
153Intestinal Microbiota and Infantile ColicPuntillo M., et al.
UPDATES AND ADVANCES IN RESEARCH

Author for correspondence: gvinde@fiq.unl.edu.ar, Vinderola G.

Received:12/22/22   Accepted: 08/14/23    Online 09/29/2023

DOI: http://doi.org/10.51987/revhospitalbaires.v43i3.301

Ho to cite: Puntillo  M,  Mehaudy  R,  Vinderola  G.  Gut Microbiota and Infant Colic: is there a Place for Prebiotics, Probiotics, and Postbiotics? 
Rev. Hosp. Ital. B. Aires. 2023;43(3):153-159.

http://ojs.hospitalitaliano.org.ar/ ISSN (Online) 2314-3312

Gut Microbiota and Infant Colic: is there a Place for Prebiotics, 
Probiotics, and Postbiotics?
Melisa Puntillo1, Romina Mehaudy2 and Gabriel Vinderola1,      

1. Instituto de Lactología Industrial (INLAIN, CONICET-UNL), Facultad de Ingeniería Química, Universidad Nacional del Litoral. Santa Fe, 
Argentina
2. Servicio de Gastroenterología-Hepatología Pediátrico, Hospital Italiano de Buenos Aires. Buenos Aires, Argentina

ABSTRACT 
The consumption of probiotics, prebiotics, and postbiotics, or a combination of them, can contribute 
to maintaining a healthy intestinal microbiota as it allows the regulation of its dysbiosis in the case of 
some diseases or disorders, mainly in functional gastrointestinal disorders (FGIDs). The gut microbiome 
is an essential player in the pathophysiology of FGIDs through its metabolic and nutritional functions, 
the maintenance of intestinal mucosal integrity, and the regulation of the immune response. Research 
results thus far indicate that probiotics, prebiotics, and postbiotics may have direct and clinically relevant 
immunomodulatory effects. There is evidence regarding the prescription of this family of biotics in 
healthy individuals to improve overall health and alleviate symptoms in many conditions like infantile 
colic.
The colonization and microbiota establishment begins at birth; the first 2-3 years of life are critical 
for developing an abundant and diverse microbial community. Several scientific studies performed by 
traditional culture-dependent techniques and more recently by molecular techniques have observed 
differences in the bacterial populations of healthy infants and those suffering from FGIDs, the latter 
characterized by an increase in pathogenic species and a lower population of bifidobacteria and 
lactobacilli, compared to the former. In this context, the intestinal microbiota plays a leading role in 
the onset of these disorders, including infantile colic, through its metabolic and nutritional functions, 
maintenance of the integrity of the intestinal mucosa, and regulation of the immune response. That 
has opened the door to the study of prebiotics, probiotics, and postbiotics usage in the treatment and 
or prevention of infantile FGIDs. Vaginal and term delivery and breastfeeding are fundamental in the 
constitution of a healthy microbiota. As supportive tools, there are efficacy studies that support the 
administration of this family of biotics, mainly in cases where lactation is not possible or is limited. 
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INTRODUCTION
The intestine: the anatomical site with the most 
abundance and diversity of microorganisms and 
immunological cells

The first 1000 days of life is a pediatric concept that 
implies the period considered between fertilization and 
the baby’s first two years, a fundamental stage in which a 
window of opportunity opens for proper gestation, birth, 
colonization of the child’s body, training of the immune 
system, development of oral tolerance and the baby’s 
cognitive and behavioral process. Everything happening 
in this period is crucial and decisive for the individual’s 
health well beyond childhood and adolescence1. Hence, 
the importance of the activity of the gastrointestinal tract 
at the first contact with an antigen. Thus, as intestinal ma-
turation proceeds, there are changes in its permeability 
that prevent the entry of the corresponding antigens. 
The physiology of humans depends strongly on a set 
of microorganisms called microbiota, which includes 
bacteria, yeasts, fungi, viruses, archaea, and protozoa. 
These microorganisms are present on the external surface 
(skin) and the mucous membranes, such as the intestine 
and vagina. The intestinal flora, today called intestinal 
microbiota, is the most studied and concentrates the 
most diversity and abundance of microbial species. It is 
appropriate to indicate that the term “microbiome” refers 
to the collection of genes present in the microorganisms 
of the microbiota and their activity, to the way in which 
they act among themselves and with the environment.

The colon is said to be a meeting place of two worlds: 
a world of microbes (the gut microbiota) and a world of 
immunological cells because over 70% of all human im-
munological cells live in the intestine, and their differen-
tiation and training depend on the intestinal microbiota. 
The human microbiota is considered a “diffuse organ” 
that is acquired at birth and is inherited from the mother 
(depending on the type of birth and breastfeeding), and 
also depends on other factors such as the family envi-
ronment, the environment (including pets present in the 
home) and the type of complementary feeding1 . The 
microbiota is established and microbiologically mature 
in the first 2-3 years of life after birth, although there 
are reports of the presence of microbial material (non-
viable cells, cell walls, DNA) in the placenta, amniotic 
fluid, fetal membranes, and fetal gastrointestinal tract 
in healthy, normal pregnancies2. The primary maternal 
microbial contribution to the infant’s intestinal coloniza-
tion happens through its passage along the vaginal canal 
at birth; therefore, breast milk is the greatest and best 
source of microorganisms for the conformation of the 
baby’s microbiota3. Due to its composition of nutrients, 
microorganisms, and oligosaccharides (formerly known 
as bifidogenic factors), breast milk is the best available 

food for the formation of the intestinal microbiota and 
the immunological maturation of the intestine4. Cesarean 
delivery and the use of antibiotics are associated with a 
higher prevalence, throughout childhood, of asthma, 
juvenile arthritis, inflammatory bowel diseases, immune 
deficiencies, overweight, obesity, allergies, eczema, and 
enteric and respiratory infections, among others5. The 
mechanisms that would explain these inflammatory and 
immunological disorders have to do with colonization of 
the intestine by proinflammatory microorganisms such 
as Enterococcus faecalis, Clostridium difficile, Campylo-
bacter, Methanobrevibacter smithii instead of Lactoba-
cillus, Bifidobacterium or Faecalibacterium prausnitzii1. 
Notably, Bifidobacterium is the dominant genus in the 
intestine of the healthy infant during the first year of life, 
so although the intestinal microbiota of infants born by 
vaginal delivery or cesarean section is similar after the 
first year of life, the dynamics of colonization by Bifido-
bacterium is different in the first months after delivery, 
since intestinal colonization by this genus is slower in 
those born by cesarean section6. This difference deter-
mines the development of the immune system; thus, 
cesarean delivery will have a lifelong impact on the risk 
of developing an immune disease7.

In a study conducted in China, the longitudinal deve-
lopment, from day 1 to 6 months of life, of infants born 
by vaginal birth (VB) or cesarean section (CS), fed exclu-
sively with breast milk (BF) or standard infant formula 
(IF) without prebiotics, was observed. The researchers 
identified three microbial clusters, dominated by Escheri-
chia/Shigella-Streptococcus (cluster 1), Bifidobacterium-
Escherichia/Shigella (cluster 2), and Bifidobacterium 
(cluster 3). The infants in the PV-LM group showed cluster 
3 as predominant by six months of age. Breastfeeding 
managed to reverse slightly the dysbiosis induced by CP, 
with no cluster 1 microorganisms observed in this group. 
In the case of infants fed with IF, regardless of the type of 
delivery, significant proportions of cluster 3 bifidobacteria 
were also observed, but in a lower proportion than those 
in the PV-LM group8.

In the first year of life, under ideal conditions, the 
brain increases an average of 1 gram per day while the 
microbiota settles in and begins to diversify at the time 
of introducing complementary feeding, recommended 
from 6 months of life, a period until which exclusive 
breastfeeding is advised, and that complementary fee-
ding be sustained simultaneously until at least two years 
of age. During the first year of life, the installation and 
evolution of the microbiota, the maturation of the intes-
tinal immune system, and brain development, with what 
this implies for the cognitive process, are three events 
that develop in parallel and are intimately interrelated 
through the so-called microbiota-intestine-brain axis. 
In this context, early administration of antibiotics can 
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cause the definitive elimination of some species of the 
genus Bifidobacterium9,10, the most important microbial 
genus in the first year of life, responsible for guiding the 
immune maturation process11. A recent study associated 
the administration of antibiotics in the first two years 
of life with a higher incidence of food allergies, atopic 
dermatitis, diabetes, overweight, obesity, and celiac di-
sease, among other chronic diseases and developmental 
disorders, up to the age of 1412.

Functional gastrointestinal disorders with a focus on 
infantile colic

Pediatric functional gastrointestinal disorders (FGIDs) 
comprise a set of chronic or recurrent gastrointestinal 
symptoms not explained by structural or biochemical 
abnormalities, with severe consequences on the child’s 
and family’s quality of life. Such patients are identified 
by whether they belong to some of the symptomatic 
subgroups, which primarily rely on consensus opinions, 
called Rome Criteria. In 2016, the latest revision of these 
criteria, IV for adults and III for pediatrics, which diagnose 
FGIDs, was published13. Severity depends on the intensity 
of intestinal symptoms and other factors: association of 
gastrointestinal and extraintestinal symptomatology, 
degree of involvement, forms of perception, and beha-
vior14. Children and adolescents fall into three categories 
or symptom groups: FGIDs associated with defecation, 
abdominal pain with vomiting, and aerophagia. The 2016 
revision of the Rome IV Criteria15,16 attempts to incorpo-
rate all the evidence available in the last ten years, such 
as abnormalities in mucosal immune function and the 
characteristics of the intestinal microbiota.

These new criteria are called “disorders of brain-gut 
interaction” and consider multifactorial aspects of the 
problem (clinical and psychosocial). Of course, the “proof 
of concept” about the role of the microbiota in FGIDs is 
still not definitively confirmed. However, the phrase “no 
evidence of organic disease” in the Rome III criteria has 
been replaced by “after appropriate medical evaluation, 
the symptoms no longer can be attributed to another 
medical condition.” That gives room to consider new 
causalities. The overall prevalence of FGIDs in pediatrics 
is 20-40%, according to Rome III criteria sources in 2016: 
10-20% for defecation disorders, 10-20% for abdominal 
pain-related disorders, and 0.5-4% in vomiting and 
aerophagia-related disorders17.

The main FGID in infants is infantile colic, a group of 
behaviors characterized by prolonged crying, present in 
up to 25% of infants at six weeks of age18 and associated 
with an increased risk of recurrent abdominal pain and 
subsequent allergic disorders in childhood. One study 
evaluated the relationship between infantile colic and 
gastrointestinal, allergic, and psychological disorders in 
populations of 10-year-old children after severe colic19. 

We observed an association between  infantile colic and 
recurrent abdominal pain (p = 0.001) and allergic disor-
ders (p < 0.05) such as allergic rhinitis, conjunctivitis, 
asthmatic bronchitis, pollinosis, atopic eczema, and food 
allergy, ten years after the colic episodes. Likewise, sleep 
disorders, restlessness, aggressiveness, and feelings of 
supremacy were more frequent (p < 0.05) in children who 
suffered colic during early childhood. Thus, susceptibility 
to recurrent abdominal pain and allergic and psychologi-
cal disorders in childhood can be increased by infant colic. 
In this context, severe infantile colic could be the early 
expression of some of the most common disorders later 
in childhood20. The underlying mechanisms of infantile 
colic are unclear due, in part, to the lack of animal models 
that allow reproducibility of the results.

Multiple pathophysiologies, including alterations of 
the intestinal microbiome, have been proposed as a cause 
of abdominal pain. 

Savino et al. early studies with traditional culture-
dependent microbiological techniques found that colicky 
infants were more often colonized by proinflammatory 
gram-negative anaerobic bacteria and less often by lacto-
bacilli when compared to non-colicky infants 21,22. 

Several subsequent molecular studies confirmed 
the enrichment of proinflammatory and gas-producing 
microbial species, such as those of the phylum Proteo-
bacteria within the stools of colicky infants23-25. Often 
recommended interventions, such as Ethicon and ma-
ternal dietary manipulation, produced mixed results26. 
A recent systematic review with meta-analyses on TGIF 
and microbiota found alterations in microbial diversity, 
stability, and colonization patterns in colicky infants com-
pared to healthy controls. Likewise, several studies found 
an increase in pathogenic species of the Proteobacteria 
phylum and, at the same time, a decrease in beneficial 
bacteria such as lactobacilli and bifidobacteria27.

Prebiotics, synbiotics and postbiotics: definitions
The concept of prebiotics appeared in 1995 when 

Glenn Gibson and Marcel Roberfroid introduced the 
concept in a publication that was a true paradigm shift28. 
At that time, the so-called “gut flora” was already regarded 
as potentially playing an active role in the host’s health, 
and there was interest in manipulating their composition 
towards a positively healthier microbial community. 
In their work, they sought to promote bacterial genera 
such as Bifidobacterium, which the scientists perceived 
as having health-promoting properties. Bifidobacteria 
are among the dominant bacterial populations in the 
gastrointestinal tract of humans, and their health bene-
fits result from a complex dynamic interaction between 
them, with other members of the intestinal microbiota, 
and with the host29. These bacteria were first isolated 
in the early 20th century by Henry Tissier from the 
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fecal matter of healthy infants30. In this context, these 
researchers defined prebiotics as non-digestible food 
ingredients that beneficially affect the host by selectively 
stimulating the growth and or activity of one or a limited 
number of bacterial species already residing in the colon. 
The intake of prebiotics can significantly modulate the 
colonic microbiota by increasing the number of specific 
bacteria and thus changing its composition. The non-di-
gestible oligosaccharides, such as fructooligosaccharides 
(FOS), galactooligosaccharides (GOS), inulin, and others, 
are examples of prebiotics with proven beneficial effects31.

Thus, supplementation with prebiotics can change the 
composition and metabolism of the intestinal microbiota, 
for example, through the promotion of bifidobacteria, 
something that several studies have correlated with a 
higher ratio between Lactobacillus Bifidobacterium 
and Enterobacteriaceae, and a modulated production 
of short-chain fatty acids. It is worth noting that breast 
milk contains more than 200 oligosaccharides (HMOs), 
the first to which the baby has exposure through breast-
feeding, which impacts intestinal colonization, intestinal 
barrier function, and immunomodulation, among others. 
HMOs comprise five monomers (glucose, galactose, 
N-acetylglucosamine, fucose, or sialic acid) linked by 
different bonds, which give them great structural diversity 
29,32. Many resist infant digestion and pass to the large 
intestine, where the intestinal bacteria can use them.

Prebiotics such as GOS/FOS stimulate the growth of 
endogenous bifidobacteria33 and those administered as 
probiotics together with prebiotics34. Bifidobacteria thus 
become predominant microorganisms in human feces 
and drive the maturation process of the immune system11. 
In addition, these prebiotics modulate lipid metabolism, 
most likely through fermentation products. In 2017, in 
the context of exponential growth of knowledge about 
the microbiota thanks to genetic tools such as massive 
sequencing of microbial DNA (metagenomics), knowing 
already that lactobacilli and bifidobacteria are not the only 
beneficial microorganisms naturally resident in the gut 
and that other microbiotas can be modified by specific 
prebiotics (such as those of the vagina or skin), a consensus 
paper was published, under the authorship led again by 
Prof. Glenn Gibson, now as a member of ISAPP (Interna-
tional Scientific Association for Probiotics and Prebiotics). 
This Consensus expanded the concept of prebiotics, 
which we now define as “substrates selectively utilized 
by host microorganisms that confer a health benefit”31.

This definition expanded to include non-carbo-
hydrate substances (such as phenolic compounds and 
phytochemicals), applications to body sites other than 
the gastrointestinal tract, and numerous food categories. 
It also retained the requirement for selective microbiota-
mediated pathways and beneficial health effects subs-
tantiated by published efficacy studies. This consensus 

statement aims to generate an appropriate use of the term 
“prebiotic”, so there is consistency and clarity in scientific 
publications, marketing of these products, regulatory 
regulation, and communication to consumers and health 
professionals. In 2020, ISAPP proposed a consensus de-
finition of “synbiotics”,stating that it is a mixture of live 
microorganisms and substrates selectively utilized by 
host microorganisms, which exert a beneficial effect when 
administered in adequate amounts 35. A first observation 
is the denomination of “synbiotic” (instead of symbiotic), 
a neologism that seeks to represent the true meaning of 
the term, since a prebiotic and a probiotic, administered 
together, can exert their beneficial effects independently 
without necessarily establishing a symbiosis as the eco-
logical concept assumes.  

In this sense, ISAPP recognizes that there can be com-
plementary synbiotics, which would be a probiotic and a 
prebiotic administered together, and synergistic synbio-
tics, involving the administration of a live microorganism 
and a non-digestible substrate (meaning they do not have 
individual studies that make it possible to classify them 
as probiotic and prebiotic). 

Finally, and to complete this family of biotics, a new 
definition of postbiotics36 was proposed as an alternative 
to the 2013 definition37 due to the limitations it presen-
ted36. Although this terminology is relatively new, it 
refers to a phenomenon widely recognized in the field 
of probiotics and functional foods, which is the fact that 
some microorganisms, even in their non-viable or in-
activated forms, and together with their cell fragments, 
metabolites, or fermentation products, are also capable 
of exerting some beneficial effects. The term postbiotic 
is divergent in the sense that - in the scientific literatu-
re - it has also been approached with numerous terms, 
such as heat-killed probiotics, thyndallized probiotics, 
ghost biotics, and paraprobiotics. This diversity of terms 
to refer to the same phenomenon is an obstacle when it 
comes to locating and grouping scientific papers for sys-
tematic reviews and meta-analyses to demonstrate their 
effectiveness, so ISAPP decided to create a new panel of 
specialists to discuss and propose a consensus definition 
of postbiotics. This panel suggested that a postbiotic is “a 
preparation of inanimate (non-viable) microorganisms 
and/or their components, that confers a health benefit 
to the host “38. These may include different components, 
such as metabolites, short-chain fatty acids, microbial cell 
fractions, functional proteins, exopolysaccharides, cell 
lysates, teichoic acid, peptidoglycan-derived neuropep-
tides, and or pili-like structures. It is relevant to note that 
the presence, in the product, of non-viable cells of the 
strain(s) in question is necessary to meet the definition.

For example, a pure inactivated microbial culture 
or an inactivated fermented product would qualify as a 
postbiotic if it has beneficial effects demonstrated by at 
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least one clinical study, while a cell-free supernatant, va-
ccines, or phages for phage therapy are outside the scope 
of this concept. No regulatory body has yet adopted the 
term postbiotic; however, there are already products on 
the market, such as infant formulas, that incorporate pre-
biotics and postbiotics40 or products based on inactivated 
lactobacilli for the management of infantile diarrhea41 
or stress42, indicating once again that regulatory aspects 
are generally behind technological developments and 
the frontier of science. It should be noted that postbio-
tics, being inactivated microorganisms or their cellular 
fractions, are incapable of reproducing and eventually 
generating infections in immunosuppressed populations 
or in which the intestinal barrier is not adequately stren-
gthened, so they would offer possibilities for nutritional 
intervention in cases where intestinal translocation or 
worsening of local inflammation continues to be a con-
cern43.  Likewise, since they are products with non-viable 
microorganisms, they could have a longer shelf life, do 
not require a cold chain for logistics, and thus reach 
geographical regions that have difficulties in ensuring the 
cold chain necessary for the distribution and adequate 
storage of the products.

Potential of probiotics, prebiotics, and postbiotics for 
the nutritional approach to infant colic

Regarding the use of probiotics for the treatment of 
infant colic, efficacy studies reviewed by meta-analysis su-
ggest their effectiveness, although their implementation 
needs to be decided by the particular strain44. L. reuteri 
DSM 17938 has several clinical efficiency studies, which 
have been compiled and analyzed in systematic investi-
gations with meta-analyses45 that support and promote 
its use in the context of infantile colic45.  Some studies 
have also demonstrated the efficacy of other strains of 
lactobacilli, such as L. rhamnosus GG46,47.

On the other hand, some prebiotics, such as the 
GOS:FOS mixture in a 9:1 ratio, have also shown a benefi-
cial effect on the modulation of the intestinal microbiota, 
softening the stool and reducing colic symptoms 48-50. 
The combination of prebiotics and postbiotics from a 
fermentative process, followed by thermal inactivation 
by spray drying of the strains used for fermentation, 
also demonstrated efficacy in the treatment of infant 
colic50,51. These probiotics, prebiotics, and postbiotics are 
marketed as ready-to-drink liquid food supplements (in 
drops), as powders for reconstitution, or also included in 
infant formulas. 

In any case, the best nutritional choice for the pre-
vention and or treatment of infant colic remains breast 
milk52.

CONCLUSION

The combination of several factors such as term and 
vaginal delivery, exclusive breastfeeding until six months 
of age and sustained until two years of age, the interac-
tion with the environment, and the non-use (as far as 
possible) of antibiotics and antacids during the first two 
years of life, allow the development and evolution of an 
ideal microbiota, dominated first by bifidobacteria, which 
then diversifies towards two years of age. All this enables 
immunological training and the development of oral 
tolerance, with significant beneficial effects at a cognitive 
and behavioral level, through the microbiota-gut-brain 
axis, and thus the prevention of GIFT and chronic non-
communicable diseases.

On the other hand, beyond treatment of symptoms, 
dysbiosis regulation in FGIDs (mainly infant colic) 
through the use of probiotics, prebiotics, and postbiotics 
is a promising and scientifically supported therapeutic 
possibility. It is now clear that the gut microbiome is a 
central player in the pathophysiology of FGIDs through 
its effects on host physiological processes, although the 
precise mechanisms underlying microbial regulation 
are poorly elucidated and remain a very active area of 
research. The presentation of mild gastrointestinal symp-
toms and functional etiology is very usual in infants, and 
the best nutritional recommendation remains human 
milk. Even so, when breastfeeding is not possible for 
any reason, food supplements or infant formulas with 
probiotics, prebiotics, or postbiotics present scientific 
evidence to consider their implementation.
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