a study, in which 64 healthy infants were 
analyzed prospectively, of whom 34 were born through 
VD and 30 were born through CD. The mothers who 
underwent CD had received prophylactic antibiotics 
before delivery. Fecal flora of infants was cultured 
starting from day 3 intermittently till 180 days of life. 
The results showed higher levels and earlier colonization 
by lactobacilli-like and bifidobacteria-like species in 
infants born through VD compared with infants born 
through CD (Figure 1).

the mothers’ skin community. While the Lactobacillus 
species were abundant in infants born through VD, 
Staphylococcus species were abundant in infants born 
through CD. 

Penders et al1 studied the fecal samples of 1176 infants 
before the age of 3 weeks. Infants born through CD 
had lower colonization of bifidobacteria and Bacillus 
fragilis group and higher colonization of Clostridium 
difficile and Escherichia coli, compared with the vagi-
nally delivered infants. The consumption of an organic 
diet by mothers during pregnancy was also found to be 
associated with lower numbers of E coli in the infant’s 
stool. 

Huurre et al,4 in Finland, studied fecal samples from 
165 infants, of which 85% were born through VD and 
15% through CD. The results showed lower level of 
bifidobacteria in infants born through CD. Researchers 
also observed higher level of total gut bacterial count 
when the infants were 1 month old.

Infant Gut Flora and 
Maternal Nutrition
The maternal health status and nutrition during preg-
nancy are postulated to have an effect on the mode of 
delivery as well as the infant gut microbiota. Maternal 
nutrition during pregnancy and lactation deter-
mines the condition of the in utero environment and 
the composition of breast milk, which has growth-
promoting and regulatory effects against infections and 
allergies.5 Probiotic administration during pregnancy 
has been shown to have beneficial effects on maternal 
nutrition during pregnancy and lactation. A prospective 
study was conducted by Luoto et al5 on 256 pregnant 
women who were given dietary counseling and then 
randomized to receive either of the probiotics, Lactoba-
cillus rhamnosus GG or Bifidobacterium lactis Bb12, or a 
placebo. The results showed that the probiotic-supple-
mented group had lesser chances of gestational diabetes 
mellitus along with normal pregnancy outcomes. 

In a study by Reid et al,6 it is reported that the occur-
rence of bacterial vaginosis is associated with an 

Figure 1. Bifidobacteria in Infant Gut in Vaginal and 
Cesarean Deliveries  
Data adapted from Grönlund et al (1999).2 

In another study by Dominguez-Bello et al,3 sampling 
was conducted in a hospital in Venezuela, in which 9 
women were included, 5 of whom underwent VD and 
4 underwent CD and were administered antenatal 
antibiotics. Extensive sampling of the maternal skin, 
oral mucosa, and vagina was done before delivery, and 
the infants’ skin, oral mucosa, and nasopharynx were 
sampled within 5 minutes of birth and at < 24 hours 
after birth. The results showed that the infants born 
through VD had bacterial communities similar in 
composition to the mother’s vaginal flora, while the 
infants born through CD had bacterial flora similar to 
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increased risk of preterm delivery. Probiotics, especially 
strains of lactobacilli administered orally and vagi-
nally can colonize the vagina and displace pathogens 
including E coli and Gardnerella vaginalis, and thus 
improve the pregnancy outcome.6 Probiotics have been 
found to be effective in preventing preterm labor by 
interfering with the inflammatory cascade that could 
be stimulated by other vaginal infective agents.7 

Another study by Prescott et al8 explored the effects 
of maternal probiotic supplementation on immune 
markers in cord blood and breast milk. Lactobacillus 
rhamnosus HN001 and Bifidobacterium lactis HN019 
and placebo were administered to women 2 to 5 weeks 
before delivery and continued for 6 months during 
lactation. The infants of mothers who had received a 
probiotic showed higher levels of cord blood and blood 
interferon-γ compared with the placebo group. 

Infants born through VD were found to have more 
bacterial taxa (79 species/species cluster) compared with 
infants born through CD (54 species/species cluster).9 
Infants born through CD had lower proportions of 
Bacteroides and Bifidobacterium compared with infants 
born through VD. Probiotic administration to women 
during pregnancy can modify the infant gut coloniza-
tion. In a prospective randomized study by Gueimonde 
et al,10 L rhamnosus GG was administered during late 
pregnancy and after delivery. Species-specific poly-
merase chain reaction was used to assess the fecal bifi-
dobacteria composition of the mother before and after 
delivery and of the infants on day 5 of birth and at 3 
weeks of age. The results showed predominance of Bifi-
dobacterium longum in the mothers. At 3 weeks, the 
infants in the probiotic group showed more Bifidobac-
terium species in comparison with the placebo group.

Perinatal Probiotics and 
Immunomodulation
Maternal microbiota serve as the first inoculum for an 
infant’s gut colonization. Thus, maternal consumption 
of specific probiotics may modify the intestinal micro-
biota composition and activity in the infant.5 Certain 

microorganisms work to improve the gut barrier func-
tion by regulating the inflammatory pathways, immu-
nomodulatory pathways, and energy harvest, all of 
which can protect from gestational diabetes mellitus, 
obesity, and allergic diseases. In cases where there is 
a family history of allergy and atopy, administering 
probiotics during pregnancy can benefit the infant by 
reducing the occurrence of atopy. 

In a double-blind, placebo-controlled study of 62 
mother–infant pairs conducted by Rautava et al,11 it 
was shown that administering probiotics to pregnant 
and lactating women increased the anti-inflammatory 
transforming growth factor (TGF)-β2 level in the milk 
(2885 pg/mL) as against the placebo (1340 pg/mL). The 
risk of developing atopic eczema during the first 2 years 
of life was lower in the infants whose mothers received 
probiotics as against those who received placebo (15% 
and 47%, respectively). In a meta-analysis conducted 
by Doege et al,12 children (age group of 2 to 7 years) 
whose mothers took probiotics versus mothers who 
were on placebo during pregnancy were compared. A 
significant effect was shown with lactobacilli admin-
istration during pregnancy, which decreased rates of 
atopic eczema in children. However, administration of 
a mixture of various bacterial strains showed no signifi-
cant association between the consumption of probiotics 
during pregnancy and lactation and the incidence of 
atopic eczema in children. 

In another study by Kukkonen et al,13 1223 pregnant 
women whose children were at a high risk of allergic 
disease were randomized to receive either probiotics 
or a placebo for 2 to 4 weeks before delivery. The same 
probiotic or placebo was administered to the infants for 
6 months and then they were evaluated at 2 years of 
age for allergic disease and IgE sensitization. Results 
showed no difference in the cumulative incidence of 
allergic disease but showed a reduction in the incidence 
of IgE-associated atopic disease, especially eczema (P = 
.035) and atopic eczema (P = .025) (Figure 2).
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Figure 2. Percentage Reduction in Allergic Disease 
After Probiotic and Placebo Administration 
Data adapted from Kukkonen et al (2007).13 

Conclusion
The infantile gut is sterile at birth and colonization 
begins a few hours after delivery. The mode of delivery 
plays a significant role in the initial colonization of the 
infantile gut. Infants born through VD have gut micro-
biota akin to the mothers’ vaginal microbiota, while 
those born through CD have gut microbiota similar to 
maternal skin flora. Hence, Lactobacillus-like and Bifi-
dobacteria-like species are commoner in those who are 
born through VD. 

Administration of probiotics during pregnancy is asso-
ciated with better maternal nutrition both during 
pregnancy and lactation, with lesser likelihood of devel-
oping gestational diabetes and with normal pregnancy 
outcomes. In families that have a strong history of atopy 
and allergy, maternal supplementation with probiotics 
during pregnancy benefits the infant by decreasing the 
occurrence of atopy and allergic diseases.
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