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Abstract 

Introduction: Although infantile colic is relatively frequent, its pathophysiology is not yet 

understood. The aim of this paper is to provide a better understanding of the link between 

infantile colic and the gastro-intestinal microbiome. 

Areas covered: The gastro-intestinal microbiome may already start to develop in the womb 

and grows exponentially immediately after birth. Factors influencing the microbiome can 

cause dysbiosis and  precipitate symptoms of  colic through several mechanisms such as 

increased gas-production and low grade gut inflammation. Other possible factors are 

immaturity of the enterohepatic bile acid cycle and administration of antibiotics and other 

medications during the perinatal period. An effective treatment for all colicky infants has yet 

to be discovered, but the probiotic Lactobacillus reuteri DSM17938 was shown to be 

effective in breastfed infants with colic. The scientific databases “Pubmed” and “Google 

scholar” were searched from inception until 02/2020. Relevant articles were selected based on 

the abstract. 

Expert Opinion: Recent literature confirmed that the composition of the gastro-intestinal 

microbiome is associated with the development of infantile colic. It can be speculated that  

full sequencing and bioinformatics analysis to identify the microbiome down to the species 

level may provide answers to the etiology and  management of infantile colic.  

Keywords 
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Article Highlights 

• Infantile colic is a functional gastro-intestinal disorder. Although functional disorders 

are classically discussed separately, in clinical practice most infants present with a 

combination of different functional disorders.  

• Infantile colic is considered as a benign condition that occurs in 1 out of 5 infants and 

resolves spontaneously by the age of 5 months, although long term consequences have 

been highlighted.  

• The etiology of infant crying and distress is multifactorial. Crying and distress caused 

by  organic disease such as gastro-esophageal reflux disease and cow milk allergy 

should not be considered as colic.  

• Proton pump inhibitors are not effective in the management of infantile colic. 

• A specific probiotic strain, Lactobacillus reuteri DSM 17938, was shown to reduce 

colic in exclusively breastfed infants, strongly suggesting an association between the 

gastro-intestinal microbiome and colic.  

• Alterations in the gut microbiota can contribute to the colic symptoms through several 

mechanisms, such as increased gas-production and gut inflammation. 

• Full sequence and bioinformatics analysis to identify the microbiome present down to 

the species level may provide information to better understand the etiology and 

management of colic.  
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• More randomized controlled trials at the primary health care level, as well in 

prevention as in treatment, are needed before evidence based recommendations can be 

formulated.  

 

1. Introduction 

The term colic is a derivative from the Greek word “Kolikos” which means colon or intestine; 

this implies that the condition was already in ancient times believed to have its origin in the 

gastro-intestinal tract. This was also for a long time taken as a fact, even though there is still 

no clear understanding of the pathophysiology of infantile colic [1]. The joy of having a new 

member in the family can be disturbed by excessive and unexplained crying, which often is a 

great source of stress and worry for parents and other care-givers [2]. Infantile colic is 

considered a functional gastrointestinal disorder (FGID) occurring in approximately 20 % of 

all infants [3]. This group of disorders are characterized by a variable combination of often 

age-dependent, chronic or recurrent symptoms not explained by structural or biochemical 

abnormalities [3]. Typical symptoms of infantile colic are crying, fussing or irritability 

without any obvious cause. Those symptoms peak typically at the age of 6 weeks and then 

diminishes by 12 weeks [4]. The diagnosis is established when babies that are otherwise 

presumed healthy, cry in an inconsolable, excessive and persistent way [3]. Typical for 

infantile colic is a diurnal pattern, with a more elevated concentration of crying in the late 

afternoon and  the evening, and also a small rise early in the morning, as described by 

Brazelton [4]. More recently, Mai et al. showed that crying occurs throughout the day but 

peaks in the hours between 6 am to 12 pm and 6 pm to 12 am [5]. 

The amount of crying drops significantly, after nine weeks of age [6,7]. The mechanisms 

involved are still not fully understood [5]. Despite the fact that the term colic refers to the gut 
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involving gastro-intestinal microbiota, gut-inflammation and feeding as involved 

mechanisms, other factors such as  neurodevelopmental  and psychological influences also 

contribute to the condition [1]. 

Although considered a benign condition, some findings suggest long-term consequences of 

infantile colic [8,9]. Mainly differences in behaviour are described. Studies show that infants 

with a history of colic tend to be more negatively reactive but no long-term differences in 

temperament were found. [10-14] . also, more negative emotional behaviour were reported by 

mothers in their preschool aged children who formerly had colic [8,9].   

Important to note is that a very recent article was published were the taxonomy of the 

lactobacillus genus was evaluated based on whole genome sequencing. The genus 

Lactobacillus has been reclassified into 25 genera. Different bacteria that are of importance in 

this article have been renamed, such as the Lactobacillus reuteri that became 

Limosilactobacillus reuteri and Lactobacillus rhamnosus that became Lacticaseibacillus 

rhamnosus. For the good understanding of this paper, the ancient nomenclature for the 

concerning bacteria was conserved, as used in the cited articles [15]. 

 

The purpose of this article is to review the literature about the possible link between the 

gastro-intestinal microbiome and infantile colic, and the early-life factors that could cause 

alterations in the microbiome. Furthermore, management  involving the restauration of the gut 

microbiome will be discussed.  

 

2. Definition of infantile colic 

Several variations  on the definition of infant colic are reported in literature. The historic 

Wessel criteria, more commonly known as “the rule of 3’s” describes infant colic as excessive 
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crying for more than 3 hours per day, for at least 3 days per week, during more than 3 weeks 

in an otherwise healthy baby [16]. This definition was considered to be impractical, and 

difficult for caregivers to objectify and arbitrary [3,16]. Cultural differences in the amount of 

crying tolerated or considered as normal are observed, making the definition culturally 

dependent.  The new definition proposed in the ROME IV criteria for clinical purposes is:  

“an infant who is less than five months of age when symptoms start and stop; recurrent and 

prolonged periods of infant crying, fussing or irritability reported by care-givers that occur 

without any obvious cause and cannot be prevented or resolved by caregivers; no evidence of 

infant failure to thrive, fever or illness” [3,17].  For research purposes, a diagnosis requires 

two additional criteria (next to the five above cited criteria): “Care-giver reports infant has 

cried or fussed for three or more hours per day during three or more days in seven days in a 

telephone or face-to-face screening interview with a researcher or clinician and total 24-hour 

crying plus fussing in the selected group of infants is confirmed to be three hours or more 

when measured by at least one prospectively kept, 24-hour behavior diary.” “Fussing” refers 

to intermittent distressed vocalization and has been defined as “behavior that is not quite 

crying but not awake and content either” [3,17]. 

 

 

3. Gastro-intestinal microbiome and infantile colic 

The gastro-intestinal microbiome is of major importance for the general well-being and 

development of the immune system during early infancy. Metagenomic sequencing showed 

that  >99 % of the genes in the gut are of bacterial origin, the remainder being mostly archeal, 

with only 0.1% of eukaryotic and viral origins [18]. The majority of these commensals reside 

in the colon. It is estimated that up to 1013 bacteria live in the gut [18].  
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3.1 Microbial diversity 

The microbiome composition of infants with colic compared to a control group differs. 

Alterations in microbial diversity, stability and colonization patterns were described, 

suggesting that microbial imbalance might contribute to the expression of infantile colic 

[7,19-23]. The alpha diversity, which reflects the number of species in the microbiome in 

infants with colic develops slower than that of a control group of infants. A significantly 

reduced diversity was reported at 14 and 28 days of life, well before the peak of symptoms 

that is reached mostly  at 6 weeks of age [7,22]. 

 

An association between specific micro-organisms and excessive crying was reported [19-22]. 

Organisms of the proteobacteria phylum were more abundant in infants with colicky 

symptoms compared to control infants [19-21]. Within this phylum, Klebsiella and 

Escherichia were found to be more prevalent in the gut of newborns presenting with infantile 

colic [19-21]. De Weerth et al. observed this significant increase in proteobacteria already in 

early-life, two weeks after birth, and it persisted up to two months of age [19]. Moreover, the 

presence of the gram-negative bacterial species Serratia, Vibrio and Pseudomonas were 

increased in infants with colic compared to the control group [19]. Hence, there might be a 

link between the increase in these potential pathogens causing gut inflammation and the 

occurrence of increased intestinal pain, which could explain the excessive crying symptoms 

[20-23]. In one study, a significant correlation was found between the prevalence of one 

species of the Actinobacteria family, Bifidobacterium breve, and the increase in crying and 

fussiness [24]. 

 

Conversely, some bacteria were found to be associated with a decreased amount of crying. 

The phyla Bacteroidetes, Actinobacteria, and Firmicutes were largely represented in the 
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intestines of infants without colic [19,24,25]. When the gut is more colonized with the 

Bacteroidetes phylum, a decrease of crying and fussiness was noticed [5]. The opposite 

phenomenon was also observed: the amount of crying was higher when there was less 

colonization by the Bacteroidetes phylum [5,25]. 

Important to note is that, within the firmicutes phylum, a distinction can be made between 

different species. Lactobacillus brevis and Lactobacillus lactis were found only in colicky 

infants, as opposed to Lactobacillus acidophilus which was only found in asymptomatic 

infants [26]. In an earlier study, colonization with Clostridium difficile, also a member of the 

firmicutes phylum, was more frequent in infants with colic than in age-matched controls. This 

difference disappeared at the age of three months [27]. 

3.2 The gut-brain axis 

The intestinal microbiome has a crucial role in the interactions of the central nervous system 

and the gut, creating the ‘brain-gut axis’ [28].  The gut microbiota is influenced by several 

factors but on his turn, the gut microbiota communicates  several mechanisms. Evidence 

suggests that it communicates with the nervous system, possibly through neural, endocrine 

and immune pathways [28,29]. Furthermore, gut microbiota has been shown to regulate 

central neurotransmitters by altering levels of precursors and synthesizing neurotransmitters. 

These neurotransmitters are able to locally influence sensory signalling and possibly mediate 

viscerosensory processing in the brain [29].   Microbiota have also been shown to have an 

influence on the release of substances stimulating the brain through the vagal nerve, enabling 

a direct communication from the gut to the brain. The imbalance in microbiota can therefore 

cause alterations in neuronal function, namely pain sensation [29]. Infant colic correlates with 

changes in gut microbiota colonization during the first weeks of life. As a consequence the 

gut-brain-axis could play a part in the underlying mechanisms  [30]. 
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4 Gas production and infantile colic 

A possible explanation for the association of proteobacteria and colicky symptoms is the 

increase in intestinal gas production, due to fermentation of lactose or other carbohydrates and 

proteins by bacteria [20,21]. The microbiome of infants with colic contains significantly more 

gas-forming coliforms including the Enterobacteria than that of non-colicky infants [21] 

Expired breath hydrogen levels were significantly higher in a colicky than in a control group 

[30]. Also, the baseline hydrogen values were significantly higher in these infants [31]. This 

finding was confirmed in a more recent study: showing that half of the patients with colicky 

symptoms had elevated breath hydrogen levels, regardless of the type of feeding. However, it 

needs to be noted that in this study, one-fourth of control infants also had a high fasting 

expired breath hydrogen levels [20].  

 

The high breath hydrogen reflects an elevated gas production in the gut which in turn can 

cause cramps. This can explain the discomfort and crying in infants with colicky symptoms. 

In a study by Savino et al., there was a significant higher number of coliform colonies in 

colicky infants than in the control group. Also, Klebsiella pneumonia, Klebsiella oxytoca, and 

Enterococcus faecalis were present in higher numbers, although the difference was not 

statistically significant. In addition, a high gas-forming capability could be found in all strains 

of coliform bacteria, in both healthy and colicky infants [21].  

 

5 Gut inflammation in infant colic 

Calprotectin is a calcium and zinc binding protein, and comprises as much as 60% of the 

soluble protein content of the cytosol in human neutrophil granulocytes [32]. Its exact 

biological function is yet unknown, but it was shown to have bactericidal and fungicidal 
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properties [33]. It is also secreted by an unknown mechanism during inflammation [34]. Fecal 

calprotectin is used as a determinant for gut inflammation. Fecal calprotectin is known to be 

present in higher levels in the stools of newborns compared to healthy adults, and a downward 

trend is seen with increasing age [35]. However there is wide inter-individual variation. 

Levels of calprotectin in small infants vary in function of the mode of feeding. Several studies 

showed that calprotectin levels are higher in the stools of breastfed  than formula-fed  infants 

[36-38].  Rhoads et al. found in multivariable models after adjusting for infantile colic and 

feeding type, that an independent association could be demonstrated of infantile colic and 

calprotectin level, but  not with the type of feeding [39]. A possible explanation for the higher 

calprotectin level in breastfed infants  is that hormones, cytokines and other immuno-

stimulating and growth factors in human milk contribute to the development of the 

gastrointestinal immune system [36]. In addition, calprotectin is an antimicrobial peptide that  

is also present in breastmilk. However, the amount of calprotectin measured in breastmilk is 

too low to explain  the differences observed in the feces [39]. 

In one study, there was no correlation found between calprotectin levels and infantile colic. 

The calprotectin level was up to 7 times higher in children between the age of two to ten 

weeks than in children older than one year[40]. 

However, more recent studies reported opposite results, showing a correlation between fecal 

calprotectin and infantile colic. As the colicky symptoms resolved, a longitudinal decrease in 

calprotectin could be noticed [20,41-43]. Fecal calprotectin levels were up to two times higher 

in infants with colic than in the control group [20,39,42,43].  

These findings support the theory of chronic gut inflammation in infantile colic. More 

arguments for this theory could be found in the research of Partty et al., reporting higher 

circulating levels of interleukin-8, macrophage inhibitory factor-1-β, and monocyte 
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chemotactic peptide, pointing towards low-grade systemic inflammation in babies with colic 

[44]. 

Whether alterations of the gut microbiota is the cause or the consequence of gut inflammation 

in infantile colic, has yet to be established. Gut inflammation could cause changes in the 

intestinal environment, such as the pH, luminal nutrients and microbial metabolites, which 

could affect the microbiota. Inflammatory mediators released by the mucosa could also act on 

the intestinal microbiome [45]. On the other hand, it is also known that gram-negative 

bacteria can cause gut-inflammation. The lipopolysaccharide that is present on the outer-

membrane of those bacteria can stimulate the release of inflammatory cytokines which in turn 

can lead to an inflammatory response in the epithelial cells of the gut [46]. 

 

6 Microbiome and bile acids  

Bile acids have an important function in the intestinal tract and are part of the enterohepatic 

circulation. Bile salts are synthesized in the liver in two primary forms: cholic acid and 

chenodeoxycholic acid. They are then conjugated with amino acids glycine or taurine before 

being excreted in the intestinal tract via the biliary tract. In the gut they are transformed to 

secondary bile acids before being reabsorbed by the terminal ileum in order to be returned to 

the liver by the portal veins. There, the bile acids are conjugated once more to glycine or 

taurine and the cycle restarts [47,48]. 

Bile acids are known to have bacteriostatic effects, influence bacterial proliferation and mucus 

production, and promote mucosal bacterial function [49]. A clear link could be established 

between bile acids and the microbiome [50]. The distribution of bile acids can affect the 

dynamics of the bacteria in the gut trough several mechanisms. Reduced concentration may 

play a role in allowing pro-inflammatory taxa to expand [51]. Also, primary bile acids can 

enhance recovery of the microbiota after dysbiosis by sending signals to the gut bacteria 
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promoting germination of spores [52]. Additionally, some bacterial species, such as Bilophila 

Wadsworthia, seem to flourish in the presence of bile acids, more specifically taurine-

conjugated bile acids [53]. Evidence found in rat studies showed  that the hepatic synthesis of 

bile acids in the fetal stage is poorly developed, and gradually matures to reach adult levels 

post-natally by 4 weeks of age [54]. Also an immaturity of ileal absorption was found. This 

immaturity of hepatic bile acid synthesis, intraluminal levels, and ileal absorption of bile acids 

in the neonate result in malabsorption of fat, with potential  secondary effects on the colic 

microbiome [55]. 

Hence, it is clear that bile acids add to the shaping of the microbial landscape in the gut.   

 

The relation between bile acids and microbiome is bidirectional: as we discussed above, bile 

acids can influence the composition of the microbiome [49-52], but conversely, dysbiosis in 

the intestine can also influence the bile acids quantity and availability in the gut lumen. The 

gut microbiota has a function in the enterohepatic cycle. When the bile acids are secreted into 

the gut lumen, circa 5 to 10 % of the primary bile acids are transformed into secondary bile 

acids by two enzymatic reactions: taurine or glycine deconjugation, and hydroxysteroid 

dehydrogenation, forming secondary bile acids [47]. Dysbiosis could affect this step in the 

normal degradation and uptake in the intestines, resulting in a decreased amount of bile acids 

in the gut [55]. 

No literature was found that links clearly alterations to the bile acids composition by the gut 

microbiome to the symptomatology of infant colic. In adult studies, it was found that low 

concentrations of bile acids, combined with and higher concentration of long and short-chain 

fatty acids, can produce colonic contractions that can be perceived as painful [56,57]. Since 

dysbiosis can cause a decreased amount of bile acids in the, it can be hypothesized  that 

alterations in bile acids composition caused by the gut microbiota can be the cause of colic 
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cramps [55]. Also, immaturity of bile acids synthesis has an influence on the microbial 

composition in the gut, and these alterations of the microbiome can possibly contribute to the 

symptoms of infant colic. More research on this topic is needed. 

 

7 Prenatal factors, mode of delivery and infantile colic 

It was previously believed that the first colonization of the gastro-intestinal tract occurred 

during the delivery and that the fetal gut was sterile [58]. However, recent research contested 

this theory as micro-organisms were discovered in the amniotic fluid, placenta and umbilical 

cord, what suggests that the process of colonization and the forming of the microbiome is 

already initiated before the baby is born [59-61]. In multiple studies, microbial communities 

could be found in analyzes of infant first meconium, supporting this hypothesis [62-68]. Also, 

an association could be found between the microbial features of the amniotic fluid and the 

meconium. This supports the theory that amniotic fluid swallowed by the fetus during the last 

trimester of pregnancy influences meconial microbiota [65]. A correlation  

was also found between gestational age and microbial colonization showing that  preterm 

infants were less colonized [65]. 

As already established, the human gut microbiome is involved in several functions required 

for the health of the host. Thus, we can assume that the initial colonization of the gut that 

already starts in utero can have important implications on human health and disease risk [69]. 

Maternal factors can affect the gut microbiota development and composition which may cause 

dysbiosis, and indirectly increase the risk of several diseases in later life, i.e. asthma, allergic 

diseases and obesity [69,70].  

A recent study shows differences in the microbiome in the first-passed meconium of infants 

who developed infantile colic symptoms  compared to controls [71]. A lower relative 
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abundance of the Firmicutes phylum and the genus Lactobacillus was found in infants with 

subsequent colicky symptoms, suggesting that the association of infantile colic and the 

microbiome is already present at birth. More recent has to be conducted on this subject. 

Although exposure to micro-organisms already starts in the womb [59-61], the bacteria that 

contribute to the development of the gut microbiota are mainly acquired after birth [72]. The 

mode of delivery will affect the gut microbiota of the neonate: the gut microbiota of infants 

born by vaginal delivery differ from the infants born with caesarian section (c-section [73]. 

Colonization after vaginal birth shows similarities with the vaginal microbiome, whereas  

colonization after c-section is more characterized by bacteria that are found on the skin [72]. 

A study showed a 72% match between species found in maternal and infant intestines after 

vaginal delivery, compared to only 41% in infants born by c-section [74].  

Epidemiological research has suggested a link between birth by c-section and risk of several 

health issues in later life such as obesity, asthma, inflammatory bowel disease and arthritis 

[75,76]. No relationship between the mode of delivery and infant colic could be found in 

epidemiological studies [77]. 

The gut microbiota of the newborn can also be influenced before birth. Intrapartum use of 

prophylactic antibiotics by the mother has repercussions on the gut microbiome of the infant 

after birth [78,79]. Infants of mothers who received antibiotic prophylaxis during labour of a 

vaginal delivery, had a decreased gut microbiota richness at the age of three months [80]. 

Also differences in composition of the gut microbiome could be noticed. The relative 

abundance of the Bacteroides phylum was lower in infants of mothers that received antibiotics 

prenatally [78,79]. The median was 46% in infants of mothers who did not receive 

intrapartum prophylaxis, compared to only 24% with intrapartum antibiotics [78]. Similar 

results were reported at eight weeks of age [80,81]. Moreover, antibiotic prophylaxis in 
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delivery by c-section was associated with higher proportion of proteobacteria and firmicutes 

[79].  

One study compared the incidence of infant colic in infants of mothers that did and did not 

receive intrapartum antibiotic prophylaxis. Twenty-three percent of infants with colic were 

exposed to intrapartum antibiotics, whereas only 3% of infants without colic were exposed. 

This suggests that antibiotic exposure during pregnancy perturbs early gut microbiota 

composition, which can be a contributing factor in developing infantile colic [82]. 

8 Feeding and infantile colic 

Human breast milk is proven to contain human milk oligosaccharides as well as probiotic 

bacteria [83]. Its microbial composition varies inter-individually, but often contains 

Streptococcus, Staphylococcus, Propionibacterium, lactic acid bacteria and Bifidobacterium 

[84-86]. Differences in gut microbiota were reported I in breastfed compared to formula-fed 

infants. Differences could be found in specific taxa in the different studies. In general, 

bifidobacteria are more abundant in breastfed than formula-fed infants. Firmicutes and 

Bacteroides on the other hand appeared to be lower in number [79,86-88]. 

Despite these differences in gut microbiota, no differences in prevalence of colicky infants 

could be found between groups that are fed with human milk, exclusively or partially, 

compared to formula-fed infants [89-91]. One study, however, found a link between increased 

colicky symptoms and feeding, as formula fed infant had a higher incidence of colic [92]. We 

found no other studies that could reproduce these findings. 

We can conclude that even though a different feeding has implications on the human gut 

microbiome, these differences are not reported to influence the risk to develop infantile colic. 
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9 Antibiotics during the neonatal period and infantile colic 

Antibiotic therapy in the neonatal period is relatively common and has clear benefits for 

infants with suspected or confirmed perinatal infection [93]. However, it is not without any 

risk for adverse effects. A large multicenter trial showed that preterm infants treated with 

antibiotics had an increased risk to develop necrotizing enterocolitis and death [94]. 

Approximately 2 to 6 % of all newborns receive antibiotics for suspected sepsis in the 

neonatal period [95].  

A study showed differences in the microbiome in infants that received antibiotics after birth 

compared to the infants that did not. The relative abundance of the Bacteroidetes phylum was 

higher in the control group. Differences could already be noticed at the age of three days and 

remained until the age of six months. Simultaneously the relative abundance of the Firmicutes 

was lower in the control group [96]. Important to note for the interpretation of the results is 

that the group receiving antibiotic treatment in the neonatal period also received a probiotic 

treatment, Lactobacillus reuteri, which makes it difficult to formulate a hypothesis on the 

effect of antibiotics as individual factor on the gut microbiome. However, in an earlier 

research by Fouhy et al., similar results could be found. The effect of a combination treatment 

with ampicillin and gentamycin on the gut microbiome was investigated. In this small study 

an overall reduced microbial diversity was evident with potential beneficial phyla such as 

Firmicutes and Actinobacteria significantly reduced and replaced by a predominance of the 

Proteobacteria phylum. This difference was still noticeable eight weeks after antibiotic 

treatment [80]. 

One study showed that antibiotic use in the neonatal period is an independent factor for 

developing infant colic, just as was reported for prenatal exposure to antibiotics [82].  The 

incidence of parents-reported infant colic was higher in the group treated with antibiotics 
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compared to a control group (24.8% vs. 14.4%, p=0.048). Furthermore,  a significant 

difference in doctor-diagnosed infantile colic was observed, with a lower incidence in the 

control group (4.0 % vs. 0.4%,  p= 0.014) [97]. Alterations of the microbiome composition 

related to the antibiotic use could possibly explain the colicky symptoms. 

 

10 Management of infantile colic and the microbiome 

10.1 Different pre-, pro- and synbiotic preparations  

Bifidobacterium and Lactobacillus strains are  the most available and used probiotics.  

Lactobacilli and bifidobacteria are less abundant present in the microbiome of infants with 

colicky symptoms, and the reduction of these bacteria is associated with an increase of colic 

[19,24]. Interestingly, two (Lactobacillus delbrueckii subsp.delbrueckii DSM 20074 and 

Lactobacillus plantarum MB 456) out of 27 strains of Lactobacillus examined had an 

antimicrobial effect against coliforms, which were isolated from colicky infants, suggesting 

that probiotics could be beneficial  for relieving colic [23].  However, these two strains are not 

the ones used in the clinical trials for the management of colic. Further, research showed that 

Bifidobacterium strains are able to oppose the growth of several microorganisms [98,99].  

Different pre-, pro- and synbiotic preparations  have been the subject of clinical trials during 

the last years. The efficacy and safety of possible prophylactic and therapeutic interventions  

will be further discussed. 

Outcome measures (duration of crying, family stress, sleeping time of infant, quality of life 

(of family), discomfort of the infant and hospital admission/duration) were reported for the 

evaluation of the effectiveness of treatments or prevention of colic symptoms [100]. Most 

pro-, pre- and synbiotics studies report on  one out of these outcomes. A meta-analysis of 

studies analyzing the effect of Lactobacillus reuteri DSM17938 showed a reduced duration of 
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crying and fussing on day 21 (adjusted incidence ratio 1.7 (95% confidence interval (CI), 1.4-

2.2)), with a number needed to treat in breastfed infants of  only 2.6 (95% CI, 2.0-3.6) [101]. 

However, in formula-fed infants, no significant benefit was reported [101].  According to 

another meta-analysis, of which some authors are employees of a probiotic company, pro-, 

pre- and/or synbiotics significantly shortened the crying duration (−2.012  minutes (95% 

CI,−2.763 - −1.261 (Z = −5.25, p < 0.0001)). However, a causal relationship between the 

modulatory effect of probiotics on the microbiota and the immune system has not been 

confirmed [102]. The probability of a reduction in crying duration of at least  50% was 1.98 

times higher in the intervention group than in the control group (Z = 4.80, p < 0.0001) [102].  

Both  meta-analyses [101,102] do not allow to conclude which pro-, pre- and/or synbiotic is 

more effective in reducing colicky symptoms. To clarify the reason, some studies included in 

the meta-analyses will be discussed below. Only two [42,103] out of the ten studies analyzing  

Lactobacillus reuteri DSM 17938 could not demonstrate a decrease of crying time[42,103].  

Important to note however, is that the trial by Fatheree et al. was designed to examine safety 

and not powered to measure efficacy [103]. Thus, the study remained underpowered since 

only 20 out of the 45 intended to be included patients are randomized, whilst the reported 

placebo response was  as high as 66% [103]. The other negative trial with Lactobacillus 

reuteri DSM 17938 was sufficiently powered, since 167 infants, representing a community 

sample of breastfed infants and formula fed infants with colic, were included [42]. These 

authors found that at one month, the probiotic group cried or fussed 49 minutes longer than 

the placebo group (95% CI 8 - 90 minutes, p=0.02) [33]. However, many of the included 

infants had been treated with probiotics or proton pump inhibitors (PPIs) before inclusion 

[33].  Two studies [104,105] in the recent  meta-analysis [102]  have evaluated the effect of 

bifidobacteria. One study used the strain Bifiidobacterium animalis subsp. lactis BB-12 (BB-

12) and showed  that the number of infants in whom mean daily crying time was reduced with   
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≥50%was higher in infants treated with BB-12. This effect could be observed at the end of the 

second week [104]. Important to note is that no infant relapsed after treatment was stopped 

[104]. The other study (n=60) used Bifidobacterium breve B632 and BR03 as a supplement, 

which showed that at three months of age the probiotic group cried less than the placebo 

group, but only in the bottle fed infants (12.14 minutes vs. 46.65 minutes (p=0.016)) [105]. 

Trials with mixtures of pre- and probiotics were also included  in the recent meta-analysis and 

have contradictive individual results [106-109]. A probiotic mixture of strains containing five 

billion colony-forming units (CFU) of Lactobacillus paracasei DSM 24733, Lactobacillus 

plantarum DSM 24730, Lactobacillus acidophilus DSM 24735, Lactobacillus delbrueckii 

subsp. bulgaricus DSM 24734, Bifidobacterium longum DSM 24736, Bifidobacterium breve 

DSM 24732, Bifidobacterium infantis DSM 24737, and Streptococcus thermophilus DSM 

24731 per 10 drops showed a decrease in crying in exclusively breastfed infants, and that 

from day 14 (12/27 vs. 5/26 infants, p= 0.04) [106].  A study from Iran tested a synbiotic 

mixture containing 1 billion CFU of Lactobacillus casei, Lactobacillus rhamnosus, 

Streptococcus thermophilus, Bifidobacterium breve, Lactobacillus acidophilus, 

Bifidobacterium infantis, Lactobacillus bulgaricus and fructooligosacharide (Protexin 

Healthcare, Somerset, UK) per dose [107]. The reduction in the daily crying time was 

significantly higher in the synbiotic group (82.6%) compared to the placebo group (35.7%) at 

day seven (p < 0.005) and at day 30 (87% vs. 46%, p < 0.01) [107]. Symptom resolution was 

also higher in the synbiotic group (39%) compared to the placebo group (7%) at day 7 (p < 

0.03) but not at day 30 (56% vs. 36%, p= 0.24) [107].    Also,  a small study (n=9) using a 

mixture of different strains of Lactobacilli, Bifidobacteria and Propionibacterium 

freudenreichii ssp. shermanii JS, did not find a significant difference in crying pattern when 

compared to the placebo group [109].   
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The last included study [108] used another synbiotic preparation  Lactobacillus rhamnosus 

19070-2, Lactobacillus reuteri 12246,  at a daily dose of 250 × 10� CFU, 3.33 mg of FOS, 

and 200 IU of vitamin D�) and its effect was evaluated only in exclusively  breastfed  infants, 

of whom  over 30 % had been unsuccessfully treated for colic prior to inclusion [108]. The 

control group only received vitamin D. Crying time decreased in both groups, but a 

significant difference in favour of the treated group could be noticed after two weeks of 

treatment [108]. The meta-analysis by Skonieczna-Żydecka et al. remarks that a lot of trials 

find associations but not causations on the  modulatory e�ect of probiotics on the microbiome 

and  the immune system [102].   

 

In the earlier cited randomized clinical trials (RCTs) and meta-analyses, the probiotics are 

used as a treatment for colicky symptoms. An alternative is to use probiotics  as prophylaxis 

to avoid or reduce crying and distress. In two studies [110,111], pregnant women were given 

probiotics starting four weeks before the expected delivery date. Those preparations contained 

a mixture of 900 billion viable lyophilized bacteria of four different strains of Lactobacilli 

(Lactobacillus paracasei DSM 24733, Lactobacillus plantarum DSM 24730, Lactobacillus 

acidophilus DSM 24735, and Lactobacillus. delbrueckii subsp. bulgaricus DSM 24734), three 

strains of bifidobacteria (Bifdobacterium longum DSM 24736, Bifdobacterium breve DSM 

24732, and Bifdobacterium infantis DSM 24737), and one strain of Streptococcus 

thermophilus DSM 24731 (Vivomixx® or Visbiome®). Results showed a reduction of 

colicky symptoms in the  infants of mothers that were treated with probiotics (RR 4, 95% CI, 

1.21–17.10) [111]. Higher IL6 levels in colostrum and IL10 and TGF-β1 levels in mature 

breast milk were observed [111]. Also, fecal IgA mean values were higher in newborns of 

mothers who received the probiotic product when compared to the control group [111]. 
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 In another study [110], pregnant women received a different  mixture of probiotics containing 

the strains Lactobacillus rhamnosus GG and LC705, Bifidobacterium breve Bb99 and 

Propiobibacterium freudenreichii ssp shermanii JS, starting at 36 weeks of pregnancy. After 

birth, the neonates received the same probiotic treatment, combined with a prebiotic (0.8 g of 

galacto-oligosaccharides), daily for a duration of six months. In this study, no significant 

improvement of symptoms was found. However, the authors mention that the overall 

incidence of infant colic in their study was low [110]. A subgroup meta-analysis was done 

using these two studies [110,111] and found no significant effect of the used treatments (RR 

0.54, 95% CI 0.13 - 2.2, test for overall effect, Z=0.87(p=0.39)) [112].    

 

The effect on infant colic of prophylactic probiotics given to newborns  has also been 

examined [113]. Formula milk supplemented with probiotics will be discussed further in this 

paper. Four studies [114-117] used strains of Lactobacillus reuteri  but with different outcome 

measurements. In the first study, a prospective, multicenter, double-masked, placebo-

controlled RCT, Lactobacillus reuteri DSM 17938 was given daily to healthy term infants for 

90 days from birth onwards and compared to placebo [114].  At 3 months of age, the mean 

duration of crying time was significantly lower in the probiotic group (38 vs. 71 minutes; p < 

0.01) [114]. In the  second study (n= 138) the same strain Lactobacillus reuteri DSM 17938 

was used and also showed beneficial effects. Associated, a reduction in use of pain relieving 

agents (RR 0.04. 95% CI 0.01-0.31) was found and less infants switched from exclusive 

breastfeeding to infant formula (RR 0.37 95% CI 0.17 - 0.80, Corrected Chi2  6.291 

(p=0.0121))[115]. The third study (n= 167), also using Lactobacillus reuteri DSM 17938  

concluded that there was no difference in  mean daily crying or fussing time when compared 

to the placebo group, but the authors state that  the study sample was heterogeneous (use of 

PPIs, allergies,  use of probiotic-containing formula) that may have biased the results by 
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interfering with the microbiome  [116] .The last study used the same  strain, which at that 

time was named differently ( Lactobacillus reuteri ATCC 55730), and showed a significant 

reduction in mean daily crying when compared to placebo [117].    

One study (n= 184) examined Lactobacillus rhamnosus GG as potential prophylactic 

treatment [118]. When given for the first six months of life, no significant reduction in colicky 

symptoms could be found when compared to placebo, neither in parental measured 

symptoms, physician diagnosis, or the combination of both [118]. 

One meta-analysis with random-effects model [112] including the studies mentioned above 

[114,117]  showed a statistical significant reduction of 44.26 minutes in daily crying time  

with prophylactic use of  Lactobacillus reuteri [112].  

To our knowledge, only one study (n=60) examined the use of  Bifidobacteria  as in the 

prevention for infant colic [119]. Bifidobacterium breve B632 and BR03 given from birth 

onwards to a mixed group of breast and formula fed infants resulted in a decrease of crying 

time during the third month of life when compared to placebo. In the probiotic group, the 

infants had an average of 12.14 minutes of daily crying, compared to 46.65 minutes in the 

placebo group in bottle-fed babies (p:0.0016) [119] .  

One study also looked at the use of prebiotics (mixture of galacto-oligosaccharide and 

polydextrose 1:1) and probiotics (Lactobacillus rhamnosus GG) in preterm (gestational age 

32-36 weeks and birth weight >1500 g) for a period of 2 months and  reported a preventive 

effect  in both the prebiotic and probiotic group [120]. 27 out of 94 (29%) infants were 

classified as excessive criers. They were significantly less present in the groups treated with 

prophylactics than in the placebo group (19% vs. 19% vs. 47%, p= 0.02) [100]. Also, a higher 

percentage of Clostridium histolyticum was found in the stools of the placebo group than in 

the probiotic group (13.9% vs. 8.9%, p=0.05) [100]. 
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One study [115] looked at the cost-benefit of the prophylactic probiotic  Lactobacillus reuteri 

DSM 17938 and showed that effective prophylaxis reduces the number of pediatric 

consultations when compared with placebo (5.04±2.64 per infant vs. 8.40±3.58 per infant 

(p<0.0001). This means  a reduction in health-care cost for family (€88) and community 

(€104) [115].  Effective prophylaxis might  also be  cost-effective in the long term, although 

not yet researched, since one study suggested that children with a history of infantile colic are 

more likely to be diagnosed with another FGID in later life [121]. 

As previously mentioned, standardized outcomes were developed [100] but only few studies 

have applied them. Many different probiotics are used in the different studies, making it 

impossible to decide which probiotic is the most suitable for prophylactic use. The most 

studied species, however, is the Lactobacillus reuteri DSM 17938. In the Asia-Pacific region 

[122] and Latin America Lactobacillus reuteri DSM 17938  is already recommended for 

prevention of infant colic  [123]. 

 

10.2 Other dietary interventions 

Besides pre-, pro- or synbiotic used as a supplement, their effect has also been studied when 

implemented in infant formula. The same problems as in the  previous section are 

encountered, where a large heterogeneity (different strains, different  outcomes, treatment 

duration) makes it difficult to compare between the different studies. The next two studies 

[124,125] discuss the safety and effectivity of probiotic enriched formula milk in infant 

colic[124].  One study compared three groups for a period of 210 +/- 127 days: the first group 

received  a standard milk-based formula containing 1 x 107 CFU/g of Bifidobacterium lactis 

and Streptococcus thermophilus, the second group received formula containing 1 x 106 CFU/g  

of Bifidobacterium lactis and Streptococcus thermophilus, the last group received standard 

formula milk.  There was no difference in growth, health care attention seeking, daycare 
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absenteeism, or other health variables. However, a lower frequency of colic or irritability was 

reported in the groups  fed the probiotic containing formula (p < 0.001) [124]. In the second 

study (n= 80), newborns were fed formula supplemented with Lactobacillus paracasei ssp. 

paracasei and Bifidobacterium animalis ssp. lactis for the first three months of life and were 

compared to a control group receiving the same formula without  the probiotic supplements  

[125].  No significant differences were found in crying and sleeping hours, visits to the 

general practitioner or adverse events [125].  

Other papers studied formula milk enriched with prebiotics or the combination of pre- and 

probiotics [126-128]. Formula supplemented with fructo- and galactooligosccharides, 

partially hydrolysed proteins and low levels of lactose and palmitic acid in the β position 

showed effectivity in reducing gastro-intestinal symptoms such as colic, regurgitation and 

constipation.  A significant decline in the average frequency of episodes of colic was observed 

with a reduction of 1.8 colic episodes per day between day 1 and day 7 (CI 95%, 1.49-2.11, 

p<0.05). [126] A more recent study added the probiotic Bifidobacterium lactis BB12 to a 

similar formula as in the previous study. A  more important decrease of crying time was 

observed in the intervention group compared to the control group, resulting in an 

improvement of the quality of life [127]. Another modified formula that combined specific 

fermented formula (FERM) with short-chain galacto-oligosaccharides (scGOS) and long-

chain fructo-oligosaccharides (lsFOS) also showed promising results. A lower overall crying 

time and  a lower incidence of infant colic was found at the age of 4 weeks, when compared 

to formulas containing either FERM or scGOS/lcFOS [128]. More studies are needed to 

further evaluate these novel formulas. 
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Single pre,-pro- or synbiotics or mixtures used as a treatment seem to have no adverse effects 

and are well-tolerated [102,129,130].  The same conclusion can be made for prophylactic use  

[112,119,120] and in the use as supplemented infant formula [124,125,128]. 

 

 

10.3 Other treatments  

Drugs intended to reduce gas-formation by the disturbed microbiome, for example 

simethicone, were shown to be ineffective [131]. 

PPIs have also been used to reduce crying and/or irritability, usually in the context of 

suspicion of gastro-oesophageal reflux disease (GORD) [132-137]. Several studies [133-136] 

have analysed the effect of PPIs  on  crying or irritability. A meta-analysis of these studies 

showed no significant reduction in crying or irritability attributable to PPIs [132]. Similar 

results were found in another study that is not included in this meta-analysis. As in the 

probiotic studies, irritability subsides over a period of four weeks in the treatment and placebo 

group, consistent with the observation that infant colic is a self-limiting syndrome [137]. PPIs 

are being prescribed frequently as a treatment in crying infants [138-140]. However, unlike 

probiotics where no adverse effects could be found, PPIs are known to create dysbiosis and 

are associated with adverse effects such as small bowel bacterial overgrowth, increased risk 

for iron and VitB12 deficiencies, etc. An association with  asthma and  obesity has bene 

shown [141].  

 

Another approach for the prevention of infant colic, is the application of a low-FODMAP 

(Fermentable, Oligosaccharides, Disaccharides, Monosaccharides, And Polyols) diet for 

exclusively breastfeeding mothers and showed promising results. When compared to mothers 

ACCEPTED M
ANUSCRIP

T



 

 

with a normal diet there was a significant reduction in crying-fussing duration of infants with 

colic. Further research on this topic is however needed [142]. 

 

In conclusion, many trials have been conducted to the examine the effect of pre-, pro- and/or  

synbiotic as possible treatment and/or prophylaxis in infant colic. No adverse events have 

been documented yet; however long-term safety has only been studied in one article. A lot of 

heterogeneity can be found in the different studies, making it difficult to compare  different 

treatments. Several studies evaluated  the probiotic Lactobacillus reuteri DSM17938 and 

showed promising results, as well in treatment as in prophylaxis,, although studies are still 

limited. Mixture of probiotics or synbiotics in formula milk also show some benefits for infant 

colic symptoms. A low-FODMAP diet by breastfeeding mothers could reduce colicky 

symptoms, however more research is needed. PPIs have no proven effect on infant colic and 

have associated adverse effect.  

 

 

11 Conclusion  

Infant colic is an affliction that occurs in 20 % of the infants and is considered to be a benign 

and self-limiting syndrome. However, it can be a  source of great stress and sleepless nights 

for the parents. The pathophysiology of infantile colic is not fully understood, but literature 

from the last decades points towards the interference with the gut microbiome by diverse 

factors Differences in gut microbiota could be found in colicky infants versus healthy 

subjects. Organisms of the proteobacteria phylum were more abundant in infants with colicky 

symptoms, whereas the phyla Bacteroidetes, Actinobacteria, and Firmicutes were associated 

with less crying. Gas production and gut inflammation caused by bacteria could be a possible 

explanation for the symptomatology associated with infant colic. Bile acid immaturity and 
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perinatal use of antibiotics are also associated findings and could be linked to dysbiosis. A 

consistently effective treatment for all colicky infants still needs to be found. The probiotic 

Lactobacillus reuteri DSM17938 was reported to relieve symptoms mainly in breastfed 

infants. Further research is needed on the preventive effects of pre-pro and synbiotics but the 

available studies seem to have promising results.  
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12 Expert opinion 

Infantile colic is a FGID occurring in about 20 % of all infants  which is in general considered 

to be transitory as colic stops by definition at the age of 5 months [3]. The prevalence of 

infant  distress causing parental anxiousness is even higher. However, mainly outdated 

literature suggests that infantile colic has long term consequences on behavior, mental health, 

cognition development and family functioning [9]. New research in this field would be more 

than welcomed.  

Multiple pathophysiologic mechanisms are involved in the origin of infantile distress and 

colic. According to accumulating evidence, the gastro-intestinal microbiome is likely to be 

relatively frequently involved. Infants with infantile colic often have a dysbiosis, which 

probably existed before the distress develops. Dysbiosis is associated to a chronic low grade 

intestinal inflammation. It seems very likely that a lot of new information will become 

available in this area of research in the coming years. Further research on risk factors within 

the microbiome could help in selecting the subpopulation of infants in whom the microbiome 

composition may be the leading pathophysiological mechanism. There are many confounding 

factors influencing the microbiome composition such as prematurity, method of delivery, 

administration of medications such as antibiotics and proton pump inhibitors. This makes it 

difficult to perform well designed studies. In order to enhance the likelihood of uncovering 

benefits, research will have to focus on very well selected patient groups with comparable 

confounding factors. However, then the question will be whether these findings can be 

extrapolated to the whole group. Research performed in unselected patient groups may fail to 

show benefits because of the many confounding variables. Moreover, the question can be 

raised if the analysis of the stool microbiome composition reflects the composition of the 

microbiome in the small intestine, or even colon, since transit time is reported to influence the 

microbiome composition of the stools [143]. Last but not least, microbiome analyses are 
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expensive since full sequence and bioinformatics analysis to identify the microbiome present 

down to the species level and provide abundance estimates costs over 100 US $. 

An objective diagnosis of infantile colic is still a challenge. A parental diary developed by 

Barr et al is used worldwide as an easily accessible and reliable tool to quantify infant crying 

and distress [144]. However, the same research group reported also that clinically significant 

levels of crying (or "colic") are differentially associated with different patterns of clinically 

significant maternal distress [145]. The absence of an objective diagnostic tool is likely to 

contribute to a placebo effect as high as 66 % in some of the intervention trials [103]. 

Therefore, a more objective diagnostic tool would be welcomed. Continuous video-recording 

and à posteriori analysis is difficult to organize and will be time consuming and thus 

expensive. Actigraphy could be used for this purpose, but until now, little research has been 

done on this tool [146].  

A functional disorder should not be treated with drugs as there is no disease. Reassurance and 

anticipatory guidance is the cornerstone of the management. Since the condition itself is 

transitory, any intervention should also be safe and devote of risk for adverse effects. Dietary 

manipulation focusing on balancing the gastro-intestinal microbiome was shown to be 

effective in the management and prevention of infantile colic. More research is needed on 

which dietary factors may be important to balance the gastro-intestinal microbiome and to 

decrease the chronic low-grade inflammation. Long-term consequences of infantile colic is a 

priority research topic since the studies on this subject are outdated and provide conflicting 

outcomes. Moreover, there are no data available to answer the question whether an effective 

management of infantile colic or, even more relevant, its prevention, would result in a 

different long-term health outcome on behavior and other mental conditions.  

Colicky infants present mostly at the primary health care level. The selection of patients is 

another issue, as many parents have a strong wish to decrease the inconsolable crying and as a 
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consequence are not open to administer placebo, despite the high placebo effect. As a 

consequence, trials are often comparing two interventions.  

In conclusion, at least 20 % of parents consult because of infant distress and colic. The 

etiology of colic is multifactorial, but the gastrointestinal microbiome is a key factor.  The 

transitory aspect of the condition and the desire of parents for active treatment make it 

difficult to perform well designed studies to obtain high level scientific evidence. Evidence 

suggest that manipulation of the composition and metabolic activity of the  gastrointestinal 

microbiome is likely to be involved in many infants. Research should preferably be performed 

at primary health care level since this is the health care level where the majority of infants 

with colic are managed .  

Priority research topics are to collect evidence i) if infantile colic does have long term health 

consequences, and ii) if intervention and even more prevention studies would have an impact 

on these long-term health outcomes. The development of a tool that objectively measure the 

duration and intensity of crying would improve the quality of the obtained information. 

Important, but difficult if not impossible to obtain, would be information regarding the full 

sequence and bioinformatics analysis of the microbiome present in the small bowel and colon.  
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