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ABSTRACT

The study’s objective was to determine the influence of vaginal birth compared to cesarean birth on the 
content of lactic acid bacteria with probiotic characteristics from newborns. Vaginal and cesarean sec-
tion meconium samples of lactic acid were evaluated, which were duly enriched, seeded and incubated. 
The resulting colonies were identified to be subjected to bile salt tolerance, acid pH, and fermentation. 
A greater development of meconium colonies was obtained in those born vaginally compared to those 
born by caesarean section (p <0.001). A total of 48 strains were isolated, the majority being tolerant to 
bile salts and acid pH; likewise, the fermentation of lactose in milk was positive. This study supports 
previous findings that support vaginal birth favors the greatest development of lactic acid bacteria with 
probiotic characteristics, compared to cesarean birth, and highlights the presence of bacteria of the genus 
Lactobacillus.
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INTRODUCTION

Lactic acid bacteria have beneficial effects in the prevention and treatment of disease, espe-
cially in infants and children. Research has shown the presence of this bacteria in meconium 
and in the umbilical cord blood of healthy neonates (1), and it has also been shown that even 
term fetuses are not microbiologically sterile (2). The type of delivery (vaginal or cesarean 
section), the type of feeding (breast milk or formula) and even the intimate contact between 
mother and child are factors that, to a large extent, influence on the content of the intestinal 
microbiota.

The genera belonging to the natural microbiota of the intestine are Lactobacillus and Bifido-
bacterium, which develop differently depending on the type of delivery. The presence of these 
bacteria has been reported in the meconium of 10-days-old newborns born vaginally; and in 
30-days-old newborns delivered by cesarean section (3). In addition, colonization by lactobacilli 
in vaginal births occurs in a higher proportion (59%), compared to those born by cesarean sec-
tion (4%). The latter are colonized more often by Clostridium difficile, bacteria that are normally 
found in the digestive system of people who are hospitalized or treated with antibiotics (4).
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Motivation for the study: Childbirth is considered the 
culmination of gestation. In Peru, since 2015, 34.5% of 
births occur by cesarean section, which may influence the 
content of intestinal microbiota, specifically lactic acid 
bacteria.

Main findings: Increased development of Lactobacillus 
bacteria was found in the Meconium from vaginal new-
borns compared to those born by cesarean section.

Implications: The type of delivery influences the content of 
lactic acid bacteria from the meconium of newborns, and it 
was found that vaginal delivery is more favorable for bacte-
ria development.

KEY MESSAGES
During a cesarean delivery, the transmission of bacteria 

from the mother to the newborn is interrupted, which norma-
lly occurs through the vaginal route. This leads to an increase 
in diseases, such as celiac disease (5), type 1 diabetes (6) and 
obesity (7). In Peru, the Ministry of Health reported that in 
2015, births by cesarean section reached 34.5% of total bir-
ths, and nine regions had above-average values, including 
Tumbes (49.8%), Tacna (47.2%) and Lima (42.8%).

Therefore, the objective of the present study was to de-
termine whether the type of birth, vaginal or by cesarean sec-
tion, influences the content of lactic acid bacteria with pro-
biotic potential, found in the meconium of human neonates.

THE STUDY

Sample collection
Analytical observational study. During four months, 60 
samples of meconium were randomly collected from human 
neonates from zero to three days old, from the National Insti-
tute of Perinatal Maternity (INMP) in Lima, 30 samples cor-
responding to vaginal deliveries and 30 to cesarean sections. 
Thirty samples were considered for each group of neonates, 
since the average number of births per day at the INMP is 60.

Bacteria isolation
For pre-fortification, 18 ml of Man-Rogosa-Sharp (MRS) 
broth (Germany, Merck) was added to 2 g of meconium in 
sterile bottles, which were incubated at 37 ºC for 24 hours 
(8) in a private clinical laboratory. The samples were then 
seeded in duplicate on MRS agar plates for lactic acid bac-
teria (Germany, Merck) adjusted to pH 5,5 and incubated 
at 37 °C for 24-48 hours in microaerobiosis. Afterwards, the 
samples were subjected to Gram staining, spore detection 
and catalase test for spore free Gram-positive bacilli; in addi-
tion, white and creamy colonies were counted considering 
the corresponding characteristics of color, size, shape and 
appearance (9). Subsequently, two colonies of non-sporu-
lated Gram-positive bacteria and negative catalase were 
selected (10), isolated on MRS and modified MRS agar and 
incubated at 37 °C for 24-48 hours in microaerobiosis. The 
isolated strains were then inoculated into MRS broth tubes 
and incubated at 37 °C for 24 hours, and then centrifuged 
at 8000 g for five minutes. Finally, the supernatant was re-
moved and 1 ml of MRS broth and 40% glycerol were ad-
ded for storage at –80 °C.

Bile salt tolerance
The test was conducted at the Microbiology and Biotechno-
logy Laboratory of the Faculty of Zootechnics of Universi-

dad Nacional Agraria La Molina (UNALM)). The test used 
0.5 ml of inoculum activated for 18 hours in MRS broth, 
which was then added to tubes containing 0.3% of bovine 
bile salts (New Zealand, Sigma) and 4.5 ml of MRS broth; 
which was incubated at 37 °C for 24 hours (11). The samples 
were read in a spectrophotometer at 600 nm (Genesys 10S 
UV-VIS model, Thermo Scientific), and the results, expres-
sed as optical density. In addition, the percentage of survival 
(R) was calculated by the ratio of the log CFU/ml of both. 
The sample with bile salts, and the sample without (12). 

Acid pH tolerance
0,5 ml of inoculum was added to tubes in aliquots of 4,5 
ml of MRS broth at pH 3,0 acidified with 6M HCl (11). The-
se samples were activated for 18 hours in MRS broth and 
incubated at 37 °C for 24 hours to measure resistance by 
optical density at 600 nm (Genesys 10S UV-VIS model, 
Thermo Cientific), to finally calculate R with respect to the 
reference (12).

Milk lactose fermentation test
The test consisted in inoculating 3% of the strains into 20 ml 
of pasteurized milk (3/100v) which was incubated at 37 °C 
for 18 hours, to finally measure the final pH (12). This test was 
carried out in the Microbial Ecology and Biotechnology La-
boratory of the Faculty of Sciences at UNALM.

Statistical analysis
The data recorded to determine the presence of lactic acid 
bacteria in the meconium of vaginal and caesarean section 
newborns were analyzed twice. The Kolmogorov-Smirnov 
test was used to assess normality. To evaluate the differen-
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ces in colony averages according to the type of delivery, the 
Mann Whitney U test was used through the SPSS  20 pro-
gram. To analyze the acid pH and bile salt resistance tests, 
the Student’s t-test was used in R-3.4.0.

Ethical considerations
The study was approved by the INMP Research Ethics Com-
mittee. The purpose of the research was explained to the 
mothers of the infants, who gave their consent to take the 
samples.

RESULTS

Sample collection
Meconium samples from those born by cesarean secti-
on were greenish-yellow, while meconium samples from 
those born vaginally were greenish-black (Figure 1). Du-
ring the recollection of meconium, there were differences 
in the samples from two infants born by cesarean section, 
which corresponded to 3-days-old infants; the remaining 
samples corresponded to 1-day-old infants. Likewise, 28 of 
the neonates born by cesarean section were fed with artifi-
cial formula and two of them with maternal milk from the 
third day of life; while those born vaginally were exclusively 
breastfed.

Isolation of bacteria
In the pre-enrichment stage, two meconium samples from 
newborns by cesarean section formed gases that released 
unpleasant odors, said samples were then planted in Mac-
Conkey agar. After incubation, the presence of colonies of 
enterobacteria was confirmed.

In the plate growth test, 28 of 30 meconium samples 
from vaginal newborns showed growth of colonies of lac-
tic acid bacteria (93.3%) compared to two of 30 meconium 
samples from those born by caesarean section (6.7%) (Figu-
re 2). Likewise, the average number of colonies was higher 
in the meconium of those born vaginally (p<0.001) (Table 
1). These colonies were observed under the microscope, and 
long thin bacilli and short bacilli were found, which corres-
pond to characteristics of lactic acid bacteria (9). A total of 
48 colonies were isolated and planted in modified MRS agar, 
and a better differentiation of the colonies according to size, 
color and border was observed (Figure 3).

Tolerance to bile salts and acid pH
Forty-eight strains of lactic acid bacteria were isolated and 
subjected to a tolerance of >30% survival for 24 hours at an 
acidic pH of 3.0, and >20% survival at 0.3% bile salt concen-
tration. A total of 33 (68.7%) surviving strains were obtained 
with greater resistance to acid than to bile salts, measured by 
absorbance.

Figure 1. Meconium in neonates had a greenish-yellow colora-
tion due to formula feeding in those born by cesarean section 
(left) and had a greenish color in breastfed neonates born vagi-
nally (right). 

Figure 2. Growth of colonies on MRS agar. A) There is evidence 
of increased growth of acidic bacteria from vaginal newborns. B) 
Compared to those born by cesarean section.

A

B
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Milk fermentation test
All the isolated strains fermented the lactose in the milk, ob-
taining an average pH of 3.95±0.22 (3.71≤ pH ≥ 4.71).

DISCUSSION

It was shown that meconium from vaginal newborns had a hi-
gher presence of lactic acid bacteria than meconium from ce-
sarean newborns, and little presence of anaerobic organisms.

The growth of acid-forming bacteria in samples of meco-
nium from vaginal newborns is related to the largest quantity 
of lactobacilli in a woman’s vagina, which, during childbirth, 
is transmitted to and colonizes the mucous membrane of the 
digestive, respiratory, urogenital and skin tracts of the new-
born (13). Intestinal colonization occurs especially by the genus 
Lactobacillus, which contributes to the formation of micro-
biota in neonates (14-15). Therefore, we consider that the increa-
sed growth of lactic acid bacteria in the meconium of vaginal 
newborns was due to the passing through the birth canal and 
the exclusive breastfeeding they received.

In contrast, meconium in newborns born by cesarean sec-
tion showed a greater presence of enterobacteria, which would 
be directly related to the presence of the genera Clostridium, 
Staphylococcus, Propiobacterium and Corynebacterium in 
the digestive tract of these newborns (14-15). In addition, recent 
research indicates that those born by cesarean section would 
lack intestinal colonization, or that this would occur late, even 
up to one year of age (16). Therefore, the low growth of lactic 
acid bacteria in the meconium of newborns born by caesare-
an section (6.7%) would be related to the low consumption of 
breast milk on the third day of life, since the presence of lactic 
acid bacteria (Lactobacillus, Staphylococcus, Streptococcus and 
Bifidobacterium) has been reported in breast milk, which is 
transmitted to the newborn when it is breastfed (17).

The greenish-yellow color and the characteristic strong 
smell of feces from cesarean section newborns, presumably 
from formula feeding, is different from that observed in vaginal 
infants who were fed primarily breast milk (13).

The characteristics described of the counted and selected 
white colonies in solid medium correspond to the description of 

Figure 3. Isolation of colonies on MRS agar from the meconium of vaginal newborns.
A) MRS agar modified with blue bromophenol to differentiate colonies of lactic acid bacteria. B) Agar without growth modified MRS. 
C) Modified MRS agar with isolated colonies of round shape characteristic of lactic acid bacteria 

Table 1.  Count of lactic acid bacteria developed on MRS agar and acid pH resistance test, in vaginal newborns and by cesarean section

a Minimum - maximum; b Mann Whitney U-test; c Student’s t-test
IQR: interquartile range; SD: standard deviation; LAB: lactic acid bacteria, CFU: colony forming units

Vaginal route Cesarean section
p Value 

Value Range a Value Range a

LAB colony count (CFU/g),
 median (IQR) 0.78 x 106 (0.6 x 106) 0.0 a 2.14 x 106 8 x103 (4x103) 0.0 a 22.7 x 103 <0.001 b

Resistance to acid pH, medium (SD) 3.95 (0.18) 3.71 a 4.71 3.92 (0,07) 3.82 a 4.08 0.0001c

A B C
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