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So runs my dream, but what am 1?
An infant crying in the night
An infant crying for the light

And with no language but a cry.
—Alfred, Lord Tennyson, 1849

DEFINITION AND BACKGROUND

Infant colic is a characteristic group of behaviors seen in young infants. The most prominent
feature is prolonged crying. Additional characteristics, including clenching of the fists and
flexion of the hips, have led to the suggestion that these behaviors are related to abdominal
discomfort; thus the term “colic,”derived from kolikos, the Greek term for colon. A
commonly used set of diagnostic criteria was proposed by Morris Wessel and colleagues,!
based on observations of 98 infants in the newborn nursery at Yale, 25 of whom had
inconsolable crying. These criteria are summarized by the frequently quoted “rule of 3s”:
crying by an otherwise healthy infant that lasts more than 3 hours per day on more than 3
days a week for more than 3 weeks.

In a most informative article in the NVlew Yorker, Groopman? quotes the British social
anthropologist Sheila Kitzinger as stating the “sound of a crying baby...is just about the
most disturbing, demanding, shattering noise we can hear.” He goes on to point out that the
US military has used the sound of wailing infants as an instrument of psychological stress,
piping recordings of their cries into the cells of detainees at Guantanamo Bay.
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Infant fussing and crying can be quantified by a “Barr diary” (Fig. 1), which often shows
increased crying after feedings. Crying occurs throughout the day but peaks in the hours
between 6 am to 12 pm and 6 pm to 12 am (Fig. 2).1 Colic may be a factor in child abuse and
infanticide.* In one investigation of more than 100 cases of abusive head trauma to infants,
forensic interrogation revealed that shaking was violent and repetitive in most cases. The
parent, usually a father, reported that he shook the infant to stop the infant from crying in the
most cases, without the intention of actually hurting the infant.6 Recently, a systematic
review by Wolke and colleagues! extracted Barr diary data from more than 8690 infants.
They found that up to 25% of normal infants have colic at 6 weeks of age, compared to only
0.6% at 1012 weeks of age.”

ETIOLOGY

The etiology of infantile colic is unknown, but is likely to be multifactorial. Proposed
etiologies include gastrointestinal, hormonal, neurodevelopmental, and psychosocial factors.

Gastrointestinal

Several gastrointestinal disorders have been suggested to cause colic, as the infants often lift
their legs and pass gas during the crying episodes.8 These factors, although controversial,
include cow’s milk protein allergy or allergy to other substances in the maternal diet,
excessive gas production, lactose intolerance, poor feeding technique, and dysbiosis.®

Cow’s milk protein allergy—The association between colic and cow’s milk protein
allergy is equivocal.19 A previous study indicated that infantile colic is not associated with
cow’s milk protein intolerance, based on similar prevalence of colic in formula-fed versus
breast-fed infants, as well as a lack of intestinal damage (as determined by fecal alpha-1-
antitrypsin and fecal hemoglobin) in colicky infants.1! In contrast, another study presented
evidence of intestinal inflammation, with increased fecal calprotectin and less diverse fecal
microflora in infants with colic; however, the difference could not be attributed to formula
versus breast milk feeding.12 Several systematic reviews of clinical trials or randomized
controlled trials in infants with colic have shown that the use of protein hydrolysate formulas
decrease crying time in these infants.®13.14 The limitations of most of these studies were an
unclear method of randomization and/or inadequate blinding.®

Intolerance to other substances in the maternal diet—A maternal diet that consists
of cruciferous vegetables (such as cauliflower, cabbage, garden cress, bok choy, broccoli,
and brussels sprouts), cow’s milk, onion, and chocolate have also been suggested as a cause
for colic, in theory related to colonic gas production.®> Many pediatricians recommend that
mothers reduce cruciferous vegetables in their diet, although there is little proof that this is
beneficial.

Gas production—It has been suggested that colicky infants have more intestinal gas
produced as a result of colonic bacterial fermentation. Thirty years ago, an Australian study
by Moore and colleagues!® suggested excessive H, gas production was a problem in many
infants with colic, with an initially high level of breath hydrogen decreasing as the colic
resolves. We, too, found that baseline breath H, was high in 25% to 50% of infants with
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colic,1217 supporting bacterial overgrowth or simply the inability to excrete colonic gas
effectively at this age. Of note, breath H level was also high in 25% of control infants
without colic. Hyams and colleagues!® showed that most infants with and without colic had
a positive lactulose breath H test, which is often used to diagnose bacterial overgrowth
(defined by adult criteria of a rise of 10 parts per million after ingesting lactulose). They
pointed out that many infants with massive rises in H, gas production following lactulose
did not cry or show any signs of discomfort. Thus, the literature is not convincing that
excessive gas causes colic, although it may be a contributing factor.12.16:18-21

Lactose intolerance—In the previously mentioned study by Moore and colleagues,16
zero-time (baseline) breath H, values were significantly higher, by twofold to fourfold, in
colicky compared with noncolicky infants at both 6 weeks and 3 months. After lactose-
containing milk, there were significantly more positive breath H tests (as defined by a
breath hydrogen level that increased > 10 parts per million after milk ingestion) in colicky
compared with noncolicky infants at 6 weeks (78% vs 36%) and 3 months (89% vs 45%).1°
The findings suggested that lactose malabsorption could be important in this condition. Our
group, however, found no significant differences between the postprandial levels of breath
hydrogen when we compared healthy and colicky infants using a similar protocol.12
Randomized clinical trials of oral lactase administration to facilitate lactose hydrolysis have
shown conflicting results in the treatment of infantile colic.22:23 Hence, the association
between lactose malabsorption and colic is unclear. Our interpretation is that there is a high
level of colonic bacterial fermentation in most infants at this age, but lactose intolerance by
itself is unlikely to cause colic.

Poor feeding technique—Improper feeding technique, such as underfeeding or
overfeeding, or infrequent burping, has been suggested to be a cause for colic.10 First-born
infants have been reported to have an increased risk of colic in 2 studies.2425 However, in
both these studies and in our experience, later birth-order infants are frequently seen with
colic. Overreporting or hypervigilance by primiparous parents (rather than parental
ineptitude) may be a factor.

A higher level of serotonin has also been suggested to be a cause of infantile colic. Serotonin
made in the gut affects mood and social behavior.28 According to one study, colicky infants
had a higher level of random urinary 5-OH IAA, a metabolite of serotonin, as compared
with the infants in the control group.2’

Neurodevelopmental

Neurodevelopmental factors have also been proposed as one of the contributing etiologies.

Normal emotional development—Previous studies have shown that the crying pattern
in colicky infants is similar to that of healthy infants (late afternoon and evening onset, peak
crying at 2 months of age), although infants with colic have crying of longer duration and
are harder to console. In one study, colic was described as a stage of normal emotional
development, during which the infant has diminished capacity to regulate crying episodes.28
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Migraine and colic—An association between maternal migraine and infantile colic has
been shown in several case-control studies. It was shown that mothers with migraine were
more than twice as likely to have infants with colic.8

“Missing fourth trimester”theory—According to this theory by Dr. Harvey Karp,2° a
developmental specialist, infants are born too “early” by approximately 3 months (or a
trimester), which results in inconsolable episodes of crying. According to this theory, they
miss out on pleasant womb sensations (which can be mimicked by keeping them warm and
quiet, swaddling them tightly, carrying them prone, and shaking them with a jiggling
motion). Newborns and horses are compared in this book, with the newborn human being
helpless and unable to take care of himself or herself, whereas a newborn horse starts
running the same day. The inconsolable crying episodes resolve in most infants at
approximately 3 months of age, at which time the infants start to “wake up,”accepting their
environment, smiling, rolling over, and cooing.3°

Psychosocial

Inadequate parent-infant interaction, parental anxiety, maternal smoking, and advanced
maternal age have also been suggested as a potential contributors to or causes of colic.?
Maternal depression and paternal depression have also been shown to be associated with
colic.31-33

Inadequate parent-infant interaction—Father-infant and mother-infant interactions
were less optimal in one colic group as compared with a control group. Also, there were
more dysfunctional interactions between parents in the severe colic group.3* These findings
have not been noted in most other studies.

Parental anxiety—Infants born to mothers with high trait anxiety and mothers with a
“spoil-fearing” attitude have higher risk of developing colic. In this study, trait anxiety was
scored by the “trait” scale of the State-Trait Anxiety Inventory (STAI), and classified into
the low, middle, and high score groups. “Spoil-fearing” participants answered “completely
true” or “fairly true” to the statement,“If the infant is taken up into the arms (of the
caregiver) too much, he/she can become spoiled or too dependent.”3°

Maternal smoking—Daily maternal smoking during pregnancy has been related to
subsequent colic in infants, but the association with maternal smoking was reported when
infants were approximately 5 weeks of age, ruling against infant dependency; and the
association with colic did not reach statistical significance.36

Advanced maternal age—Advanced maternal age was shown to be the most important
risk factor for infantile colic in one study, whereas another study did not confirm the
association.31:37

Maternal and paternal depression—Maternal depression during early pregnancy has
been clearly linked to subsequent infantile colic.31:32 In one study, there was a threefold
increased risk of infantile colic in mothers who reported distress during pregnancy.32
Interestingly, after adjustment for maternal depressive symptoms, paternal depression has

Gastroenterol Clin North Am. Author manuscript; available in PMC 2019 July 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mai et al. Page 5

also been associated with colic, as suggested by a prospective population-based study in
4426 2-month-old infants by van den Berg.33 This could be a direct association, or an
indirect one through marital, familial, or economic distress.

Inflammation/Dysbiosis

Recently, we found that stools of infants with colic had increased fecal calprotectin, a
marker for gut inflammation (Fig. 3A). Levels are known to be higher in breast-fed babies,
but when breast-fed babies were separately analyzed from those on formula, fecal
calprotectin was consistently higher in those with colic than in those without (Fig. 3B). We
also found that the fecal microbial population was different in babies with colic, with fewer
Actinobacteria (95% of which are Bifidobacteria) (Fig. 3C). Principal components analysis
revealed that microbial B-diversity differed significantly (Fig. 3D). This current hypothesis
describing a relationship between the microbial composition of the colon, inflammation, and
colic is described later in this article, in the section “Probiotic treatment.”

Diagnosis—Most studies use the parental graphing on a Barr diary to quantify crying and
fussing, but this is not convenient for most patients seen in the clinic. The diagnosis of colic
is traditionally made on the basis of an infant 3 weeks to 3 months of age who has
intermittent periods on most days of inconsolable crying and/or fussing. Most often, the
periods of worst crying are in the evening and/or after feedings. Other entities to be
considered in the differential diagnosis include cow milk protein allergy, urinary tract
infection or nephrolithiasis, severe thrush, anal fissure, constipation, occult fracture, and
neurologic problems (including seizure activity or maternal drug abuse).

TREATMENT

Conventional Approaches

Many therapies/techniques have arisen over the years, from acupuncture to changing feeding
techniques (for example, nipple adjustment), swaddling while prone,2° removing or giving
environmental stimulation (white noise, soft sounds, and motion), switching formula, giving
gripe water, and skin-to-skin bonding (closeness). These methods have not been
scientifically studied, but are rational and anecdotally beneficial.

Acupuncture

Acupuncture is a method of systemic stimulation of neurotransmitters and hormones
throughout the central nervous system.38 It is has been shown that acupuncture in animals
inhibits somatic and visceral pain and has an effect on the autonomous system.39 Gastric
motility and acid secretion can be affected by acupuncture?; jejunal motility can be
stimulated®!; and functional dyspepsia can be improved in adults.*2

Acupuncture features different points of optimal effect; in colic the most commonly used
location would be L14, which is associated with gastrointestinal symptoms.4344 A
randomized controlled trial by Landgren and Hallstrom?® in 80 infants showed a significant
decrease of colicky symptoms (£ =.03) in the acupuncture group versus controls. A larger
multicenter British study showed reduction in crying duration and a shortening of the length
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of colic symptoms using 2 different types of acupuncture, compared with placebo treatment.
Other studies have been completed showing benefit for light (systemic) or targeted (L14)
point stimulation,*6 with one study in disagreement these findings.*’ Additional randomized
controlled trials should be undertaken.

Chiropractic

Chiropractic therapy focuses on the musculoskeletal system and nerves. This therapy makes
adjustments to the alignment of the spine and connecting nerves, purportedly pressure areas
causing pain. A Cochrane review by Dobson and colleagues indicated that the trials have
been generally “positive” but inconclusive, because of an inherent risk of performance bias
because the assessors (parents) were not blind as to who had received chiropractic treatment.
There is a need for further research with this technique.

Complementary Medicine

Alternative or complementary medical treatments are designed to treat the diseased body
naturally. Common holistic approaches for colic are herbs, including fennel (Foeniculum
vulgare), chamomile (Matricaria recutita), and lemon balm (Melissa officinalis), several of
which have been effective in several randomized controlled trials for colic.49 From 5 studies,
491 participants with colic were treated with herbal medicine; results were reviewed. Fennel
extract, herbal tea, and fennel oil, as well as a herbal tea called ColiMil were shown to be
better than placebo. Of the 5 studies, one reported nonsevere vomiting, sleepiness, and
constipation; the other 4 did not report side effects. Multi-herbal treatments (such as Colic
Calm) are available over-the-counter and currently not regulated. Fennel preparations were
reviewed and found to have no severe adverse events.59 In our opinion, herbal treatments are
not recommended as first-line treatment, due to unproven safety and efficacy in infants, as
well as unknown biological effects and dosing response.

Medications

Tincture of opium—The medical document Papyrus Ebers (ca. 1500 BCE) was purchased
by Georg Ebers in 1873 and resides at the University of Leipzig. It cites a remedy for a
colicky baby:

Pods of the poppy plant

Fly dirt which is on the wall

Make into one, strain, and take for four days
It acts at once!

The poppy seed would have provided opium for the cramps of colic, with fly dung added as
a thickener. In the United States, paregoric was extensively used for many years for colic.
Paregoric consists of 4% opium, benzoic acid, camphor, and anise oil. Before 1970, it was
given over-the-counter, but it became a regulated (schedule 111) drug thereafter, except as a
component of Donnagel-PG (schedule V). Because of addictive properties, it was banned in
2011, only to be resumed in 2012, but is now only to be used for the purpose of weaning
opiate-addicted newborns.!
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Simethicone—Simethicone is an over-the-counter medication used to relieve gassiness,
bloating, and discomfort in adults. Simethicone has been used widely, with outcomes no

better than placebo.>2 We do not recommend simethicone for in the treatment of infant colic.
52

Acid blockers—Most infants referred to subspecialists in pediatric gastroenterology have
been treated with acid blockers, often at very high doses. There is evidence that neither
omeprazoleS3 nor lansoprazole®* reduces infant irritability. Acid blocker treatment was
successful in reducing acid exposure time but did not reduce crying,>3 suggesting that
esophageal reflux is not relevant to infant colic. Concerns have been raised that these infants
are overmedicated.>®

Probiotic treatment—Dysbiosis describes a proven difference in microbial community
composition when comparing a clinical group (eg, patients with irritable bowel syndrome>®
or inflammatory bowel disease®’) with healthy controls. Dysbiosis is a term that is
somewhat ambiguous, and it does not prove causality.>8 Microbial composition of the
dysbiotic stool can be dominated by pathobionts, or commensal organisms that are known to
have modestly proinflammatory characteristics. Fecal communities can be programmed by
genetic defects, postnatal maturation, medications, dietary choices, antibiotics, life-style
choices, and psychological stress.>®

In the landmark article describing colic, Wessel and colleagues® suggested gastrointestinal
distress, caused by “excessive proteoids like those of the bean which rapidly undergo
gaseous decomposition... [which] causes violent peristalsis, ” and/or “physiologic
immaturity of the intestinal tract resulting in overdistension.”They also pointed out that
“enemas may decrease putrefactive fermentation” in this condition, thus implicating
abnormal fecal composition in the seminal report.

Francesco Savino and his group®0:61 in Turin, Italy, were the first to investigate, using stool
cultures and subsequently molecular techniques, whether colic is related to gut dysbiosis.
His group found reduced lactobacilli and increased Escherichia coli using polymerase chain
reaction to measure bacterial ribosomal DNA. Subsequently, our group’s observations from
infants in Houston, using denaturing gradient gel electrophoresis and sequencing,
substantiated some of these findings, although we found an increase in a different member of
genus Proteobacteria, Klebsiella, in half of 18 infants with colic.12 We also suggested that
there was reduced fecal microbial diversity, as well as gastrointestinal inflammation in these
infants, as measured by an increase in fecal calprotectin, a cytoplasmic protein abundant in
neutrophils.

The dysbiosis-inflammation theory proposes that aberrant colonization of the newborn
creates a gut environment that affects brain function and the behavior of the infant. Colic
represents an ideal model for understanding the effects of individual microbes and their
associated microbial-brain interactions, inasmuch as these infants are colonized by only 1 to
3 dominant species, “dominant” referring to the 65% to 97% of the operational taxonomic
units (OTUs, or species).52 This limited diversity in infants (especially those with colic [see
Fig. 3]) contrasts markedly with studies of the stools of adults, which have a much more
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balanced composition of approximately 400 OTUs, of which approximately 12% are stable
components of a “temporal core.”63 Differential colonization of a relatively sterile gut with
proinflammatory commensals, such as Gammaproteobacteria, also known as gram-negative
rods, when not balanced by anti-inflammatory commensals (B/fidobacterium, Lactobacillus,
Bacteroides) may underlie the gut inflammation that has been reported in our infants with
colic.69-64 Fig. 3C from our group shows that there was a significant decrease in the
percentage composition of Actinobacteria (95% of which are Bifidobacteria) in infants with
colic.

Reduced fecal bifidobacterial species in infants with colic compared with controls were
reported by 2 groups,4:65 although low levels were not confirmed by others.56:67 Reduced
lactobacilli were also found by Savino’s group,®? although recently a study by the same
group using fluorescence in situ hybridization (FISH) techniques failed to find reduced
lactobacilli.8% We found that these 2 genera (Lactobacillus and Bifidobacterium) comprise a
very small fraction of the gut microbiota in infants 3 weeks to 3 months old,”62 although
bifidobacteria are known to bloom later during infancy. An imbalance between genera of
Proteobacteria and Actinobacteria (mainly bifidobacilli) has been found in 2 prospective
studies of necrotizing enterocolitis (NEC) in premature infants. Results indicated that those
who developed NEC had fecal microbial populations that evolved to become different from
those of infants who did not develop NEC.58:69 In both studies, there was a progressive
overgrowth of Proteobacteria in those who developed NEC compared with infants with
stable gastrointestinal health. The recent study by Savino and colleagues®® also showed an
increase in Enterobacteriaceae, as assessed by FISH, in infants with colic compared with
those without colic.

To probe gut inflammation in infants with colic, no studies have used colonoscopy to
determine if there is a low-grade colitis. Olafsdottir and colleagues’® reported no differences
in fecal calprotectin when they compared healthy infants with those with colic. In fact, they
noted very high levels of calprotectin in all infants this age. However, subsequently we and
others have reported a much higher level of fecal calprotectin in infants with colic compared
with age-matched controls.12:67 Furthermore, in longitudinal studies, a dramatic decrease in
calprotectin has been consistently seen, in parallel to the resolution of the colicl”.71.72 (see
Fig. 3A). It should be noted, however, that there is currently no consensus as to whether gut
inflammation causes colic.

Simultaneous with these case-control comparisons, Savino and colleagues’? initially, and
others subsequently, began to investigate the possibility that a normal fecal commensal,
Lactobacillus reuteri, when given as probiotic drops, could modify the course of crying and
irritability in these infants. LR ATCC 55730 and its offspring, strain DSM 17938 (the latter
cured of an antibiotic-resistance plasmid), originally isolated from a Peruvian mother’s
breast milk, have been available commercially for >20 years as “colic drops” in sunflower
oil. Each dose of 5 drops contains more than 20 million colony-forming units. To try to
quantify outcome, many studies used the Barr diary created by Ronald Barr, a daily timeline
that the parents can color in when the infants either cry or fuss (recorded as 5-minute
intervals).3 74 We and others have found the Barr diary to be an instrument that is user-
friendly, quantitative, and often welcomed by the parents of infants with colic (see Fig. 1).
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Subsequent studies of L reuteriDSM 17938 showed efficacy in studies conducted in Turin,
Italy,”® Warsaw, Poland,”® Toronto, Canada,’” and Hong Kong, China.”® All (with one
exception’®) were investigator-masked and parent-masked, and all used Barr diaries. Meta-
analyses concluded that a treatment effect was observed at 1, 2, and 3 weeks, with a
weighted mean difference of crying + fussing time of 28 to 56 minutes daily, with the best
effect at 2 and 3 weeks.”981 One meta-analysis compared LR 17938 with a variety of other
treatments and concluded that only £ reuteriDSM 17938 and fennel were effective.”®

There were 2 studies that did not find a trend toward improvement in colicky infants treated
with L reuteri, authored by Sung and colleagues’? and Fatheree and colleagues.®2 The study
by Sung and colleagues’! was the largest trial, but it included children who were taking
formula, as opposed to all other studies that included only breast-fed infants. There is
evidence from rodent studies that stimulation by L reuteri of regulatory T cells is augmented
by breast milk.82 The latter trial of breast-fed infants was underpowered and demonstrated
an unusually brisk cessation of fussing/crying in the placebo group. It is noted that this was
1 of only 2 trials that reimbursed the parents for multiple clinic visits, potentially
augmenting the placebo response. Both of these (nonconfirmatory) trials also included
children who were on acid blockers, which may have influenced an impact of the probiotic
on crying time and the microbiota.

Nevertheless, the meta-analyses mentioned previously showed very promising results. It
should be noted that in more than 350 infants studied in the various trials, no serious adverse
events of probiotic, such as bacteremia, were reported. In fact, neutropenia (a condition
associated with increased risk of infection) was noted in approximately 50% of children in a
recent trial at enrollment, and it resolved in 70% of the infants after 2 months of treatment
with the probiotic.52

Several studies investigated other probiotics for infants with colic. One showed that
Lactobacillus rhamnosus GG reduced crying time,83 whereas another smaller study (n = 20)
looking at the effects of L rhamnosus GG in infants on a casein hydrolysate formula
(compared with controls) did not show a difference.1” In other small studies, a symbiotic
formula with several species of Lactobacillusand Bifidobacillus as well as Streptococcus
thermophilus and fructooligosaccharides showed benefit,84 as did a symbiotic with heat-
killed L reuteri, Brevibacillus brevis, and xyloglucan.8° Neither of these studies used the
Barr diary.

One additional comment is that L reuteriDSM 17938 has also been shown to help to prevent
the development of colic in 2 studies.86.87

PROGNOSIS

Generally, infants with colic are believed to have an excellent prognosis, as colic is often

viewed as a temporary disorder, regardless of etiology. The vast majority of these infants

stop crying by 4 to 5 months of age. However, there has always been a concern that “little
belly achers” could grow up to become “big belly achers.” A 10-year follow-up study by

Savino and colleagues®8 recorded (by parental “anamnesis” [history]) gastrointestinal,
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allergic, and psychological symptoms in 52 children who were hospitalized for severe colic
as infants. After age 10, they were compared with 51 who had been hospitalized during their
infancy for other reasons. The survey showed that the children who had experienced colic
were significantly more likely to develop recurrent abdominal pain, allergic disease (eczema,
rhinitis, asthma, and food allergies), and sleeping disorders. Remarkably, 40% to 60% of the
children with colic had also gone on to develop aggressiveness, fussiness, or feelings of
supremacy, with a relative risk of each calculated to be 10-fold higher than controls.

A fascinating, seemingly outlandish theory in the emerging field of “psychobiotics” (coined
by the group in Cork, Ireland) is that neonatal microbiota may regulate the development of
the central nervous system.89:90 This theory is mainly supported by observations in rodent
models, but may have implications for the development in childhood of autism spectrum
disorders and later in life, of schizophrenia. These neurologic disorders might be impacted
by microbial manipulation. Examples include (1) development of stress behavior in the
germ-free mouse is linked to an enlarged amygdala and hippocampus, rescued by
Bifidobacillus infantis (reviewed in Vuong and colleagues®); (2) depression in humans has
been linked to increased fecal Actinobacteria and Bacteroides, transmissible to the germ-free
mouse®2; and (3) functional bowel symptoms linked to high anxiety/depression scores
improved symptomatically in response to a probiotic containing Lactobacillus helveticus and
Bifidobacterium longum.9

SUMMARY

Parents caring for a miserable infant with colic may be reassured by the consistent finding
that “time is on your side.” These infants will recover over the next 2 to 3 months almost
100% of the time. Swaddling, white noise, gentle stimulation (jiggling), and L reuteridrops
may be of benefit, in contrast to the traditional acid blockers, which have not been shown to
affect infant fussiness and crying.>3

In this article, we have shown emerging evidence to support the concept that infant colic
could represent a dysbiosis that impacts brain function and even brain development.
Recently, Partty and colleagues®* performed a long-term follow-up study of infants treated
with a probiotic. These infants (who did not have colic) were treated for the first 6 months of
life with 1019 colony-forming units daily of L rhamnosus GG, alongside a control group of
similarly normal infants who received a placebo (microcrystalline cellulose). Strikingly, 13
years later, 6 of 35 children who received placebo as infants had gone on to develop
attention-deficit disorder or mild autism spectrum disorder (Asperger syndrome), whereas 0
of 40 children who had received the probiotic developed these disorders (/A<.01). One might
ponder the “unthinkable”: that not only could the symptoms of colic respond favorably to
probiotic treatment, but also (in severe cases) successful treatment of the dysbiosis might
favorably impact future neurodevelopmental outcome.
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Abbreviations

NEC Necrotizing enterocolitis

oTu Operational taxonomic units

STAI State-Trait Anxiety Inventory
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KEY POINTS
. Infant colic is a characteristic group of behaviors seen in young infants.
. The most prominent feature is prolonged crying.

. Additional characteristics, including clenching [ISP][I1SP]the fists and flexion
of the hips, have led to the suggestion that these behaviors are related to
abdominal discomfort.

. Infant colic may represent gut inflammation and microbial dysbiosis that
impacts brain function and even brain development.
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Please mark behaviour patterns as indicated:
Awake Awake Awake Awake Awake sucking
Asleep .
content fussy crying feeding  (thumb/dummy)
% ~
= %
Please mark type of feeding given, above the line as follows: ‘bottle’ or ‘breast’
Please mark cries of less than one minute, above the line as follows: '’
Please mark bowal movements, when discovered, below the line as follows: * 1’
Example: _ Smuad v j-
12:00 Midnigh! 12:30 1:00 1:30 2:00 3:00
Night :
Iilll]lllll lllllllllli I_IJIJIIJ.'_LI Il||l|l||lr fllllltllll |II|!I|]|I|
12:00 Midnight  12:30 1:00 1:30  2:00 3:00 400 5:00 6:00
Morning
llIlI[llIll llJlIllL[ll IIIIIL_L!II IlII!lllII' IJ[llI|lIll‘ Il'lllllll
6:00 7:00 8:00 9:00 10:00 11:00 12:00 Noon
Afternoon
ILILlIlIIlI IIII]]I||I| L]_[uLLLllI lllelllll'i IlIIL]IlIl.I llil!lll]ll
12:00 Noon 1:00 2:00 3:00 4:00 5:00 6:00
Evening
Illllllllll ||IIIIIIIII llJJ_lllll]L_l.LlllIlllll lllllllllll IIIIIIIIIII

6:00 7.00 8:00 9:00 10:00 11:00 12:00 Midmight

(J This was a typical day

[JJ This was not a typical day, because

Fig. 1.
Barr diary. (From Barr RG, Kramer MS, Boisjoly C, et al. Parental diary of infant cry and
fuss behavior. Arch Dis Child 1988;63:384; with permission.)
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Night: 12 AM - 6 AM Morning: 6 AM — 12 PM Afternoon: 12 PM - 6PM Evening: 6 PM - 12 am
QUARTERLY INTERVALS OVER A 24 H PERIOD

Fig. 2.

Daily breakdown of crying time in infants with colic: crying and fussing in minutes (n = 27).
Means +/- SEM. (Adapted from Rhoads JM, Collins J, Fatheree NY, et al. Infant colic
represents gut inflammation and dysbiosis. J Pediatr, in press; with permission.)
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Fig. 3.

([ISP]A, [ISP][ISP]B): Relationship between fecal calprotectin, colic, and feeding modality
in infants. (C, D): Fecal microbial community composition in infants with and without colic.
(A) Infants with colic (n = 29) have significantly higher levels of fecal calprotectin than
normal controls (n = 25) (£<.0001, Wilcoxon rank sum test). (B) Breastfed infants
significantly higher levels of fecal calprotectin than Formula fed infants (P=.019, Kruskal-
Wallis with post hoc Dunn’s test and correction for multiple comparisons). (C) Phylum/
Classlevel composition of colic (n = 37) vs control (n = 28) samples. Normal control
samples have a significantly higher abundance of Actinobacteria, (P=.032, Wilcoxon rank
sum tests withcorrection for multiple comparisons). (D) Microbial B-diversity composition
of infants with and without colic is significantly different (= .003, permutational
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multivariate analysis of variance). (Adapted from Rhoads JM, Collins J, Fatheree NY, et al.
Infant colic represents gut inflammation and dysbiosis. J Pediatr, in press; with permission.)
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