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Abstract. The lecture is devoted to the current problem of pediatrics — infant colic. They are in the light of the
recommendations of the Rome criteria, reflecting the opinion of experts — pediatricians, gastroenterologists,
allergists. The key to diagnosing infant colic is to exclude organic pathology (“red flags”), which accounts for no
more than 5%. The article discusses modern ideas about the pathogenetic mechanisms of infant colicand modern
principles of their correction based on these data. Correction of infant colic includes psychological support for the
family, continued breastfeeding and the use of probiotics.
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Pestome. Jlekuna nocBALeHa akTyanbHOM Npobneme negnatTpmum — MiaageH4Yeckum Konvmkam. OHu paccma-
TPMBAlOTCA B CBeTe peKkoMeHAaLuni PUMCKIX KpTepueB, OTpaxKalowWwmnx MHEHEe SKCNepToB — MeanaTpos,
racTPO3HTEPOJIOroB, annepronoros. KniouyesbiM MOMEHTOM B MOCTAHOBKE AMarHO3a MaafeHYeCckuX KomK
ABNAETCA UCKIIOYEHME OpPraHNYeckorn natosiormm («kpacHble ¢raru»), KoTopasi cocTaBnsAeT He 6onee 5%.
B ctaTbe paccmoTpeHbl cOBpeMeHHble MPeAcTaBieHNA O MaTOreHeTUYeCKNX MeXaHM3Max MiafeHYecKnx
KOJNIMK 1 OCHOBaHHble Ha 3TUX JaHHbIX COBPEMEHHbIE MPUHLMMbI UX NevyeHus. Tepanua mnageHuYeckux Ko-
NVIK BKITIOYAET MCUXONOrNYECKyo MOAAEPKKY CEMbM, COXPaHEHME rPyAHOr0 BCKapMIMBAHNA N MPUMeHeHne
Npo6MOTUKOB.

KnioueBble cnoBa: myiadeH4Yeckue KOJIUKU; «kKpacHble gaazu»; Pumckue kpumepuu IV; npobuomuku.

The term "colic" (colicos) means "pain in the
large intestine". Colic is an attack-like pain in the
abdomen accompanied by marked restlessness
and crying of an infant in the first months of life [1].

A meta-analysis (2017) included 28 diary stu-
dies covering 8690 infants, showed that the av-
erage daily duration of crying in infants amounts
from 117 to 133 minutes per day in the first

6 weeks of life, and to 68 minutes per day — from
10 to 12 weeks of life [2]. The WhyCry 2G crying
analyzer identifies five reasons for infant crying:
hunger, boredom, pain, sleep and stress. It is es-
timated that less than 5% of infants have iden-
tifiable medical explanations for their crying [3].
Unreasonable infants’s cry began to attract the
attention of the medical community since the
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1890s. For the first time, an infantile colic (IC) was
described by M. Wessell et al. in the 1960s [4]. The
criteria proposed by M. Wessell et al. were used to
diagnose colic for a long time. The criteria consists
of the so-called rule of three: crying for 3 hours a
day or more (usually not longer than 1 hour), at
least 3 days a week, for 3 consecutive weeks; age
from 6 weeks to 3-4 months; a good general con-
dition: children have good weight gain, maintain
a positive emotional attitude, good appetite, nor-
mal stools; possible infrequent regurgitation; ab-
sence of "anxiety symptoms". Clinical practice has
shown that it was hard for parents to evaluate pe-
riods of crying and anxiety retrospectively, thus
the Wessell criteria were considered inappropri-
ate for practical use since they were associated
with certain difficulties and diagnostic errors.
According to the Rome IV criteria revision com-
mittee, the Wessell criteria are random, culturally
independent, impractical, and do not reflect the
impact of the child's symptoms on the family. For
this reason, the new clinical criteria are based on
symptoms that have been shown to cause more
discomfort for parents. In addition, the Rome
IV criteria extended the age of IC diagnosis to
5 months [5]. Thus, for clinical purposes, the diag-
nostic criteria should include following features:
an infant under 5 months old at the beginning
and end of symptoms; recurrent and prolonged
periods of crying, restlessness, or irritability re-
ported by caregivers, occurring for no apparent
reason and that cannot be prevented or man-
aged by caring adults; no evidence of develop-
mental delay, fever, or illness with clinical signs,
i.e., "red flags" or "anxiety symptoms" [5]. "Anxiety
symptoms" indicate organic diseases manifesting
itself in fever, persistent regurgitation including
coughing fits, absence of weight gain, mucus and
blood in stools, passive abdominal wall tension,
refusal to eat, abdominal bloating, signs of atopic
dermatitis and persistent constipation.

IC is defined as one of the most common com-
plaints that parents adress to primary care physi-
cians [6, 7]. Arecently published systematic review
(2020) reported colicincidence rates ranging from
2 to 73% [8]. Symptoms peak around the sixth
week of life and cease naturally after 4-6 months
of age [9], allowing it to be considered a benign,
self-healing condition.

The need to treat this self-healing condition
stems from the negative impact of excessive cry-
ing on an infant's family. Prolonged infant crying
is harmful to sibling-parent relationships [10], is
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associated with maternal problems such as de-
pression, anxiety, and loss of parental confidence
[11, 12], is a frequent cause of early cessation of
breastfeeding [13], and can lead to severe in-
fant injury or death due to abuse [14]. A second
important argument for the treatment of colic is
the presence of its long-term consequences, such
as migraine, sleep and behavioral disorders, hy-
peractivity, decreased intelligence and cognitive
disorders, eating disorders, atopic diseases and
functional gastrointestinal (Gl) diseases [15-18].
Knowledge of IC pathogenesis is necessary for se-
lecting an adequate therapy.

Infantile colic has a multifactorial pathogene-
sis. Physiologic imbalance in the development of
the central nervous system explains the time of
IC manifestation. At the age of 2 months, brain
systems tolerate changes, as a result reflex mech-
anisms supervising behavioral responses are re-
placed by a system of control proceeded by the
cerebral cortex. Many authors believe that incon-
solable crying, which is noted in infantile colics,
is a consequence of transient behavioral re-
sponse deficits in the first 2 months of life [19, 20].
Complex interactions between behavioral factors
(psychological and social) such as postpartum de-
pression, parental anxiety, stressful pregnancy,
adverse experiences during delivery, poor par-
enting skills [24-26], alterations from the endoge-
nous opioid system and neuropeptide regulation
[27-31], as well as nutritional factors (hypersen-
sitivity or food allergy, especially allergy to cow's
milk proteins) [28, 30], immaturity of gastrointes-
tinal tract (GIT) [21, 24, 32], excessive intestinal
gases [21, 24], imbalance of intestinal hormones
and impaired intestinal motility [31, 32], changes
in the intestinal microbiota [33, 34], disruption of
the microbiota-brain axis [35], impaired intestinal
permeability and low intensity inflammation [22,
36, 37] are among numerous mechanisms that
play a role in the pathogenesis of colic.

The role of the gut microbiota has the greatest
evidence base in the colic pathogenesis. Table
1 summarizes studies examining the quantitative
and qualitative composition of the microbiota in
children with and without IC.

Despite the diversity of results, most resear-
chers indicate a low qualitative diversity of intes-
tinal microbiota in children with colic compared
to the microbiota of children without colic dur-
ing the first 2 weeks of life [39]. Other studies
suggest the presence of certain microorganisms
in the gut microbiota associated with increased
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Table 1. Studies of microbiota composition in children with colic and healthy infants

Tabnuua 1. UccnepoBaHuA coctaBa MUKPOOGMOTBI y AAeTel C KONMKaMu 1 310POBbIX MiageHLeB

et al., 2021 [43]

AsTop / Author MeTtopn / Method PesynbtaThbl / Results
Savino et al., KynbtypanbHbiii / Cultural | MnageHuUbl ¢ Konvkamuy UMeLOT bonee BbICOKMEe MoKa3aTenu
2004 [38] W MAIOTHOCTb KULIEYHOW ManoyKy 1 ApYryiX ra3006pasyoLmx
KULLIEYHBIX NMasnoyek 1 6onee HU3KMe yposHu Lactobacillus spp. no
CpaBHeHuIo co 3n0opoBbiMu MnageHuamm / Colicky infants have
higher counts and densities of E. coli and other gas-forming coliforms
and lower levels of Lactobacillus spp. compared to healthy babies
Savino et al.,, KynbtypanbHbi +MLP / Escherichia coli, Klebsiella pneumoniae, K. oxytoca, Enterobacter clo-
2009 [39] Culture+PCR acae, E. aerogenes v Enterococcus faecalis 6binn npeobnagatowymm
BMAAMW y MrageHueB ¢ konukamu / Escherichia coli, Klebsiella
pneumoniae, K. oxytoca, Enterobacter cloacae, E. aerogenes and En-
terococcus faecalis were the predominant species in colicky infants
Mentula S., KynbTypanbHbiii +aHanu3 | PacnpocTpaHeHHOCTb UHAONMPOAYLMPYOLIMX KONMbopm Obina
2009 [40] KNEeTOYHbIX XXMPHbIX 3HauUUTENIbHO BbIlle Y MJ1aZleHLEB C KOJIMKAMM MO CPAaBHEHMIO
kncnot, KLKK n C KOHTPOJIbHOW rPYMMoMn, B TO BPeMA Kak MHOIMe a3pobHble
npov3BofCcTBa rasos / pofbl, NPUCYTCTBYIOLWME B KOHTPONbHON rpynne, He Obinm
Culture +analysis of 06Hapy»eHbl Y MnageHLeB ¢ Konukamu / The prevalence of
cellular fatty acids, SCFAs | indole-producing coliforms was significantly higher in colicky in-
and gas production fants compared with controls, while many aerobic labors present
in controls were not found in colicky infants
de Weerth C,, MonekynapHble metofbl / | Colic phenotype was positively correlated with Serratia, Vibrio
2013 [41] Molecular methods and Pseudomonas content / ®eHOTVN KONNK NONTIOXNUTENBHO
KoppenupoBan c cogepxaHuem Serratia, Vibrio n Pseudomonas
Rhoads J.M., CekBeHupoBaHue OHK / TaKCOHbI, KOTOPbIE B 3HAUUTENIbHOW CTEMEHN CBA3aHbI C KONIMKaMU:
2018 [42] DNA sequencing Acinetobacter, Lactobacillus iners. CH/i»eHve OTHOCUTENIbHOIO
copepxaHua budraobakTepuin B cpegHem B 30 pa3 / Taxa sig-
nificantly associated with colic: Acinetobacter, Lactobacillus iners.
Reduction in the relative content of bifidobacteria by an average of
30 times
Loughman A, CekBeHuUpoBaHue 16S Anbda-pasHoobpasue pekanbHON MUKPOOMOTbI HE NMEeSIo

pPHK / 16S rRNA sequen-
cing

CYLLECTBEHHOW CBA3M C MlayeM. HecKonbKo TakCOHOB
MUKPOO6MOTbI (BKNtouasn Bifidobacterium, Clostridium, Lactobacillus
n Klebsiella) ceasaHbl ¢ TaxecTbto Konuk / Alpha diversity of fecal
microbiota was not significantly associated with crying. Several
microbiota taxa (including Bifidobacterium, Clostridium, Lactoba-
cillus, and Klebsiella) are associated with colic severity

Kozhakhme-
tov S., 2023 [44]

lNonHoe meTareHOMHOe
CEKBEHUpPOBaH/ie
obpasuos kana / Whole
metagenomic sequenc-
ing of stool samples

B rpynne Konuk o6HapyXeHo oTHocuTeNbHOe n3obunue Bifido-
bacterium n oboraweHune Bacteroides Clostridiales, B To Bpems Kak
MUKPOBHOe b1nopasHoobpasme B 3TON rpynne 6bli10 oboratleHo
/The colic group revealed a relative abundance of Bifidobacterium
and an enrichment of Bacteroides Clostridiales, while microbial
biodiversity was enriched in this group

HosukoBa B.I1.,
2023 [37]1/
Novikova V.P.,
2023 [37]

MeTop razoBor
XpomaTorpapumn-macc-
CNEKTPOMETPUM MO
I.A. OcvinoBy obpa3LioB
kana / Method of gas
chromatography-mass
spectrometry of fecal
samples according to
G.A. Osipov

B rpynne Konuk 3Haumo BbiLe yposeHb Acinetobacter spp, No-
cardia spp. n Micromycetes spp. No CpaBHEHNO CO 340PoBbIMM / In
the colic group, the level of Acinetobacter spp., Nocardia spp. and
Micromycetes spp. was significantly higher compared to healthy
people

Note: SCFAs — short-chain fatty acids; PCR — polymerase chain reaction.

MpumeyaHue: KLIXXK — KopoTkouenoueyHble XupHble Kucnotbl; MLUP — nonnmepasHana uenHaa peakyums.
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crying duration in infants up to 3-4 months of
age. These microorganisms include the family
of gram-negative bacteria (Proteobacteria phy-
lum), among which Escherichia, Klebsiella, and
Proteobacteria species were predominant in stool
samples of infants with colic [39, 42, 45]. Along
with these microorganisms, Serratia, Yersinia, and
Vibrio species were found in children with colic
at the age of 2-4 weeks of life [42]. Two studies
revealed significant differences in the content of
Acinetobacter spp. [37, 42]. The first pathogenetic
mechanism in IC connected with the increased
content of Gram-negative opportunistic bacte-
ria is excessive gas production as a result of fer-
mentation of lactose, other carbohydrates and
proteins. The second possible mechanism is an
inflammatory response in the gut, which is trig-
gered by the lipopolysaccharide complex of the
outer envelope of Gram-negative bacteria result-
ing in increased production of pro-inflammatory
cytokines and chemokines. High levels of fecal
calprotectin and biomarkers of neutrophil infiltra-
tion in infants with colic evidence the above men-
tioned[22, 36]. Intestinal mucosa is more perme-
able due to inflammation which result in visceral
hypersensitivity with clinical manifestation of IC
symptoms. At the same time, Bifidobacterium and
Lactobacillus microorganisms have an inverse as-
sociation with colic symptoms in children during
the first 3 months of life [34, 36, 45]. The patho-
genetic mechanisms explaining the association of
these microorganisms with the reduction of colic
symptoms are the positive effects of Lactobacilli
and lactic acid bacteria on the epithelial function
of the intestinal mucosa, its barrier function and
intestinal kinetics. Additionally, specific strains
of Bifidobacterium and Lactobacillus have an an-
ti-inflammatory response as they have antago-
nistic effects against gas-producing bacteria in-
cluding Escherichia, Klebsiella and Enterobacter
strains [46].

Each factor influencing on the formation of
the intestinal microbiome (maternal microbiome
and health status, mother's use of medications,
type of delivery, condition of a child after birth,
type of infant feeding, use of antibacterial drugs
in a neanatal period) separately has no reliable
significance in IC genesis [40, 47-49]. At the same
time, it was proven that bacterial colonization
was associated with malabsorption of fats and
other nutrients due to immaturity of enterohe-
patic circulation of bile acids and salts [15, 24].
Microbiota produces local gut neurotransmit-
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ters (serotonin, gamma-aminobutyric acid, mela-
tonin, histamine, acetylcholine) and coordinates
local adaptive responses to stressors through the
system of neuroimmunoendocrine hierarchy. In
addition, the microbiota can alter brain physio-
logy through the production of a wide range of
cytokines, short-chain fatty acids, and increased
afferent nerve activity. This the way the microbi-
ota-brain axis works, and correspondingly plays a
role in the genesis of IC [35].

Lactose tolerance disorder is a physiologic
transient state in 3-4 months old infants, it often
causes infantile colic. The literature describes the
relationship between the severity of pain in infan-
tile colic and the amount of carbohydrate excre-
tion with feces in both breastfed and formula-fed
infants. Data show that 25% of infants develop
moderate to severe symptoms of colic dependent
on cow's milk protein [50-53].

Mothers’ conditions also contribute to pre-
disposition of infantile colic, among them: unfa-
vorable obstetric and gynecological history of the
mother, gestosis, hypodynamia during pregnan-
cy; nutritional disorders of the nursing mother
(consumption of fatty foods, foods that increase
flatulence, excessive amounts of cow's milk
and its products); bad habits (smoking, alcohol,
drugs); emotional stress in the family. Infants’ con-
tributions are prematurity; symptoms of post-hy-
poxic damage to the central nervous system; in-
fant temperament. Incorrect feeding technique
(swallowing air during feeding); force feeding;
overfeeding; feeding from two breasts, improper
preparation of nutritional formula (excessive or
insufficient dilution), lack of proper mother-child
interaction in the feeding situation also predis-
pose to the development of infant colic [1].

The classic picture of colic is a dyad — ex-
tremelly anxious parents and an infant with a per-
sistent, piercing cry that is audiologically distinct
from other infant cries [54]. Cry episodes are as-
sociated with hypertension, facial redness, pull-
ing the legs up to an abdomen, and flatulence.
Assessment of the infant during an episode of
colic may indicate that the infant is in moder-
ate to severe pain according to the FLACC scale
(Face, Legs, Activity, Cry, Consolability scale, a
measurement used to assess pain for children).
[55]. The crying starts and stops abruptly on its
own, i.e., the nature of the episodes is parox-
ysmal [55]. It is very difficult to calm the baby.
Typical crying of a baby with colic is presented
under the QR code.
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XA circadian rhythm of crying (or "crying
curve") with maximum intensity of crying and
restlessness in the afternoon is specific for IC. An
important characteristic of crying is its age-de-
pendent appearance and dynamics: it appears
from the 2nd week of life, peaks at 2-3 months
of age with6 then gradually decrease and disap-
pears by 4-5 months of age.

The presence of multifactorial pathogenesis
leads to difficulties in therapeutic approaches.
There are no international consensus documents,
and national guidelines compiled by experts from
the standpoint of evidence-based medicine are
available only in three countries: the UK, the USA,
and Ireland [56, 57]. An analysis of the recommen-
dations of these guidelines is presented in Table 2.

In Russia, infantile colic is described in the
National Guidelines for Pediatric Gastroenterology
[58]andinthe2022recommendationsofthe Society
of Pediatric Gastroenterologists, Hepatologists,
and Nutritionists on Functional Gastrointestinal
Tract Diseases [1, 59].

All domestic and foreign guidelines empha-
size the need for an individualized approach to
the treatment of IC in close cooperation with pa-
tient's parents. It is necessary to reassure parents
about the transient and benign nature of infan-
tile colic and favorable outcome, to inspire them
with confidence in the absence of severe disease
in the child. Changing family habits has positive
effects, it might be proposed to create a regime
of "feeding — activity — sleep"; maintain a posi-
tive relationship "child — mother / family". Timely
detection of maternal depression, cruel attitude
to the child, counseling parents about psycholog-
ical problems will avoid unwarranted diagnostic
intervention in children, as well as anxiety and in-
security in parents [1, 56-59].

Dietary correction measures are considered to
be effective as well6 omong them breastfeeding
support, assessment of breastfeeding technique
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and suckling efficiency. Most experts recommend
preserving natural feeding [1, 56-59]. A. Cohen
Engler (2012) indicated that exclusively breastfed
infants had significantly lower rates of colic epi-
sodes and tended to have longer nighttime sleep
in comparison with formula-fed infants [60]. The
authors of the study measured melatonin levels
in breast milk every 2 h during the day and found
its significant increase during the night hours. It is
now known that the circadian rhythm of melatonin
in infants is established by 3-5 months of life, and
regression of infantile colic is also noted around
this age [30]. It was also found that infants with in-
fantile colic had a statistically significant decrease
in the level of melatonin in the blood in the morn-
ing hours and later establishment of the circadi-
an rhythm of melatonin compared to the control
group. Itis possible that infantile colic may be asso-
ciated with desynchronization of the normal circa-
dian rhythm of melatonin, and breast milk, which
contains the highest melatonin levels at night, may
compensate a transient circadian rhythm defi-
ciency in infants [23]. In addition, night breast milk
probably exerts antispasmodic, antioxidant, an-
ti-inflammatory, and immunoregulatory effects on
intestinal wall permeability membrane and infant
microbiome development [23, 28, 61].

Currently, there are no united nutritional
recommendations for breastfeeding women.
According to recommendations of the Rome IV
criteria, elimination of cow's milk-based products
from the diet of breastfeeding women is recog-
nized as effective only in the presence of aller-
gy to cow's milk protein [62]. In all other cases,
a causal relationship between maternal diet and
colic has not been proven. A number of studies
recommend the use of a hypoallergenic diet (ex-
clusion of cow's milk, eggs, peanuts and other
nuts, wheat, soy and fish) and associate it with a
reduction of colic symptoms in children [63]. A
2012 systematic review identified 1 randomized
controlled trial in infants whose mothers followed
a diet with low big eight allergens during one
week. Questionnaires noted a reduction in crying
by 60 minutes over 48 h, however, mothers did
not report a subjective decrease of colic. In addi-
tion, only 60% of mothers in this study were able
to fully comply with the elimination diet, empha-
sizing the difficulty in implementing dietary re-
strictions [29, 63]. Based on the above mentioned,
most researchers believe that elimination diets
are not recommended for breastfeeding mothers
as a cure for infantile colic [1, 56-59].
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Table 2. Methods of treating colic from the point of view of evidence-based medicine
Tabnuua 2. MeTogbl neyeHns KoMK C TOYKN 3peHUA AoKa3aTeNlbHO MeAULVHbI
Ireland
UK, 2013, 2017 [56] / USA, 2015 !
oo e e/ senmobpmarun, | Gol/clin | 204151/
2013, 2017 [56] 2015 [56] 2014 [57]
KnnHnyeckasa oueHKa OTHOLLEHWIA MaTepy 1 pebeHKa / v v v
Clinical assessment of the mother-child relationship
NHbopmauma ons poautenen, COBeTbl, NoaaepKKa v v v
1 yBepeHHOCTb / Parenting information, advice, support
and reassurance
MpononeHre rpyaHOro BCkapMnmsaHuma / v v
Continued breastfeeding
Mopaudrkauma pauroHa matepu / X v
Modification of the mother's diet
CmeHa cmecy, ecniv pebeHOK BCKapMIMBAETCA CMEChIo X v
(+), ecnu He BblAABNIEHA anfieprus Ha MOoKo) /
Changing the formula if the baby is formula-fed
(+if an allergy to milk is not detected)
MpobroTtuyeckne nobasKu (++) MnageHuam, X v+ Ve
HaXOoAALWMMCS TONbKO Ha rPyAHOM BCKapMAMBaHuu) /
Probiotic supplements (++ breastfed-only infants)
CnmeTurKoH / Simethicone X X
TpaBaHble fobaBky (Hanpumep, peHxenb) / X X
Herbal supplements (such as fennel)
WNHrnbutopbl NPOTOHHOW NOMIMbl (HanpumMep, oMenpason, X
Jlocek) / Proton pump inhibitors (eg, omeprazole, Losec)
JlakTaza (Hanpumep, kannu Co-lief) / X
Lactase (eg Co-lief drops)
AHTUXONMHEpPrYecKue npenapaTbl (BKYas X
ONUMKNOMUH) /
Anticholinergic drugs (including dicyclomine)
Hetckunin maccax / Baby massage v
MaHyanbHas Tepanua (BKko4aa MaHUNYNALUN Ha X X
NMO3BOHOYHIKE U KpaHMasnbHYyto ocTeonaTtuio) /
Manual therapy (including spinal manipulation and cranial
osteopathy)
DuU3nYecKnii KOHTAKT (HanpyMep, yaepKaHue, v v
packaumBaHue) / Physical contact (eg, holding, rocking)
«benbii wym» / «White noise» v
KynaHwe / Bathing v
O6bmoTKa (neneHaxune) / Winding v
MeneHaHue / Swaddling X
AxkynyHkTypa / Acupuncture X
Pexxnm cHa / Sleeping mode

Note: / — recommended; v +— high level of evidence; X — not recommended; blank — not analyzed.

ﬂpumeanue: v — pPeKoOMeHO0BAHO; v/ +— BbICOKUI YpOBeHb OKa3aTeNbHOCTH, X — He peKomeH[0BaHo; nycrasa rpa¢a —
He aHanIn3npoBanocChb.



Children’s Medicine of the North-West
2024/Vol. 12 N2 1

According to systematic reviews, formula-fed
infants of the first 3 months of life suffering from
colic symptoms, are recommended to use partial-
ly hydrolyzed whey formulas with added prebio-
tics (oligosaccharides), formulas with reduced lac-
tose content and fat component [1, 56-59].

Probiotic therapy has the highest level of evi-
dent efficacy among other therapeutic strate-
gies in colic treatment [64-67]. Currently, the US
Food and Drug Administration (FDA) has given
probiotics a GRAS (Generally Recognized As Safe)
status, which means: recognized as safe by lea-
ding FDA experts [48]. Taking into account the
above mentioned pathogenetic mechanisms of
the relashionship between intestinal microflora
and IC, the correction of intestinal microbiome
seems promising in the point of reducing co-
lic symptoms. The efficacy of different strains of
Lactobacillus reuteri has been demonstrated in
naturally fed infants [23, 24, 66-68]. The factors
behind the effects of L. reuteri are studied well.
These are the ability to form biofilms; the resis-
tance of L. reuteri colonies to low pH and bile salts;
the ability of L. reuteri attach to mucin, intestinal
epithelium and intestinal epithelial cells; produc-
tion of metabolites with antimicrobial and immu-
nomodulatory effects, the most studied of which
is reuterin, which inhibits a wide range of micro-
organisms, mainly Gram-negative bacteria, while
the strains of L. reuteri show marked resistance
to reuterin. Some strains of L. reuteri, in addition
to reuterin, produce other antimicrobial substan-
ces: lactic acid, acetic acid, ethanol, reutericycline.
Therefore L. reuteri is effective against various
bacterial infections of the gastrointestinal tract:
Helicobacter pylori, E. coli, Clostridium difficile and
salmonellae. Moreover, L. reuteri produces metab-
olites with antiviral properties which are effective
against pneumoviruses, circoviruses, rotaviruses,
coxsackie viruses and papillomaviruses. In addi-
tion, there are reports that L. reuteri also stops the
growth and kills various Candida species; some
strains of L. reuteri inhibit the production of few
pro-inflammatory cytokines, affect immune cells,
produce folate and gamma-aminobutyric acid
(GABA), which determine its effect on visceral sen-
sitization [69].

It should be noted that the effects of different
L. reuteri strains are strain specific. The proven ef-
fects of some L. reuteri strains are summarized in
Table 3.

Placebo-controlled and comparative studies
demonstrate different results of colic treatment

ISSN 2221-2582

with L. reuteri probiotics, both positive and nega-
tive [75]. The data are summarized in Table 4.

In recent years, there has been increased interest
in the use of other probiotic strains for the treat-
ment of colic. The data are presented in Table 5.

Table 5 shows that Lactobacillus rhamnosus
GG (ATCC 53103), Bifidobacterium animalis sub-
sp. lactis, BB-12 and B. breve CECT7263 strains
demonstrated a good therapeutic effect in colicin
breastfed and formula-fed children. At the same
time, multistrain probiotics have been shown to
have synergistic effects that individual strains
cannot achieve independently. It is suggested
that multistrain probiotics may be effective in the
treatment of colic due to their synergistic effects
[88]. The data are summarized in Table 6.

Other pharmacologic agents that have been
traditionally recommended for the relief of colic
symptomsinclude simethicone, chamomile or fen-
nel-based phytosupplements, other carminative
and homeopathic preparations [4, 25, 92]. Most
randomized clinical trials indicate low efficacy of
these treatments. Concurrently, there is a lack of
standardization of some homeopathic remedies
consumption, as well as potential risks of unde-
sirable effects. Thus, these remedies do not allow
recommending most of them for the correction
of infantile colic [21, 25, 56, 57, 93]. In some ca-
ses prescribed antispasmodics, proton pump inhi-
bitors, and analgesics [3, 24, 66] have not proven
effectiveness as well [56, 57]. Data published on
lactase preparations for the treatment of colic is
conflicting. There is evidence based on the results
of randomized controlled trials (RCTs) showing
a decrease in crying time in infants with proven
lactose intolerance disorder when using lactase
preparations compared to placebo [64]. At the
same time, there are other RCTs indicating insuffi-
cient or weak effect of lactase preparations for re-
lief of colic symptoms in infants on different types
of feeding [65, 81]. It seems reasonable to recom-
mend the use of lactase preparations only in case
of proven lactase deficiency for 2 weeks. If there is
no effect during this period of time, lactase thera-
py must be canceled.

It should be noted that a number of manipu-
lations, such as infant massage, physical contact
(e.g., holding, rocking an infant), bathing, swad-
dling and listening to the "white noise" have an
evidence base for effectiveness agains colic [56,
57].The “white noise” is a background sound that
contains frequencies of the entire sound range,
from 20 to 20,000 Hz, it is similar with the sounds
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Table 3. Proven effects of different strains of L. reuteri

Ta6nunua 3. [lokasaHHble 3$pPeKTbl Pas3nnNUHbIX LUITAMMOB L. reuteri

AsTop / Author

LTtamm / Strain

dddekTbl / Effects

Garcia Rode-
nas C.L., 2016 [70]

L. reuteri DSM 17938

CHIVXKeHMe KoNnyecTBa SHTepobaKTepuii 1 NoBblLLEHVE YACa
6upunaobakTepun y getem, poxKAeHHbIX MyTem KecapeBa CeyeHus,
T.e. MOAYNIMPOBAJIO pa3BUTME KALLIEYHON MUKPOOMOTbI / A decrease
in the number of enterobacteria and an increase in the number of
bifidobacteria in children born by cesarean section, i.e. modulated
the development of intestinal microbiota

Savino et al.,
2015 [53]

L. reuteri DSM 17938

CHVXXeHVie KONMYeCTBa aHa3POBHbIX FPamMOTPULLATENBHbIX

W YBENMYEHNE KONTMYEeCTBa MPaMmoNoXUTENbHbIX 6akTepuii

B KULLEYHOI MUKPOOMOTE, TOrAia Kak COAepKaHme sHTepobakTepuii
1 SHTEPOKOKKOB B 3HAUUTENbHO CTeneHu cHuKeHo / A decrease in
the number of anaerobic gram-negative and an increase in the num-
ber of gram-positive bacteria in the intestinal microbiota, while the
content of enterobacteria and enterococci decreased significantly

Martoni C.J.,
2015 [71]

L. reuteri NCIMB
30242

YBenuunsaeT cooTHoweHwue Firmicutes n Bacteroidetes /Increases the
ratio of Firmicutes to Bacteroidetes

Savino F., 2009
[39]

L. reuteri DSM 17938

YBenuuyeHne KonnyecTsa aktobauymnn n ymeHolueHue E. coli B
dekanbHom MukpobuoTe / Increase in the number of lactobacilli and
decrease in E. coliin the fecal microbiota

Savino et al.,
2019 [72]

L. reuteri DSM 17938

CHuxaeT BocnpuATre 60y ABYMSA NYTAMU: Yepes NepexoaHbIi
peLenToOPHbI NOTeHUMan — BaHWNOUAHBIN KaHan 1, BNvAA Ha
Kanuii3aBrCMyHo aKTUBHOCTb KaslbLIMEBbIX KaHAMOB 1 CHUXKeHWe
BbI3BaHHbIX KancauuyHOM 1 pacTsKeHeM NOTEHLUANoB AeNCTBIA
CNMHHOMO3roBbIX HepBOB / Reduces pain perception in two ways:
through transient receptor potential — vanilloid channel 1, influencing
potassium-dependent calcium channel activity and reducing capsaicin-
and stretch-induced action potentials of spinal nerves

Hojsak I., 2019

L. reuteri DSM 17938

CHukeHMe ypoBHA pekanbHOro kanbnpotekTnHa / Decrease in fecal

[73] calprotectin levels

Pour- L. reuteri LR92 BblgenAaeT yKCyCHyI0 KUCNOTY, KOTopas cHuxaeT pH in vivo n
mirzaiee M.A., (DSM 26866) OKa3blBaeT BblpaXXeHHOe aHT1bOaKTepuanbHoe feiCcTBrE Ha MHOTMe
2020 [74] naToreHbl U peyTepuH, CNOCOOHbIV BbI3BAaTb OKUC/TUTESIbHbIN

CTpecc y naTtoreHoB 1 3¢PpeKTUBHO NpefynpexaaTb pa3BuTre
BOCNanuTenbHon peakuum / Produces acetic acid, which lowers pH in
vivo and has a pronounced antibacterial effect on many pathogens
and reuterin, which can cause oxidative stress in pathogens and
effectively prevent the development of an inflammatory response

Hosukosa B.I.,
2023 [371/
Novikova V.P,,
2023 [371/

L. reuteri DSM 17938

B rpynne geten, nonyuasLwuux L. reuteri, 3Ha4MMO CHU>KaNCA ypoBeHb
Bacillus megaterium, Bacteroides fragilis n Prevotella ruminicola.
CHuKeHe ypoBHA 30HynMHa / In the group of children receiving

L. reuteri, the level of Bacillus megaterium, Bacteroides fragilis and Pre-
votella ruminicola decreased significantly. Decreased zonulin levels

Table 4. Results of placebo-controlled and comparative studies of treatment of colic with L. reuteri probiotics

Tabnuua 4. Pe3synbraTbl MNaue6OKOHTPONMPYEMbIX U CPaBHUTENbHbIX WCCIeNOBaHWIA JieYeHUs KoUK
npo6uoTnkamu L. reuteri

AsTop / Author

LItamm / Strain

| SdbodekTbl / Effects

JleueHue s¢ppekmusHo / Treatment is effective

Savino F,, 2007 [76]

L. reuteri ATCC 55730

CHKeHVe 6eCroKoCTBa U NPOJOMKUTENBHOCTY KpUKa /
Reduced anxiety and cry duration

Szajewska H. et al.,
2013 [77]

L. reuteri DSM 17938

CHKeHne 6eCnoKONCTBa U MPOAOIKUTENBHOCTY KPUKA
B cpaBHeHuK ¢ nnaue6o / Reduction in anxiety and cry duration
compared to placebo
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Ending of the table 4 / OkoH4aHue mab6. 4

AsTop / Author

LLItamm / Strain

dddekTbl / Effects

ChauK.etal., 2015
[78]

L. reuteri DSM 17938

CHW>KeHne 6eCrnoKoNCTBa U NPOJONIXKNUTENIbHOCTY KprKa /
Reduced anxiety and cry duration

Mi G.L. et al.,, 2015
[79]

L. reuteri DSM 17938

CHW>KeHne 6eCrnoKoNCTBa U NPOJOIXKUTENIbHOCTY KprKa /
Reduced anxiety and cry duration

Tatari M. et al., 2017
[80]

L. reuteri DSM 17938

CHW>KeHne 6eCcrnoKoNCTBa U NPOAOIIXKNTENIbHOCTM KprKa /
Reduced anxiety and cry duration

DrylR., 2018 [81]

L. reuteri DSM 17938

MonoXnTenbHbIN NeuyebHbI 1 NPOPUNAKTUYECKIN 3ddeKT
WCKJTIOUUTENBHO Y AeTel Ha TPYAHOM BCKapMauBaHum (21—

28 pHen) / Positive therapeutic and preventive effect exclusively
in breastfed children (21-28 days)

Novikova V.P,, 2023
[37]1/ HoBukosa B.I1.,
2023 [37]

L. reuteri DSM 17938

MonoXnTenbHbIN NeuyebHbI 1 NPodUnakTMyecknin 3¢pdeKT B BUaE
CHMKEHUA Nnavya MmeHee 1 yaca K 10-My AHIO neyeHunn y aeten,
He3aBUCKMO OT BuJa BCKapmnusaHus / Positive therapeutic and
preventive effect in the form of reduced crying for less than 1 hour
by the 10th day of treatment in children, regardless of the type of
feeding

JleueHue HeaghpekmusHo / Treatment is ineffective

SungV.etal., 2014 [82]

L. reuteri DSM 17938

HeT pasnunuuni c rpynnoii nnaue6o / No difference with placebo group

Fatheree N.Y. et al.,
2017 [83]

L. reuteri DSM 17938

MpW NCKYCCTBEHHOM BCKapMIMBaHWM He 6blfo MoyYeHo
nonoxuTenbHoro pesynbstata / No positive results were obtained
with artificial feeding

Dryl R., 2018 [81]

L. reuteri DSM 17938

Mpwy NCKYCCTBEHHOM BCKapMIIMBaHMM He Bblf1o NoslyyeHo
nonoxwuresibHoro pesynsrtata / No positive results were obtained with
artificial feeding

Table 5. Results of placebo-controlled studies of the treatment of colic with different single-strain probiotics

Ta6nmua 5. Pe3yanaTb| I'IHaLI,EGOKOHTpOHVIpyeMbIX nccnefoBaHUN NleyeHusa KonuK pa3HbiMA MOHOLWWTaM-
MoOBbIMN npOﬁI/IOTI/IKaMI/I

AsTop / Author

LWtamm / Strain

KnuHnyeckun sd ekt /
Clinical effect

MaToreHeTUYECKUIN MeXaHn3m /
Pathogenetic mechanism

Savino F. et al., 2020
[45]

Lactobacillus rhamnosus
GG (ATCC 53103)

3HaunTenbHoe
CHVXeHwue nnava / Signif-
icant reduction in crying

Habntoganock 3HaunTenbHoe
yBe/yeHvie obLLero KonmuecTsa
6GaKTepuin B 0bpasLax

kana (Lactobacillus spp.)
3HAUUTENIbHOE CHIPKEHME YPOBHSA
KanbnpoTeKTrHa / There was a
significant increase in total bacte-
rial counts in stool samples (Lac-
tobacillus spp.) and a significant
decrease in calprotectin levels

Xinias |. et al., 2017 [84]

Bifidobacterium animalis
subsp. lactis, BB-12

3HaunTenbHoe
CHUXKeHVe BpeMeH!
nnava, noBblLeHne
KauyecTBa XWU3HW ceMbu /
Significant reduction in
crying time, improved
family quality of life

He n3yuanca / Not studied

Nocerino R. et al.,
2020 [85]

Bifidobacterium animalis
subsp. lactis, BB-12

3HauuTenbHoe
CHUXKEHVEe BpeMeHM
nnava / Significant re-
duction in crying time

[locToBepHOe yBenmueHve
HBD-2, LL-37, sIgA n 6yTrpata 1
CHUKeHMe KanbnpoTteKkTuHa / Sig-
nificant increase in HBD-2, LL-37,
slgA and butyrate and decrease in
calprotectin
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Ending of the table 5 / OkoH4aHue mabn. 5

AsTtop / Author

LUtamm / Strain

KnuHunueckmnin appekT /
Clinical effect

MaToreHeTMYeCKUN MexaHnsm /
Pathogenetic mechanism

Chen K. et al., 2021 [86]

Bifidobacterium animalis
subsp. lactis, BB-12

3HaunTenbHoe
CHUXKEHUe BpeMeHH
nnayva / Significant re-
duction in crying time

YBenunueHue slgA, bytupara

B KOHLIe 21-gHEeBHOro
BMELLATENbCTBA, yBENnYeHne
KanbnpoTeKTnHa
B-nedeH3nHa-2 1 KaTenuuuanHa
/Increase in slgA, butyrate at
the end of the 21-day interven-
tion, increase in calprotectin
B-defensin-2 and cathelicidin

2020 [87]

Suanes-Cabello S.,

B. breve CECT7263

Bonbluan appeKTUBHOCTL
B COKpaALLEHN
€Xe[JHEBHOTO BPeMeHU
nnavay aeten Ha rpyaHoMm
1 VICKYCCTBEHHOM
BCKapM/IMBaHUI, YeM

B KOHTpone / Greater
effectiveness in reduc-
ing daily crying time in
breastfed and bottle-fed
children than in controls

NHrubmnposaHme pocta
Enterobacteriaceae spp.,
npoTMBOBOCNaNUTENIbHOE
nencteue / Inhibition of the
growth of Enterobacteriaceae
spp., anti-inflammatory effect

Table 6. Results of placebo-controlled and comparative studies of the treatment of colic with different multi-

strain probiotics

Ta6nuua 6. PesynbTaTbl N1aLe60KOHTPONNPYEMBIX U CPaBHUTESIbHbIX UCCNIeA0BaHUIA IeYeHNA KONUK pa3HbIMU
MYNbTULUITAaMMOBbIMU NPO6MOTKaMM

etal, 2018 [89]

L. reuteri 12246 + dpyKTO-
onurocaxapug n ButamuH Dy

ABTOpbI / CocTaB NpobroTHNKOB / - .
Authors Composition of probiotics KnuHnueckas adpdektusHocTs / Clinical effectiveness
Gerasimov L. rhamnosus 19070-2 + 3HaunTenbHasA pasHuULA B CpefHEeM BpeMeHN Niada Mexay

NPOGVOTUKOM 1 KOHTponbHOW rpynnoit / Significant difference in
mean crying time between probiotic and control group

Baldassarre
et al.,, 2018 [90]

L. paracasei DSM 24733,

L. plantarum DSM 24730,

L. acidophilus DSM 24735

L. delbrueckii subsp. bulgaricus DSM
24734),

B. longum DSM 24736,

B. breve DSM 24732

B. infantis DSM 24737)

Streptococcus thermophilus DSM 24731

CTaTMCTNYECKM 3HAUMMOE CHIMXKEHMEe KONnMYeCcTBa MWHYT Nnjiavya B

L€Hb.

He3sHauuTenbHan pasHuLa B 06LLeM KoNM4ecTBe MPO6NOTUYECKIX
6akTepuin, nakTobaumnn n budmaodbakTepuin boina obHapykeHa
MexAy rpynnamu BMellaTenbcTaa v nnawe6o /

A non-significant difference in the total counts of probiotic bacteria,
lactobacilli and bifidobacteria was found between the intervention

and placebo groups

Chenetal.,, Bifidobacterium longum CECT7894 + | 3HaunTenbHOE COKpaLLEeHVie BPEMEHM Mada B rpynre BMeLLaTeNbCcTBa

2021 [86] Pediococcus pentosaceus CECT8330 | v ynyulueHue KOHccTeHUMK cTyna / Significant reduction in crying
time in the intervention group and improvement in stool consistency

Asto E.etal., B. longum KABP042 + YMeHbLUeHe TAXKeCTN CUMNTOMOB Y MNaAeHLEB, CTPagaloLLmX

2022 [91] P. pentosaceus KABP041 KONMMKaMu 1/vnu 3arnopom Ha rpyAHOM U NCKYCCTBEHHOM
BCKapmnvBaHuu / Reducing the severity of symptoms in breastfed
and formula-fed infants with colic and/or constipation

Novikova V. P. Lactobacillus casei PXN 37, Lac- KynunpoBaHune Konvk K 6-My AHIO, UTO paHblLLe, YeM Npu

2023 [371/ tobacillus rhamnosus PXN 54, ncnonb3oBaHuu L. reuteri DSM 17938 (10-14 A€Hb) U CUMMTOMATUYECKOM

HosukoBa B.I., | Streptococcus thermophilus PXN Tepanuu (12-1 geHb). YBenuueHve ypoBHs dekanbHOro 30HyNMHa Ha

2023 [37]/ 66, Lactobacillus acidophilus 44%, uto bonblUe, YeM NpwY Ucnonb3oBaHuu L. reuteri DSM 17938 (40%)

PXN 35, Bifidobacterium breve
PXN 25, Bifido bacterium infantis
PXN 27, Bifidobacterium long-
um PXN 30; n npebrotuk: ®OC
(ppyKTOONUrocaxapupbl)

1 cMMToMaTYecko Tepanuu (10%). YBennueHme KonmyecTsa Takmx
JOOMVIHVPYIOLLMX NPEeACTaBUTENel MUKPOOKOTbI, KaK 3ybakTepuu

n nponnoHobakTepun / Relief of colic by day 6, which is earlier than
when using L. reuteri DSM 17938 (day 10) and symptomatic therapy
(day 12). Increase in fecal zonulin levels by 44%, which is greater than
with the use of L. reuteri DSM 17938 (40%) and symptomatic therapy
(10%). An increase in the number of such dominant representatives
of the microbiota as eubacteria and propionobacteria
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Het/No
¢ .

HactopaxusatoLume 3Haku? /

PBota / Vomit.

» [unapes/sanop / Diarrhea/

HacTopaxwusaroLne 3Hakn? / Warning signs?

 Bbirn6anue cnuHel (cungpom Cangudepa) /
Arched back (Sandifer syndrome).

Warning signs? « JKenygo4Ho-KILLIEYHOE KPOBOTEYeHe / KoHcynbTauus
* Hactble cpbirvBanua / Frequent Gastrointestinal bleeding. >/ 12/ Yes cneumanucra /
regurgitation. « OcTaHoBKa Npu6aBKM Macchl Tena / Consultation
* PecnupatopHble CuHAPOMbI / Stopping weight gain. specialist
Respiratory symptoms. . - BapyTue xusota/meTeopuam /
« Artonuyecknit gepmarut / Atopic Bloating/flatulence.
dermatitis. « [lpu3Hakm fpyroii opraHM4ecKoi natonorum /

Signs of other organic pathology

constipation.
« (CemeitHbIl anneproaHamHes /

Family allergy history.
+ CoMISS>12

\ 4

Het / No

HacTtopaxwuBatoLime 3Haku? /
Warning signs?

\4

v

[a/Yes

v

» becnokoiictBo poauTenei /
Parents' concerns.

- [lenpeccus y pogutenen /
Depression in parents.

« (OTCyTCTBME B3aNMOCBA3N

When breastfeeding, follow a diet without cow's milk.

« [pu KOPMNEHUM FPYabI0 COONIOATL ANETY 663 KOPOBbLEro MOJoKa /

 Cmecw Ha ocHoBe rny6okoro rugponnsa / Mixtures based on deep

matb—pauta / Lack of mother—
child relationship.
« JKecTokoe obpatleHue

hydrolysis ¢ pebeHkom / Child abuse
¢ KoHcynbTaums ¢ ¢
g | cneunanucra/
? ? > >
VYnyywenue? / Improvement? Het/No Consultation —>| [a/Yes | Het /No
v specialist v
Na/Yes « [ogaepxuBatoLasn
Tepanvs / Maintenance Noanepaxka, paccMoTpeTh

therapy.
« Habniogatb 3a
Te4yeHnem annepruu /

Ha3HayeHue NpobuoTrKa
L. reuteri / Support,
consider prescribing a

Monitor the course of frc;gi,(;gf/
allergies . )
Fig. 1.  Algorithm for diagnosing and treating colic (Vandenplas Y., 2016)
Puc. 1. Anroputm gmuarHoctvku u nevenns konuk (Vandenplas Y., 2016)

that the fetus hear in the womb hence it has a
positive effect on the duration of crying and sleep
in infants. However, there are limited studies that
compare different treatments [37, 93].

Currently, the algorithm for diagnosis and
treatment of colic proposed by ESPHAN (The
European Society for Paediatric Gastroenterology
Hepatology and Nutrition) experts in 2016 is gen-
erally accepted (Figure 1) [94].

Thus, infantile colic is a transient functional
condition in children of the first 4-5 months of
life that resolves on its own. However, it should
always be remembered that serious patholog-
ic conditions (gastrointestinal manifestations of
food allergy, metabolic disorders, infectious pro-
cesses, etc.) may hide under the mask of infan-
tile colic, which requires differential diagnosis.
Correction of IC symptoms is primarily based on
psychological support of a family. With regard to
breast-fed infants, breastfeeding support is man-

datory, as well as the use of probiotics with prov-
en anti-colic properties (Lactobacillus reuteri DSM
17938). Mothers are recommened to correct diet
if food intolerance is suspected. In case an infant
under 3 months old suffers from infantile colic,
when breastfeeding is not feasible, it is preferable
to use partially hydrolyzed whey formula with re-
duced lactose content and enriched with prebiot-
ics. Additional, well-organized studies comparing
different therapeutic strategies for colic are need-
ed to develop optimal therapeutic approaches.
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AONOJIHUTEJIbBHAA UHOOPMALINA

Bknapg aBTopoB. Bce aBTOpbl BHeCnn cylue-
CTBEHHbIV BKNaj B pa3paboTKy KOHLenuuu, npo-
BeeHNe WCC/Ie[OBaHUA 1 MOATOTOBKY CTaTby,
npounun 1 opobpunn GrHaNbHY Bepcuio nepeq
nyénukaymen.

KoH}nuKT nHtepecoB. ABTOPbI AEKTapUpyIoT
OTCYTCTBUE ABHbIX Y MOTEHLUUANbHbIX KOHPNINKTOB
NHTEepPecoB, CBA3aHHbIX C NybnuKauuen HacToA-
Lien ctaTbu.

UcTtouHuk ¢puHaHcmpoBaHMA. ABTOpbI 3asB-
NAT 06 OTCYTCTBMY BHELWHEro GrHAHCMPOBaHMSA
npv NpPoBeAeHNN NccnefoBaHUs.
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