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Резюме. Статус «пробиотик» присваивается тем микроорганизмам, которые считаются безопасными и со-
ответствуют определенным критериям. Lactobacillus reuteri DSM 17938 (L. reuteri) — хорошо изученная бак-
терия, способная колонизировать у людей различные участки тела. Штамм, который используется сегодня, 
L. reuteri DSM 17938, недавно переименованный в Limosilactobacillus reuteri (L. reuteri), является пробиоти-
ком, хорошо идентифицированным по его благотворному влиянию на некоторые желудочно-кишечные 
заболевания. Пробиотический эффект L. reuteri обусловлен целым комплексом особенных свойств. L. reuteri 
способен влиять на биоразнообразие, состав и метаболическую функцию микробиоты кишечника, поло-
сти рта и влагалища. Эти эффекты в значительной степени штаммоспецифичны. Основной терапевтиче-
ской мишенью воздействия L. reuteri являются младенческие колики. У младенцев, помимо купирования 
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Abstract. Probiotic status is given to microorganisms that are considered safe and meet certain criteria. 
Lactobacillus reuteri DSM 17938 (L. reuteri) is a well-studied bacterium that can colonize various parts of the body 
in humans. The strain in use today, L. reuteri DSM 17938, recently renamed Limosilactobacillus reuteri (L. reuteri), 
is a probiotic well identifi ed for its benefi cial eff ects on several gastrointestinal diseases. The probiotic eff ect of 
L. reuteri is due to a whole range of special properties. L. reuteri is able to infl uence the biodiversity, composition 
and metabolic function of the gut, oral and vaginal microbiota. These eff ects are largely strain-specifi c. The 
main therapeutic target of L. reuteri is infantile colic. In infants, in addition to relieving colic and modulating 
the intestinal microbiota, L. reuteri is able to enhance the mucosal barrier function, which is necessary to block 
the entry of external antigens and toxins. Literature data indicate the eff ectiveness of L. reuteri in acute watery 
diarrhea, against H. pylori and other diseases: atopic dermatitis, obesity, caries, autism spectrum disorders, 
autoimmune diseases, incl. infl ammatory bowel disease and systemic lupus erythematosus, etc. The safety and 
tolerability of L. reuteri has been proven by numerous clinical studies. There are several strains of L. reuteri with 
diff erent origins and many of the probiotic functions of L. reuteri are strain dependent. Therefore, in the future, it 
may be advantageous to combine diff erent strains of L. reuteri in order to maximize their benefi cial eff ects.
Key words: probiotic; L. reuteri; Limosilactobacillus reuteri; infant colic 
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Lactobacillus reuteri DSM 17938 (L. reuteri) is a 
well-studied bacterium capable of colonising a 
wide range of vertebrates, including pigs, rodents 
and chickens. Evolution has adapted the bacteri-
um to a large number of mammals [1]. In humans, 
L. reuteri is found in various body sites including 
the gastrointestinal tract, urinary tract, skin and 
breast milk [2, 3]. L. reuteri was fi rst described in 
1962 as a heterofermentative species that grows 
in oxygen-limited atmospheres and colonises the 
proximal gastrointestinal tract of humans and ani-
mals [17]. Around 1990, the probiotic properties 
of the parent strain of L. reuteri, ATCC 55730, were 
clinically proven [5]. After deletion of gene-bearing 
antibiotic resistance plasmids from Lactobacillus 
reuteri ATCC 55 730, the strain used today, L. reu-
teri DSM 17938, was generated [6]. It belongs to 
the genus Lactobacillus, which includes many other 
Gram-positive oxygen-resistant fermentative bac-
teria such as L. acidophilus, L. bulgaricus, L. casei 
and L. rhamnosus [7]. Lactobacillus reuteri DSM 
17938, recently renamed Limosilactobacillus reu-
teri (L. reuteri), is a probiotic well identifi ed for its 
benefi cial eff ects on several gastrointestinal di-
seases [2, 4, 8–10].

The probiotic eff ect of L. reuteri is due to a 
whole complex of special properties. Due to its 
ability to form biofi lms [4, 11], L. reuteri colonies 
are resistant to low pH values and bile salts [12]. 
L.  reuteri has been shown to be able to attach to 
mucin, intestinal epithelium, and intestinal epithe-
lial cells in a number of vertebrates [13]. The adhe-
sion mechanism is thought to be due to the bin-
ding of bacterial surface molecules to the mucus 
layer. Mucus-binding proteins (MUBs) and MUB-
like proteins encoded by Lactobacillales-specifi c 
clusters of protein encoding genes act as adhesins 
[14]. The considerable diversity of MUBs among 
L. reuteri strains and diff erences in the number of 
MUBs on the cell surface correlate with their abi-
lity to bind mucus [15]. The strain-specifi c role of 
MUBs in the recognition of mucus elements and/

or their ability to stimulate aggregation may ex-
plain the contribution of MUBs to L. reuteri adhe-
sion. Factors that mediate attachment to surfaces 
include many large surface proteins, MUB A, glu-
cosyltransferase A (GtfA) and inulosucrase (Inu) 
and D-alanyl ester [2]. The relationship between 
bacterial adhesion to the epithelium of the host 
gastrointestinal tract and the ability of bacteria to 
form biofi lms has been studied. Numerous expe-
riments in vitro and on diff erent animals, including 
microbe-free rodents, have shown that biofi lm for-
mation of L. reuteri strains depends on the origin 
of the host strains. For example, biofi lm forma-
tion of L. reuteri TMW1.106 is associated with GtfA 
and Inu molecules [16]; L. reuteri 70902 and the 
secA2-SecY2 system were key factors regulating 
biofi lm formation from L. reuteri 100–23 in germ-
free mice [17]; the bfrKRT and cemAKR two-com-
ponent systems are associated with biofi lm forma-
tion of L. reuteri 100–23 [18]; L. reuteri RC-14 is able 
to penetrate into the mature biofi lm of E. coli and 
become part of it [19].

The probiotic potential of L. reuteri is also as-
sociated with the production of their metabolites 
with antimicrobial and immunomodulatory ef-
fects [2]. The most studied is reuterin, which is a 
mixture of diff erent forms of 3-hydroxypropionic 
aldehyde (3-HPA) [20]. Most strains of L. reuteri can 
metabolise glycerol to form reuterin in a glycerol 
dehydratase dependent reaction mediated by co-
enzyme B12 [21, 22]. Some other bacteria can also 
produce 3-HPA [23], but only L. reuteri is capable 
of secreting it in signifi cant amounts above the 
bio energetic requirement [24]. An important com-
pound in the antimicrobial activity of reuterin is the 
acrolein-cytotoxic electrophile into which 3-HPA 
can be spontaneously converted. Conjugation of 
heterocyclic amines also depends on the forma-
tion of acrolein [25]. Reuterin can inhibit a wide 
range of microorganisms, mainly Gram-negative 
bacteria, while L. reuteri strains themselves show 
pronounced resistance to reuterin [26]. 

колик и модуляции кишечной микробиоты, L. reuteri способны усиливать барьерную функцию слизистой 
оболочки, которая необходима для блокирования проникновения внешних антигенов и токсинов. Ли-
тературные данные свидетельствуют об эффективности L. reuteri при острой водянистой диарее, про-
тив H. pylori и при других заболеваниях: атопическом дерматите, ожирении, при кариесе, расстройствах 
аутистического спектра, аутоиммунных заболеваниях, в том числе воспалительных заболеваниях ки-
шечника и системной красной волчанке и др. Безопасность и переносимость L. reuteri доказана много-
численными клиническими исследованиями. Существует несколько штаммов L. reuteri с различным про-
исхождением, и многие из пробиотических функций L. reuteri зависят от штамма. И поэтому в будущем, 
возможно, может быть выгодно комбинировать различные штаммы L. reuteri, чтобы максимизировать их 
полезные эффекты.
Ключевые слова: пробиотик; L. reuteri; Limosilactobacillus reuteri; младенческие колики
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Some strains of L. reuteri, in addition to reute-
rin, produce other antimicrobial substances: a lac-
tic acid, an acetic acid, an ethanol, and a reutericy-
cline [21]. Due to the synthesis of these substances, 
L. reuteri is eff ective against various bacterial in-
fections of the gastrointestinal tract: Helicobacter 
pylori, E. coli, Clostridium diffi  cile and Salmonella 
[27–30]. In addition, due to metabolites having 
antiviral properties, L. reuteri is eff ective against 
pneumoviruses, circoviruses, rotaviruses, coxsac-
kie viruses and papillomaviruses [31–34]. There 
are reports that L. reuteri also stops the growth and 
kills various Candida species [35].

Some strains of L. reuteri (for example, the hu-
man commensal bacterium L . reuteri 6475) con-
vert the amino acid L-histidine into histamine 
[36], which suppresses tumour necrosis factor 
(TNF) production from stimulated human mono-
cytes by activating histamine H2-receptors, in-
creasing intracellular cAMP and protein kinase A, 
and inhi biting MEK/ERK signal transduction [37]. 
Numerous experimental studies demonstrate the 
involvement of histamine in suppressing intestinal 
infl ammation in mouse models of colitis [38, 39]. 

Tryptophan catabolites of L. reuteri have been 
recognised as ligands for the aryl hydrocarbon re-
ceptor (AhR). By activating AhR, L. reuteri can sti-
mulate local production of IL-22 from innate lym-
phoid cells (ILCS) and induce the development of 
regulatory  CD4+CD8aa+ double-positive intraepi-
thelial lymphocytes [50, 51]. Given that AhR is ex-
pressed ubiquitously, L. reuteri and its metabolites 
may aff ect many other immune cell types besides 
ILCs and T cells [52].

Four strains of L. reuteri of diff erent origins have 
been detected, among which the most studied are 
L.  reuteri CRL1098 and L. reuteri JCM1112, which 
are capable of producing diff erent types of vita-
mins, including vitamin B12 (cobalamin) and B9 (fo-
lic acid). Vitamin B12 is vital for the production of 
reuterin, as a B12-dependent coenzyme is required 
to reduce glycerol to 3 GPA [40–42]. 

L. reuteri can also produce gamma-aminobuty-
ric acid (GABA), the main inhibitory neurotransmit-
ter in the central nervous system [57]. It is possible 
that this accounts for the eff ect of the microorga-
nism on visceral sensitisation [58].

The exopolysaccharide (EPS) synthesised by 
the L. reuteri is important for biofi lm formation and 
adhesion of L. reuteri to epithelial surfaces [11]. 
Numerous experimental works on animals have 
shown that EPS can inhibit the adhesion of E . coli 
to epithelial cells [43, 44], inhibit gene expression 
of proinfl ammatory cytokines that are induced 
by E. coli infection, including IL-1β and IL-6, inhi-

bit the binding of enterotoxigenic E. coli to ani mal 
erythrocytes [45], and induce Foxp3+ regulatory T 
cells (Treg) in the spleen [46]. 

The property of L. reuteri to induce Treg is high-
ly strain dependent. L. reuteri ATCC PTA, 6475, 
L.  reuteri DSM 17938, L. reuteri 100–23, L. reuteri 
ATCC 23272, L. reuteri RC-14 have been described 
to mediate Treg cell induction in obesity, necroti-
sing enterocolitis, infl ammatory bowel disease 
(IBD), atopic dermatitis, systemic lupus erythema-
tosus, wound healing and other conditions [2]. In 
addition to acting on Treg cells, L. reuteri can sup-
press Th1/Th2 responses in Treg-defi cient mice 
[47]. Some strains of L. reuteri are able to reduce 
the production of many pro-infl ammatory cy-
tokines (MCP-1, TNF, IL-6, TNF, IL-22) [48, 49]. At 
the same time, studies investigating the eff ect of 
Lactobacillus reuteri on the levels of free secretory 
IgA (sIgA) in various tissues (blood, saliva, breast 
milk) give contradictory results, which is apparent-
ly due to the use of diff erent strains [53–56]. 

The immune system of humans and animals is 
closely interrelated with the intestinal microbiota 
[59]. It has been shown that disturbances of the 
microbiota can contribute to the development 
of diseases, and restoration of the microbiota 
prevents or improves the course of some diseas-
es [60]. L. reuteri is able to infl uence the biodiver-
sity, composition and metabolic function of the 
gut, oral and vaginal microbiota. These eff ects are 
largely strain specifi c [18, 61, 62]. In rodent models, 
L. reuteri DSM17938 was demonstrated to increase 
the number of Firmicutes types and the genera 
Lactobacillus and Oscilospira in the gut [47], while 
reducing multi-organ infl ammation; L. reuteri 6475 
resulted in increased microbiota biodiversity in 
both jejunum and ileum [63]; L. reuteri C10–2-1 
modulates the diversity of intestinal microbiota in 
ileum [53]. 

A number of researchers have studied the ef-
fect of L. reuteri DSM 17938 on the intestinal micro-
biota of infants. In one study, the administration 
of this strain to children aged 2 weeks to 4 months 
born by caesarean section reduced the number of 
enterobacteria and increased the number of bi-
fi dobacteria, that is, modulated the development 
of the intestinal microbiota in the direction of the 
composition of the microbiota found in infants 
born vaginally. At the same time, the structure of 
the intestinal microbiota of newborns born vagi-
nally remained unchanged after taking L. reuteri 
supplements. [62]. In a study made by Savino et al. 
(2015) administration of the same L. reuteri strain 
to infants resulted in a decrease in the number of 
anaerobic gram-negative and an increase in the 
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number of gram-positive bacteria in the intesti-
nal microbiota, while the content of enterobacte-
ria and enterococci was signifi cantly reduced [64]. 
The diff erences in the results of the two studies 
may be related to the diff erent ages of the sub-
jects, the duration of treatment, the method of ad-
ministration and dosage. 

The L. reuteri strain NCIMB 30242, which is ad-
ministered as delayed-release capsules for 4 weeks, 
increased the ratio of Firmicutes to Bacteroidetes in 
healthy adults [65]. The mechanism of modulation 
of the intestinal microbiota in them is associated 
with the ability of this strain to activate the hydro-
lase of bile salts and increase the content of cir-
culating bile acid in the blood [66]. Modulation of 
the intestinal microbiota using the L. reuteri DSM 
17938 strain was also performed in patients with 
type 2 diabetes mellitus and cystic fi brosis [2].

In addition to modulating the intestinal micro-
biota, L. reuteri is able to enhance the barrier func-
tion of the mucous membrane, which is necessary 
to block the penetration of external antigens and 
toxins [67]. It has been demonstrated in animal 
models that L. reuteri can reduce the movement 
of bacteria from the gastrointestinal tract to me-
senteric lymph nodes, increase the expression of 
dense compound proteins (TJ) in intestinal epi-
thelial cells, which suppresses the translocation of 
proinfl ammatory molecules such as LPS [68–70]. 
L. reuteri is able to reduce intestinal permeability in 
children with atopic dermatitis; at the same time, 
the clinical picture of the disease is signifi cantly 
improved [71]. 

In addition to infl uencing the gut microbio-
ta and intestinal permeability, L. reuteri can infl u-
ence the microbiota of other biotopes. The eff ects 
of two strains of L. reuteri — DSM 17938 and PTA 
5289 — on the microbiota of the oral cavity have 
been most studied: changes in the composition of 
the microbiota, reduction in the number of perio-
dontal pathogens in the sub-gingival microbiota 
[72]. There are studies demonstrating the positive 
eff ect of L. reuteri RC-14 on the vaginal microbio-
ta in postmenopausal women and in patients with 
bacterial vaginosis [73, 74].

Due to its pronounced modulating eff ects on 
the host microbiota and immune responses, and 
its good safety profi le, L. reuteri is a worthy candi-
date for the prevention and/or treatment of var-
ious diseases. The therapeutic potential of diff e-
rent strains of L. reuteri has been studied in various 
diseases and the results have been promising in 
many cases [2, 60].

The main therapeutic target of L. reuteri is in-
fantile colic [75]. Colic in infants is characterised 

by restlessness or excessive crying; it occurs in 
10–30% of cases. The exact cause and eff ective 
treatment of this condition remain unclear [76]. 
The clinical effi  cacy of L. reuteri DSM 17938 [77–81] 
and L. reuteri ATCC 55730 [86] in reducing restless-
ness and duration of crying has been demonstra-
ted in a large number of clinical trials. There are 
reports that the use of Lactobacillus reuteri DSM 
17938 has shown a positive therapeutic and pre-
ventive eff ect exclusively in breastfed infants (use 
for 21–28 days), whereas no positive result was ob-
tained with artifi cial feeding [82, 83]. This may be 
due to the fact that L. reuteri is found in the breast 
milk of most women [87]. F. Savino et al. noted an 
increase in the number of lactobacilli and a de-
crease in E. coli in the faecal microbiota against the 
background of L. reuteri  administration along with 
the clinical eff ect [81]. At the same time, there are 
studies that did not confi rm the eff ect of L. reuteri 
on the gut microbiota [84] and on the duration of 
crying in infants [85]. Since most clinical studies 
were successful, experts consider the clinical effi  -
cacy of L. reuteri DSM 17938 proven [88, 89]. The 
failure of some studies may be explained by diff e-
rences in the dosage of L. reuteri the age of the in-
fants when the studies were initiated, or the basic 
structure of the microbiota of the subjects.

The use of Lactobacillus reuteri DSM 17938 was 
eff ective in the prevention and treatment of re-
gurgitation in infants [77, 90], management of 
functional abdominal pain [91, 92], treatment of 
constipation in children and adults [10], and pre-
vention and treatment of diarrhea [10].

A considerable amount of work has been de-
voted to the study of the eff ectiveness of L. reu-
teri in constipation. The mechanism of action of 
L. reuteri effi  cacy is associated with its ability to 
produce short-chain fatty acids (SCFA), reduce in-
traluminal intestinal pH level and also contribute 
to colonic peristalsis by aff ecting the frequency 
and speed of its myoelectric cells [93]. Current evi-
dence suggests that L. reuteri improved defecation 
in patients (both children and adults) with chronic 
constipation [8, 9], but did not aff ect stool consis-
tency [93]. Kubota et al. [8] reported that L. reuteri 
administered to children with chronic constipa-
tion, twice daily for four weeks, induced changes 
in the composition of the intestinal microbiota (re-
duction of Clostridiales genera such as Oscillospira, 
Megasphaera and Ruminococcus), increasing intes-
tinal peristalsis and decreasing stool transit time, 
with signifi cant results at week four L. reuteri im-
proved stool frequency but not stool consisten-
cy [8]. Coccorullo et al. [94] proved that L. reuteri 
has  a  positive eff ect on functional constipation 
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in infants, improving the frequency of defecation 
at the 2nd, 4th and 8th weeks of administration. 
Indrio et al. [77] emphasised that L. reuteri reduced 
constipation during the fi rst three months of life. 
A number of researchers have reported the effi  ca-
cy of L. reuteri for constipation in adult patients [9, 
95–97]; The mechanism of positive action is attri-
buted to the reduction of methane (CH4) produc-
tion by intestinal micro biota (Methanobrevibacter 
smithii), modulation of serum levels of serotonin (5-
HT) and brain-derived neurotrophic factor (BDNF) 
by this probiotic strain, activation of aff erent sen-
sory nerves aff ecting intestinal motility, and in-
crease in excitability of myeenteric neurons due to 
the action on 5-HT pathways. At the same time, a 
number of studies have not observed a positive ef-
fect of L. reuteri in constipation in children [98] and 
adults [93], and no signifi cant changes in the mi-
crobiota and its relationships with the dynamics of 
constipation have been found [98]. According to 
experts, to recommend the inclusion of L. reuteri in 
constipation therapy protocols, additional studies 
are needed to investigate the effi  cacy of probio-
tics in constipation and the mechanisms by which 
L. reuteri modulates intestinal motility with eff ects 
on constipation in children and adults [99–101].

Literature data indicate the eff ectiveness of 
L. reuteri in acute watery diarrhea [36, 102–107, 
114, 115] and in the prevention of new episodes 
of diarrhea, including diarrhea after long-term 
antibiotic treatment [108, 109]. A.V. Shornikova 
et al. [110, 111] investigated the role of L. reuteri in 
acute watery diarrhea in children and in rotavirus 
gastroenteritis. In a randomised controlled clini-
cal trial involving 86 children aged 6 to 36 months 
with rotavirus enteritis, L. reuteri administration 
was shown to reduce the duration of acute watery 
diarrhea with a dose-dependent eff ect. The mean 
duration of acute watery diarrhoea was 1,5 days in 
the group dosed with 1010 colony forming units 
(CFU) of L. reuteri, 1,9 days in the group dosed 
with107 CFU of L. reuteri, and 2,5 days in the group 
receiving placebo. By the second day of L. reuteri 
treatment, acute watery diarrhea persisted among 
48% of people taking the high dose, 70% of peop-
le taking the low dose, and 80% of people trea-
ted with placebo. In another randomised place-
bo-controlled clinical trial [106], supplementation 
with L. reuteri at a dose of 4×108 CFU/day for 7 days 
was demonstrated to reduce the duration of acute 
watery diarrhoea in children aged 3  months to 
3  years, with a maximum eff ect on the second 
and third day, with no reported side eff ects. Other 
stu dies [107, 112] found that administration of 
5 drops containing 108 CFU of L.  reuteri could re-

duce the duration of acute watery diarrhoea by 
up to 15 h in children aged 3 months to 5 years. 
A meta-analysis including 1229 children receiving 
L. reuteri at a dosage of 108 CFU daily for 5–7 days 
demonstrated a reduction in the duration of diar-
rhoea by 1 day with a maximum benefi cial eff ect 
on the second day. Although the analysed stu-
dies were heterogeneous in duration and dosage 
of L.  reuteri the authors confi rmed the benefi cial 
eff ect of this probiotic in the treatment and pre-
vention of acute watery diarrhea [113]. Another re-
view and meta-analysis [116] of 4 studies compa-
ring the eff ects of L. reuteri at diff erent doses with 
placebo or no treatment on the duration of diar-
rhea and stool volume, on the course of diarrhea, 
on the duration of diarrhea of 7 days or less and 
on the duration of hospitalisation. It was observed 
that L. reuteri reduced the duration of diar rhea by 
about 21 hours and the duration of hospitalisation 
in children by about 13 hours. Thus, most authors 
believe that L.  reuteri may be a useful and safe, 
supportive measure for the treatment and preven-
tion of diarrhea, reducing both its duration and in-
tensity of symptoms [116].

L. reuteri strain DSM 17938 has been success-
fully used in preterm infants [117, 118]. Various 
 authors have found a reduction in food intole-
rance and length of hospital stay in infants, but 
one study noted no eff ect on the incidence of nec-
rotising enterocolitis (NEC) [118].

The use of L. reuteri strain DSM 122460 (from 
19070–2) for 6 weeks [119] and L. reuteri strain 
ATCC 55730 for 8 weeks [120] was eff ective in ato-
pic dermatitis. L. reuteri strain ATCC 55730 in in-
fants with a family history of allergies was eff ec-
tive in preventing IgE-associated eczema, but did 
not provide protection against the common oc-
currence of eczema [121] and had no eff ect on the 
prevalence of asthma, eczema or other allergic di-
seases later in life [122].

The potential of L. reuteri in the treatment of 
obesity is actively debated. It has been shown in 
experimental and clinical studies that depending 
on the strain, L. reuteri can have diff erent eff ects 
on body weight. For example, vancomycin-resis-
tant L. reuteri in the intestinal microbiota has been 
identifi ed as a predictor of increased body weight 
during vancomycin treatment [123]. In contrast, 
in a randomised, double-blind and placebo-cont-
rolled clinical trial, administration of L. reuteri 
JBD301 for 12 weeks signifi cantly reduced body 
weight in overweight adults [124]. Experts of the 
European Paediatric Society of Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), based on 
a review of a signifi cant number of studies, con-
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cluded that supplementation of infant formula 
with L. reuteri does not increase body weight in in-
fants [125].

The clinical effi  cacy of L. reuteri against H. pylori 
has been described in a number of studies.  It has 
been shown that adjuvant therapy with L. reuteri 
against antibiotics in eradication regimens can 
improve the tolerability of the regimens, reduce 
abdominal pain, diarrhoea, nausea, vomiting and 
abdominal bloating, restoring the balance of intes-
tinal microfl ora [30, 126]. Dore et al. [127] showed 
that L. reuteri prevents H. pylori colonisation of hu-
man intestinal mucosa by inhibiting the binding 
of H. pylori to glycolipid receptors. It also increases 
the production of mucin, reuterin and antioxidant 
substances, stabilises the mucosal barrier and stim-
ulates mucosal immunity [127, 128] with bene fi cial 
health eff ects in intestinal microbiota dys biosis af-
ter the use of antibio tics and antisecretory treat-
ments. A number of authors have noted that due 
to the above described properties, L. reuteri acce-
lerates the eradication of H. pylori [129–131].

Experimental and clinical studies of L. reuteri 
effi  cacy in caries, autism spectrum disorders, au-
toimmune diseases including infl ammatory bowel 
disease and systemic lupus erythematosus have 
been conducted [2].

In the last few decades, there has been a de-
cline in L. reuteri in humans, probably caused by 
modern lifestyles (antibiotic use, western diet, 
improved hygiene). This decline coincides with 
an increase in infl ammatory and autoimmune di-
seases over the same period. Although evidence 
is currently insuffi  cient to establish a correlation, it 
is possible that increased colonisation of L. reuteri 
may be a new and relatively safe strategy against 
infl ammatory diseases.

Conclusion. The safety and tolerability of 
L.  reuteri has been proven by a large number of 
clinical studies. There are several strains of L. reu-
teri with diff erent origins, and many of the probio-
tic functions of L. reuteri are strain dependent. And 
so in the future, it may be advantageous to com-
bine diff erent strains of L. reuteri to maximise their 
benefi cial eff ects.

ADDITIONAL INFORMATION
Author contribution. Thereby, all authors 

made a substantial contribution to the conception 
of the study, acquisition, analysis, interpretation of 
data for the work, drafting and revising the article, 
fi nal approval of the version to be published and 
agree to be accountable for all aspects of the study.

Competing interests. The authors declare that 
they have no competing interests.

Funding source. This study was not supported 
by any external sources of funding.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. Все авторы внесли суще-

ственный вклад в разработку концепции, про-
ведение исследования и подготовку статьи, 
прочли и одобрили финальную версию перед 
публикацией.

Конфликт интересов. Авторы декларируют 
отсутствие явных и потенциальных конфликтов 
интересов, связанных с публикацией настоя-
щей статьи.

Источник финансирования. Авторы заяв-
ляют об отсутствии внешнего финансирования 
при проведении исследования.

REFERENCES
1. Walter J., Britton R.A., Roos S. Host-microbial sym-

biosis in the vertebrate gastrointestinal tract and 
the Lactobacillus reuteri paradigm. Proc. Natl. 
Acad. Sci. U.S.A. 2011; 108(Suppl. 1): 4645–52. DOI: 
10.1073/pnas.1000099107.

2. Mu Q., Tavella V.J., Luo X.M. Role of Lactobacillus 
reuteri in Human Health and Diseases. Front Micro-
biol. 2018; 9: 757. DOI: 10.3389/fmicb.2018.00757.

3. Dedikova O.V., Kuchina A.Ye., Berezhnaya I.V., 
Zakharova I.N. L. reuteri DSM 17938: Ot istorii ot-
krytiya shtamma do poyavleniya dokazatel’nykh 
issledovaniy (shtammospetsifi chnosti). [L. Reuteri 
DSM 17938: From the history of the opening of 
the strain to the advent of evidence-based studies 
(strain)]. Meditsinskiy sovet. 2022; 16(12): 44–8. (In 
Russian).

4. Li F., Li X., Cheng C.C. et al. A phylogenomic ana-
lysis of Limosilactobacillus reuteri reveals ancient 
and stable evolutionary relationships with rodents 
and birds and zoonotic transmission to humans. 
BMC Biol. 2023; 21(1): 53. DOI: 10.1186/s12915-023-
01541-1.

5. Valeur N., Engel P., Carbajal N. et al. Colonization 
and Immunomodulation by Lactobacillus reuteri 
ATCC 55730 in the Human Gastrointestinal Tract. 
Appl. Environ. Microbiol. 2004; 70: 1176–81. DOI: 
10.1128/AEM.70.2.1176-1181.2004.

6. Rosander A., Connolly E., Roos S. Removal of 
antibio tic resistance gene-carrying plasmids from 
Lactobacillus reuteri ATCC 55730 and characteri-
zation of the resulting daughter strain, L. reuteri 
DSM 17938. Appl. Environ. Microbiol. 2008; 74: 
6032–40. DOI: 10.1128/AEM.00991-08. 

7. Duar R.M., Lin X.B., Zheng J. et al. Lifestyles in tran-
sition: Evolution and natural history of the genus 
Lactobacillus. FEMS Microbiol. Rev. 2017; 41: S27–
S48. DOI: 10.1093/femsre/fux030.



Children’s medicine of the North-West
2023 / Vol. 11 № 3

42 LECTURES

ISSN 2221-2582

8. Kubota M., Ito K., Tomimoto K., et al. Lactoba-
cillus reuteri DSM 17938 and Magnesium Oxide 
in Children with Functional Chronic Constipa-
tion: A  Double-Blind and Randomized Clini-
cal Trial. Nutrients. 2020; 12: 225. DOI: 10.3390/
nu12010225.

9. Ojetti V., Petruzziello C., Migneco A. et al. Eff ect 
of Lactobacillus reuteri (DSM 17938) on methane 
production in patients aff ected by functional con-
stipation: A retrospective study. Eur. Rev. Med. 
Pharmacol. Sci. 2017; 21: 1702–8.

10. Saviano A., Brigida M., Migneco A. et al. Lacto-
bacillus Reuteri DSM 17938 (Limosilactobacillus 
reuteri) in Diarrhea and Constipation: Two Sides 
of the Same Coin? Medicina (Kaunas). 2021; 57(7): 
643. DOI: 10.3390/medicina57070643.

11. Salas-Jara M.J., Ilabaca A., Vega M., Garcia A. Bio-
fi lm forming Lactobacillus: new challenges for the 
development of probiotics. Microorganisms. 2016; 
4: E35. DOI: 10.3390/microorganisms4030035.

12. Krumbeck J.A., Marsteller N.L., Frese S.A. et al. 
Cha racterization of the ecological role of genes 
mediating acid resistance in Lactobacillus reu-
teri during colonization of the gastrointestinal 
tract. Environ. Microbiol. 2016; 18: 2172–84. DOI: 
10.1111/1462-2920.13108.

13. Hou C., Zeng X., Yang F. et al. Study and use of the 
probiotic Lactobacillus reuteri in pigs: A review. 
J. Anim. Sci. Biotechnol. 2015; 6: 14. DOI: 10.1186/
s40104-015-0014-3.

14. Gunning A.P., Kavanaugh D., Thursby E. et al. Use 
of atomic force microscopy to study the mul-
ti-modular interaction of bacterial adhesins to mu-
cins. Int. J. Mol. Sci. 2016; 17: E1854. DOI: 10.3390/
ijms17111854.

15. Mackenzie D.A., Jeff ers F., Parker M. L. et al. 
Strain-specifi c diversity of mucus-binding pro-
teins in the adhesion and aggregation properties 
of Lactobacillus reuteri. Microbiology. 2010; 156(Pt 
11): 3368–78. DOI: 10.1099/mic.0.043265-0.

16. Walter J., Schwab C., Loach D.M., et al. Glucosyl-
transferase A (GtfA) and inulosucrase (Inu) of 
Lactobacillus reuteri TMW1.106 contribute to cell 
aggregation, in vitro biofi lm formation, and colo-
nization of the mouse gastrointestinal tract. Mi-
crobiology. 2008; 154(Pt 1): 72–80. DOI: 10.1099/
mic.0.2007/010637-0.

17. Frese S.A., Mackenzie D.A., Peterson D.A. et al. 
Molecular characterization of host-specifi c bio-
fi lm formation in a vertebrate gut symbiont. PLoS 
Genet. 2013; 9: e1004057. DOI: 10.1371/journal.
pgen.1004057.

18. Su M.S., Ganzle M.G. Novel two-component regu-
latory systems play a role in biofi lm formation of 
Lactobacillus reuteri rodent isolate 100-23. Micro-

biology. 2014; 160(Pt 4): 795–806. DOI: 10.1099/
mic.0.071399-0.

19. McMillan A., Dell M., Zellar M.P. et al. Disruption 
of urogenital biofi lms by lactobacilli. Colloids Surf. 
B Biointerfaces. 2011; 86: 58–64. DOI: 10.1016/j.col-
surfb.2011.03.016.

20. Talarico T.L., Dobrogosz W.J. Chemical charac-
terization of an antimicrobial substance pro-
duced by Lactobacillus reuteri. Antimicrob. 
Agents Che mother. 1989; 33: 674–9. DOI: 10.1128/
AAC.33.5.674.

21. Greifova G., Majekova H., Greif G., Body P., Greifo-
va M., Dubnickova M et al. Analysis of antimicro bial 
and immunomodulatory substances produced by 
heterofermentative Lactobacillus reuteri. Folia Mi-
crobiol. 2017; 62: 515–24. DOI: 10.1007/s12223-017-
0524-9.

22. Chen G., Chen J. A novel cell modification me-
thod used in biotransformation of glycerol to 
3-HPA by Lactobacillus reuteri. Appl. Micro biol. 
Biotechnol. 2013; 97: 4325–32. DOI: 10.1007/
s00253-013-4723-2.

23. Yang G., Tian J., Li J. Fermentation of 1,3-propa-
nediol by a lactate defi cient mutant of Klebsiella 
oxytoca under microaerobic conditions. Appl. 
Microbiol. Biotechnol. 2007; 73: 1017–24. DOI: 
10.1007/s00253-006-0563-7.

24. Stevens M.J., Vollenweider S., Meile L., Lacroix C. 
1,3-Propanediol dehydrogenases in Lactobacillus 
reuteri: impact on central metabolism and 3-hy-
droxypropionaldehyde production. Microb. Cell 
Fact. 2011: 10: 61. DOI: 10.1186/1475-2859-10-61.

25. Engels C., Schwab C., Zhang J. et al. Acrolein con-
tributes strongly to antimicrobial and heterocyclic 
amine transformation activities of reuterin. Sci. 
Rep. 2016; 6: 36246. DOI: 10.1038/srep36246.

26. Mishra S.K., Malik R.K., Manju G. et al. Characteri-
zation of a reuterin-producing Lactobacillus reu-
teri BPL-36 strain isolated from human infant fecal 
sample. Probiotics Antimicrob. Proteins 2012; 4: 
154–61. DOI: 10.1007/s12602-012-9103-1.

27. Abhisingha M., Dumnil J., Pitaksutheepong C. Se-
lection of potential probiotic Lactobacillus with 
inhibitory activity against Salmonella and fecal 
coliform bacteria. Probiotics Antimicrob. Proteins. 
2017. DOI: 10.1007/s12602-017-9304-8.

28. Genis S., Sanchez-Chardi A., Bach A., et al. A com-
bination of lactic acid bacteria regulates Escheri-
chia coli infection and infl ammation of the bovine 
endometrium. J. Dairy Sci. 2017; 100: 479–92. DOI: 
10.3168/jds.2016-11671.

29. Cherian P.T., Wu X., Yang L. et al. Gastrointestinal 
localization of metronidazole by a lactobacilli-in-
spired tetramic acid motif improves treatment 
outcomes in the hamster model of Clostridium 



Children’s medicine of the North-West
2023 / Т. 11 № 3

43ЛЕКЦИИ

ISSN 2221-2582

diffi  cile infection. J. Antimicrob. Chemother. 2015; 
70: 3061–9. DOI: 10.1093/jac/dkv231.

30. Ojetti V., Bruno G., Ainora M.E. et al. Impact of Lac-
tobacillus reuteri supplementation on anti-Helico-
bacter pylori levofl oxacin-based second-line the-
rapy. Gastroenterol. Res. Pract. 2012: 740381. DOI: 
10.1155/2012/740381.

31. Ang L.Y., Too H.K., Tan E.L. et al. Antiviral activity 
of Lactobacillus reuteri Protectis against Coxsack-
ievirus A and Enterovirus 71 infection in human 
skeletal muscle and colon cell lines. Virol. J. 2016; 
13: 111. DOI: 10.1186/s12985-016-0567-6.

32. Karaff ova V., Csank T., Mudronova D. et al. Infl u-
ence of Lactobacillus reuteri L26 Biocenol on im-
mune response against porcine circovirus type 
2 infection in germ-free mice. Benef. Microbes. 
2017; 8: 367–78. DOI: 10.3920/BM2016.0114.

33. Mudronova D., Kiraly J., Revajova V. et al. Infl uence 
of Lactobacillus reuteri L26 Biocenol on immune 
response against porcine circovirus type 2 infec-
tion in germ-free mice. Benef. Microbes. 2017; 8: 
367–78. DOI: 10.3920/BM2016.0114.

34. Piyathilake C.J., Ollberding N.J., Kumar R. et al. 
Cervical microbiota associated with higher grade 
cervical intraepithelial neoplasia in women infec-
ted with high-risk human papillomaviruses. Can-
cer Prev. Res. 2016; 9: 357–66. DOI: 10.1158/1940-
6207.CAPR-15-0350.

35. Jorgensen M.R., Kragelund C., Jensen P.O. 
et al. Probiotic Lactobacillus reuteri has anti-
fungal eff ects on oral Candida species in vit-
ro. J. Oral Microbiol. 2017; 9: 1274582. DOI: 
10.1080/20002297.2016.1274582.

36. Jones S.E., Versalovic J. Probiotic Lactobacillus 
reuteri biofi lms produce antimicrobial and anti-in-
fl ammatory factors. BMC Microbiol. 2009; 9: 35. 
DOI: 10.1186/1471-2180-9-35.

37. Greifova G., Majekova H., Greif G. et al. Analysis of 
antimicrobial and immunomodulatory substan-
ces produced by heterofermentative Lactobacil-
lus reuteri. Folia Microbiol. 2017; 62: 515–24. DOI: 
10.1007/s12223-017-0524-9.

38. Gao C., Major A., Rendon D. et al. Histamine H2 
Receptor-Mediated Suppression of Intestinal In-
fl ammation by Probiotic Lactobacillus reuteri. 
mBio 2015; 6: e01358-15. DOI: 10.1128/mBio.01358-
15.

39. Thomas C.M., Hong T., van Pijkeren J.P. et al. Hista-
mine derived from probiotic Lactobacillus reuteri 
suppresses TNF via modulation of PKA and ERK 
signaling. PLoS One. 2012 7: e31951. DOI: 10.1371/
journal.pone.0031951.

40. Santos F., Spinler J.K., Saulnier D.M. et al. Functio-
nal identifi cation in Lactobacillus reuteri of a 
PocR-like transcription factor regulating glycerol 

utilization and vitamin B12 synthesis. Microb. Cell 
Fact. 2011; 10: 55. DOI: 10.1186/1475-2859-10-55.

41. Gu Q., Zhang C., Song D. et al. Enhancing vita-
min B12 content in soy-yogurt by Lactobacillus 
reuteri. Int. J. Food Microbiol. 2015; 206: 56–9. DOI: 
10.1016/j.ijfoodmicro.2015.04.033.

42. Thomas C.M., Saulnier D.M., Spinler J.K. et al. 
FolC2-mediated folate metabolism contributes to 
suppression of infl ammation by probiotic Lacto-
bacillus reuteri. Microbiologyopen. 2016; 5: 802–
18. DOI: 10.1002/mbo3.371.

43. Ksonzekova P., Bystricky P., Vlckova S. et al. Exo-
polysaccharides of Lactobacillus reuteri: their in-
fl uence on adherence of E. coli to epithelial cells 
and infl ammatory response. Carbohydr. Polym. 
2016; 141: 10–9. DOI: 10.1016/j.carbpol.2015.12.037.

44. Chen X.Y., Woodward A., Zijlstra R.T., Ganzle M.G. 
Exopolysaccharides synthesized by Lactobacillus 
reuteri protect against enterotoxigenic Escheri-
chia coli in piglets. Appl. Environ. Microbiol. 2014; 
80: 5752–60. DOI: 10.1128/AEM.01782-14.

45. Wang Y., Ganzle M.G., Schwab C. Exopolysaccha-
ride synthesized by Lactobacillus reuteri decreases 
the ability of enterotoxigenic Escherichia coli to 
bind to porcine erythrocytes. Appl. Environ. Micro-
biol. 2010; 76: 4863–6. DOI: 10.1128/AEM.03137-09.

46. Sims I.M., Frese S.A., Walter J. et al. Structure and 
functions of exopolysaccharide produced by gut 
commensal Lactobacillus reuteri 100-23. ISME J. 
2011; 5: 1115–24. DOI: 10.1038/ismej.2010.201.

47. He B., Hoang T.K., Wang T. et al. Resetting micro-
biota by Lactobacillus reuteri inhibits T reg defi -
ciency-induced autoimmunity via adenosine A2A 
receptors. J. Exp. Med. 2017; 214: 107–23. DOI: 
10.1084/jem.20160961.

48. Hsieh F.C., Lan C.C., Huang T.Y. et al. Heat-killed 
and live Lactobacillus reuteri GMNL-263 exhibit 
similar eff ects on improving metabolic functions 
in high-fat diet-induced obese rats. 2016.

49. Lee J., Yang W., Hostetler A. et al. Characteriza-
tion of the anti-infl ammatory Lactobacillus reuteri 
BM36301 and its probiotic benefi ts on aged mice. 
BMC Microbiol. 2016; 16: 69. DOI: 10.1186/s12866-
016-0686-7.

50. Zelante T., Iannitti R.G., Cunha C. et al. Tryptophan 
catabolites from microbiota engage aryl hydro-
carbon receptor and balance mucosal reactivity 
via interleukin-22. Immunity. 2013; 39: 372–85. 
DOI: 10.1016/j.immuni.2013.08.003.

51. Cervantes-Barragan L., Chai J.N., Tianero M.D. 
et al. Lactobacillus reuteri induces gut intraepi-
thelial CD4+CD8alphaalpha+ T cells. Science 2017: 
357: 806–10. DOI: 10.1126/science.aah5825.

52. Nguyen N.T., Hanieh H., Nakahama T., Kishimoto T. 
The roles of aryl hydrocarbon receptor in immune 



Children’s medicine of the North-West
2023 / Vol. 11 № 3

44 LECTURES

ISSN 2221-2582

responses. Int. Immunol. 2013; 25: 335–43. DOI: 
10.1093/intimm/dxt011.

53. Wang P., Li Y., Xiao H. et al. Isolation of lactobacil-
lus reuteri from Peyer’s patches and their eff ects 
on sIgA production and gut microbiota diversi-
ty. Mol. Nutr. Food Res. 2016; 60: 2020–30. DOI: 
10.1002/mnfr.201501065.

54. Braathen G., Ingildsen V., Twetman S. et al. Pre-
sence of Lactobacillus reuteri in saliva coincide 
with higher salivary IgA in young adults after in-
take of probio tic lozenges. Benef. Microbes. 2017; 
8: 17–22. DOI: 10.3920/BM2016.0081.

55. Bottcher M.F., Abrahamsson T.R., Fredriksson M., 
et al. Low breast milk TGF-beta2 is induced by Lac-
tobacillus reuteri supplementation and associates 
with reduced risk of sensitization during infancy. 
Pediatr. Allergy Immunol. 2008; 19: 497–504. DOI: 
10.1111/j.1399-3038.2007.00687.x.

56. Jorgensen M.R., Keller M.K., Kragelund C. et al. 
Lactobacillus reuteri supplements do not aff ect 
salivary IgA or cytokine levels in healthy subjects: 
a randomized, double-blind, placebo-controlled, 
cross-over trial. Acta Odontol. Scand. 2016; 74: 
399–404. DOI: 10.3109/00016357.2016.1169439.

57. Pallin A., Agback P., Jonsson H., Roos S. Evaluation 
of growth, metabolism and production of poten-
tially bioactive components during fermentation 
of barley with Lactobacillus reuteri. Food Micro-
biol. 2016; 57: 159–71. DOI: 10.1016/j.fm.2016.02.011.

58. Lai N.Y., Mills K., Chiu I.M. Sensory neuron regula-
tion of gastrointestinal infl ammation and bacte-
rial host defence. J. Intern. Med. 2017; 282: 5–23. 
DOI: 10.1111/joim.12591.

59. Bogdanova N.M., Pen'kov D.G., Kravtsova K.A., 
Vol kova I.S. Sostoyaniye mikroekologii kishech-
nika i aktivnost' mestnogo immunnogo otveta v 
vozrastnom aspekte. [The state of intestinal mi-
croecology and the activity of a local immune re-
sponse in the age aspect]. Children’s Medicine of 
the North-West. 2021; 9(3): 40–53. (in Russian).

60. Karpeyeva Yu.S., Novikova V.P., Khavkin A.I. i dr. 
Mikrobiota i bolezni cheloveka: vozmozhnosti 
diye ticheskoy korrektsii. [Microbiota and human 
disea ses: the possibilities of dietary correction]. 
Rossiyskiy vestnik perinatologii i pediatrii. 2020; 
65(5): 116–25. DOI: 10.21508/1027-4065-2020-65-
5-116-125. (in Russian).

61. Galley J.D., Mackos A.R., Varaljay V.A., Bailey M.T. 
Stressor exposure has prolonged eff ects on co-
lonic microbial community structure in Citrobac-
ter rodentium-challenged mice. Sci. Rep. 2017; 7: 
45012. DOI: 10.1038/srep45012.

62. Garcia Rodenas C.L., Lepage M., Ngom-Bru C. 
et al. Eff ect of formula containing Lactobacil-
lus reuteri DSM 17938 on fecal microbiota of in-

fants born by cesarean-section. J. Pediatr. Gas-
troenterol. Nutr. 2016; 63: 681–7. DOI: 10.1097/
MPG.0000000000001198. 

63. Britton R.A., Irwin R., Quach D. et al. Probiotic L. 
reuteri treatment prevents bone loss in a meno-
pausal ovariectomized mouse model. J. Cell. Phy-
siol. 2014; 229: 1822–30. DOI: 10.1002/jcp.24636.

64. Savino F., Fornasero S., Ceratto S. et al. Probiotics 
and gut health in infants: a preliminary case-con-
trol observational study about early treatment 
with Lactobacillus reuteri DSM 17938. Clin. 
Chim. Acta. 2015; 451(Pt A): 82–7. DOI: 10.1016/j.
cca.2015.02.027.

65. Martoni C.J., Labbe A., Ganopolsky J.G. et al. 
Changes in bile acids, FGF-19 and sterol absorp-
tion in response to bile salt hydrolase active L. 
reuteri NCIMB 30242. Gut Microbes. 2015; 6: 57–65. 
DOI: 10.1080/19490976.2015.1005474.

66. Jones M.L., Martoni C.J., Prakash S. Cholesterol 
lowering and inhibition of sterol absorption by 
Lactobacillus reuteri NCIMB 30242: a randomized 
controlled trial. Eur. J. Clin. Nutr. 2012; 66: 1234–41. 
DOI: 10.1038/ejcn.2012.126.

67. Mu Q., Kirby J., Reilly C.M., Luo X.M. Leaky gut 
as a danger signal for autoimmune diseases. 
Front. Immunol. 2017; 8: 598. DOI: 10.3389/fi m-
mu.2017.00598.

68. Mu Q., Zhang H., Liao X. et al. Control of lupus ne-
phritis by changes of gut microbiota. Microbiome 
2017; 5: 73. DOI: 10.1186/s40168-017-0300-8.

69. Yang F., Wang A., Zeng X. et al. Lactobacillus reu-
teri I5007 modulates tight junction protein ex-
pression in IPEC-J2 cells with LPS stimulation and 
in newborn piglets under normal conditions. BMC 
Microbiol. 2015; 15: 32. DOI: 10.1186/s12866-015-
0372-1.

70. Wang Z., Wang L., Chen Z. et al. In vitro evaluation 
of swine-derived Lactobacillus reuteri: probiotic 
properties and eff ects on intestinal porcine epi-
thelial cells challenged with enterotoxigenic Es-
cherichia coli K88. J. Microbiol. Biotechnol. 2016; 
26: 1018–25. DOI: 10.4014/jmb.1510.10089.

71. De Benedetto A., Rafaels N.M., McGirt L.Y. et al. 
Tight junction defects in patients with atopic der-
matitis. J. Allergy Clin. Immunol. 2011; 127: 771.
e7–786.e7. DOI: 10.1016/j.jaci.2010.10.018.

72. Romani Vestman N., Chen T., Lif Holgerson P. et al. 
Oral microbiota shift after 12-week supplementa-
tion with Lactobacillus reuteri DSM 17938 and PTA 
5289; a randomized control trial. PLoS One. 2015; 
10: e0125812. DOI: 10.1371/journal.pone.0125812.

73. Petricevic L., Unger F.M., Viernstein H., Kiss H. Ran-
domized, double-blind, placebo-controlled study 
of oral lactobacilli to improve the vaginal fl ora of 
postmenopausal women. Eur. J. Obstet. Gyne-



Children’s medicine of the North-West
2023 / Т. 11 № 3

45ЛЕКЦИИ

ISSN 2221-2582

col. Reprod. Biol. 2008; 141: 54–7. DOI: 10.1016/j.
ejogrb.2008.06.003.

74. Macklaim J.M., Clemente J.C., Knight R. et al. 
Changes in vaginal microbiota following anti-
microbial and probiotic therapy. Microb. Ecol. 
Health Dis. 2015; 26: 27799. DOI: 10.3402/mehd.
v26.27799.

75. Dos Reis Buzzo Zermiani A.P., de Paula Soares 
ALPP., da Silva Guedes de Moura B.L. et al. Evidence 
of Lactobacillus reuteri to reduce colic in breast-
fed babies: Systematic review and meta-analysis. 
Complement Ther Med. 2021; 63: 102781. DOI: 
10.1016/j.ctim.2021.102781.

76. Bel'mer S.V., Volynets G.V., Gorelov A.V. i dr. Funkt-
sional'nyye rasstroystva organov pishchevare-
niya u detey rekomendatsii obshchestva detskikh 
gastroenterologov, gepatologov i nutritsiologov. 
[Functional disorders of the digestive organs in 
children are recommendations of the Society of 
Children's Gastroenterologists, Hepatologists and 
Nutriologiologists]. Redaktsiya ot 02.02.2022 g V 
sbornike: Aktual'nyye problemy abdominal'noy 
patologii u detey. Pod obshchey redaktsiyey prof. 
S.V. Bel'mera i prof. L.I.Il'yenko.2022: 192–276. (in 
Russian).

77. Indrio F., Di Mauro A., Riezzo G. et al. Prophylac-
tic use of a probiotic in the prevention of colic, 
regurgitation, and functional constipation: a ran-
domized clinical trial. JAMA Pediatr. 2014; 168: 
228–33. DOI: 10.1001/jamapediatrics.2013.4367.

78. Szajewska H., Gyrczuk E., Horvath A. Lactobacillus 
reuteri DSM 17938 for the management of infan-
tile colic in breastfed infants: a randomized, dou-
ble-blind, placebo-controlled trial. J. Pediatr. 2013; 
162: 257–62. DOI: 10.1016/j.jpeds.2012.08.004.

79. Mi G.L., Zhao L., Qiao D.D. et al. Eff ectiveness of 
Lactobacillus reuteri in infantile colic and colicky 
induced maternal depression: a prospective sin-
gle blind randomized trial. Antonie Van Leeuwen-
hoek. 2015; 107: 1547–53. DOI: 10.1007/s10482-
015-0448-9.

80. Savino F., Ceratto S., Poggi E. et al. Preventive ef-
fects of oral probiotic on infantile colic: a prospec-
tive, randomised, blinded, controlled trial using 
Lactobacillus reuteri DSM 17938. Benef. Microbes. 
2015; 6: 245–51. DOI: 10.3920/BM2014.0090.

81. Savino F., Cordisco L., Tarasco V. et al. Lactobacillus 
reuteri DSM 17938 in infantile colic: a randomized, 
double-blind, placebo-controlled trial. Pediatrics 
2010; 126: e526–e533. DOI: 10.1542/peds.2010-
0433.

82. Dryl R., Szajewska H. Probiotics for management 
of infantile colic: a systematic review of rando-
mized controlled trials. Arch. Med. Sci. 2018; 14(5): 
1137–43.

83. Kianifar H., Ahanchian H., Grover Z. et al. Synbio-
tic in the management of infantile colic: a ran-
domised controlled trial. J. Paediatr. Child Health. 
2014; 50(10): 801–5.

84. Roos S., Dicksved J., Tarasco V. et al. 454 pyrose-
quencing analysis on faecal samples from a rando-
mized DBPC trial of colicky infants treated with 
Lactobacillus reuteri DSM 17938. PLoS One. 2013; 
8: e56710. DOI: 10.1371/journal.pone.0056710.

85. Sung V., Hiscock H., Tang M.L. et al. Treating infant 
colic with the probiotic Lactobacillus reuteri: dou-
ble blind, placebo controlled randomised trial. 
BMJ 2014; 348: g2107. DOI: 10.1136/bmj.g2107.

86. Savino F., Pelle E., Palumeri E. et al. Lactobacillus 
reuteri (American Type Culture Collection Strain 
55730) versus simethicone in the treatment of 
infantile colic: a prospective randomized study. 
Pediatrics. 2007; 119: e124–e130. DOI: 10.1542/
peds.2006-1222.

87. Soto A., Martin V., Jimenez E. et al. Lactobacilli and 
bifi dobacteria in human breast milk: infl uence of 
antibiotherapy and other host and clinical factors. 
J. Pediatr. Gastroenterol. Nutr. 2014; 59: 78–88. 
DOI: 10.1097/MPG.0000000000000347.

88. Korniyenko Ye.A., Vagemans N.V., Netrebenko O.K. 
Mladencheskiye kishechnyye koliki: sovremen-
nyye predstavleniya o mekhanizmakh razvitiya 
i novyye vozmozhnosti terapii. [Infant intestinal 
colic: mo dern ideas about development mecha-
nisms and new opportunities for therapy]. Vo-
prosy sovremennoy pediatrii. 2010; 5 (33): 176–83. 
(in Russian).

89. Vandenplas Y., Benninga M., Broekaert I. et al. 
Functional gastrointestinal disorder algorithms 
focus on early recognition, parental reassurance 
and nutritional strategies. Acta Paediatr. 2016; 
105(3): 244–52.

90. Garofoli F., Civardi E., Indrio F. et al. The early admi-
nistration of Lactobacillus reuteri DSM 17938 con-
trols regurgitation episodes in full-term breastfed 
infants. Int. J. Food Sci. Nutr. 2014; 65: 646–8. DOI: 
10.3109/09637486.2014.898251.

91. Romano C., Ferrau V., Cavataio F. et al. Lactobacil-
lus reuteri in children with functional abdominal 
pain (FAP). J. Paediatr. Child Health 2014; 50: E68–
E71. DOI: 10.1111/j.1440-1754.2010.01797.x.

92. Weizman Z., Abu-Abed J., Binsztok M. Lactoba-
cillus reuteri DSM 17938 for the management of 
functional abdominal pain in childhood: a rando-
mized, double-blind, placebo-controlled trial. J. 
Pediatr. 2016; 174: 160.e1–164.e1. DOI: 10.1016/j.
jpeds.2016.04.003.

93. Ojetti V., Ianiro G., Tortora A. et al. The Eff ect of 
Lactobacillus reuteri Supplementation in Adults 
with Chronic Functional Constipation: A Rando-



Children’s medicine of the North-West
2023 / Vol. 11 № 3

46 LECTURES

ISSN 2221-2582

mized, Double-Blind, Placebo-Controlled Trial. 
J. Gastrointest. Liver Dis. 2014; 23: 387–91. DOI: 
10.15403/jgld.2014.1121.234.elr.

94. Coccorullo P., Strisciuglio C., Martinelli M. et al. 
Lactobacillus reuteri (DSM 17938) in Infants 
with  Functional Chronic Constipation: A Dou-
ble-Blind, Randomized, Placebo-Controlled Study. 
J. Pe d iatr. 2010; 157: 598–602. DOI: 10.1016/j.
jpeds.2010.04.066.

95. Riezzo G., Chimienti G., Orlando A. et al. Ef-
fects of long-term administration of  Lactoba-
cillus reuteri  DSM-17938 on circulating levels of 
5-HT and BDNF in adults with functional con-
stipation.  Benef. Microbes.  2019; 10: 137–47. 
DOI: 10.3920/BM2018.0050. 

96. Dimidi E., Scott S.M., Whelan K. Probiotics and 
constipation: Mechanisms of action, evidence 
for eff ectiveness and utilisation by patients and 
healthcare professionals. Proc. Nutr. Soc. 2019; 79: 
147–57. DOI: 10.1017/S0029665119000934. 

97. Dimidi E., Christodoulides S., Scott S.M., Whelan K. 
Mechanisms of Action of Probiotics and the Gas-
trointestinal Microbiota on Gut Motility and Con-
stipation. Adv. Nutr. 2017; 8: 484–94. DOI: 10.3945/
an.116.014407. 

98. Jadrešin O., Sila S., Trivić I. et al. Lack of Benefi t of 
Lactobacillus reuteri DSM 17938 as an Addition to 
the Treatment of Functional Constipation. J. Pedi-
atr. Gastroenterol. Nutr. 2018; 67: 763–6. DOI: 
10.1097/MPG.0000000000002134. 

99. Gomes D.O.V.S., Morais M.B. Gut microbiota and 
the use of probiotics in constipation in children 
and adolescents: Systematic review. Rev. Paul 
Pediatr. 2020; 38: e2018123. DOI: 10.1590/1984-
0462/2020/38/2018123.

100. Wegh C.A.M., Benninga M.A., Tabbers M.M. Ef-
fectiveness of Probiotics in Children with Func-
tional Abdominal Pain Disorders and Functio-
nal Constipation: A Systematic Review.  J. Clin. 
Gastroenterol.  2018; 52: S10–S26. DOI:  10.1097/
MCG.0000000000001054.

101. West C.L., Stanisz A.M., Mao Y.-K. et al. Microvesi-
cles from Lactobacillus reuteri (DSM-17938) com-
pletely reproduce modulation of gut motility by 
bacteria in mice. PLoS ONE. 2020; 15: e0225481. 
DOI: 10.1371/journal.pone.0225481.

102. Hojsak I. Probiotics in Functional Gastrointestinal 
Disorders. Adv. Exp. Med. Biol. 2018; 1125: 121–37. 
DOI: 10.1007/5584_2018_321.

103. Jadrešin O., Sila S., Trivić I. et al. Lactobacillus 
reuteri  DSM 17938 is effective in the treatment 
of functional abdominal pain in children: Re-
sults of the double-blind randomized study. 
Clin. Nutr.  2020; 39: 3645–51. DOI:  10.1016/j.
clnu.2020.04.019. 

104. Trivić I., Niseteo T., Jadrešin O., Hojsak I. Use of pro-
biotics in the treatment of functional abdominal 
pain in children  — Systematic review and me-
ta-analysis.  Eur. J. Nucl. Med. Mol. Ima ging.  2021; 
180: 339–51. DOI: 10.1007/s00431-020-03809-y.

105. Szajewska H., Guarino A., Hojsak I. et al. Use of 
Probiotics for the Management of Acute Gastro-
enteritis in Children: An Update.  J. Pediatr. Gas-
troenterol. Nutr.  2020; 71: 261–9. DOI:  10.1097/
MPG.0000000000002751.

106. Francavilla R., Lionetti E., Castellaneta S. et al. 
Randomised clinical trial:  Lactobacillus reu-
teri DSM 17938 vs. placebo in children with acute 
diarrhoea — A double-blind study. Aliment. Phar-
macol. Ther.  2012; 36: 363–9. DOI:  10.1111/j.1365-
2036.2012.05180.x.

107. Dinleyici E.C., Dalgic N., Guven S. et al.  Lacto-
bacillus reuteri  DSM 17938 shortens acute in-
fectious diarrhea in a pediatric outpatient set-
ting.  J. Pediatr.  2015; 91: 392–6. DOI:  10.1016/j.
jped.2014.10.009.

108. Amoroso C., Perillo F., Strati F. et al. The Role of Gut 
Microbiota Biomodulators on Mucosal Immunity 
and Intestinal Infl ammation.  Cells.  2020; 9: 1234. 
DOI: 10.3390/cells9051234.

109. Wilkins T., Sequoia J. Probiotics for Gastrointesti-
nal Conditions: A Summary of the Evidence.  Am. 
Fam. Phys. 2017; 96: 170–8.

110. Shornikova A.V., Casas I.A., Mykkänen H. et al. Bac-
teriotherapy with Lactobacillus reuteri in rotavirus 
gastro-enteritis.  Pediatr. Infect. Dis. J.  1997; 16: 
1103–7. DOI: 10.1097/00006454-199712000-00002. 

111. Shornikova A.-V., Casas I.A., Isolauri E. et al. Lactoba-
cillus reuteri as a Therapeutic Agent in Acute Diar-
rhea in Young Children.  J. Pediatr. Gastroente rol. 
Nutr.  1997; 24: 399–404. DOI:  10.1097/00005176-
199704000-00008. 

112. Dinleyici E.C., Vandenplas Y., PROBAGE Study 
Group.  Lactobacillus reuteri  DSM 17938 eff ec-
tively reduces the duration of acute diarrhoea in 
hospita lised children.  Acta Paediatr.  2014; 103: 
e300–e305. DOI: 10.1111/apa.12617. 

113. Urbańska M., Gieruszczak-Białek D., Szajewska H. 
Systematic review with meta-analysis:  Lactoba-
cillus reuteri  DSM 17938 for diarrhoeal diseases 
in children.  Aliment. Pharmacol. Ther.  2016; 43: 
1025–34. DOI: 10.1111/apt.13590. 

114. Szymański H., Szajewska H. Lack of Effi  cacy of Lac-
tobacillus reuteri DSM 17938 for the Treatment of 
Acute Gastroenteritis: A Randomized Controlled 
Trial. Pediatr. Infect. Dis. J. 2019; 38: e237–e242. 
DOI: 10.1097/INF.0000000000002355.

115. Margiotta G., Ferretti S., Graglia B. et al. Eff ect of 
Lactobacillus reuteri LRE02-Lactobacillus rhamno-
sus LR04 combination and gastrointestinal func-



Children’s medicine of the North-West
2023 / Т. 11 № 3

47ЛЕКЦИИ

ISSN 2221-2582

tional disorders in an Emergency Department 
pediatric population. Eur. Rev. Med. Pharmacol. 
Sci. 2021; 25: 3097–3104.

116. Patro-Gołąb B., Szajewska H. Systematic Review 
with Meta-Analysis: Lactobacillus reuteri DSM 
17938 for Treating Acute Gas-troenteritis in Chil-
dren. An Update. Nutrients. 2019; 11: 11. DOI: 
10.3390/nu11112762.

117. Rojas M.A., Lozano J.M., Rojas M.X. et al. Prophy-
lactic probiotics to prevent death and nosocomial 
infection in preterm infants. Pediatrics. 2012; 130: 
e1113–e1120. DOI: 10.1542/peds.2011-3584.

118. Oncel M.Y., Sari F.N., Arayici S. et al. Lactobacillus 
reuteri for the prevention of necrotising enteroco-
litis in very low birthweight infants: a randomised 
controlled trial. Arch. Dis. Child. Fetal Neonatal 
Ed. 2014; 99: F110–F115. DOI: 10.1136/archdis-
child-2013-304745.

119. Rosenfeldt V., Benfeldt E., Nielsen S.D. et al. Eff ect 
of probiotic Lactobacillus strains in children with 
atopic dermatitis. J Allergy Clin Immunol. 2003; 
111(2): 389–95. DOI: 10.1067/mai.2003.389. PMID: 
12589361.

120. Miniello V.L., Brunetti L., Tesse R., et al. Lactobacil-
lus reuteri modulates cytokines production in ex-
haled breath condensate of children with atopic 
dermatitis. J. Pediatr. Gastroenterol. Nutr. 2010; 50: 
573–6. DOI: 10.1097/MPG.0b013e3181bb343f.

121. Abrahamsson T.R., Jakobsson T., Bottcher M.F. et al. 
Probiotics in prevention of IgE-associated eczema: 
a double-blind, randomized, placebo-controlled 
trial. J. Allergys Clin. Immunol. 2007; 119: 1174–80. 
DOI: 10.1016/j.jaci.2007.01.007.

122. Abrahamsson T.R., Jakobsson T., Bjorksten B. et al. 
No eff ect of probiotics on respiratory allergies: a 
seven-year follow-up of a randomized controlled 
trial in infancy. Pediatr. Allergy Immunol. 2013; 24: 
556–61. DOI: 10.1111/pai.12104.

123. Million M., Thuny F., Angelakis E. et al. Lactobacil-
lus reuteri and Escherichia coli in the human gut 
microbiota may predict weight gain associated 
with vancomycin treatment. Nutr. Diabetes. 2013; 
3: e87. DOI: 10.1038/nutd.2013.28.

124. Chung H.J., Yu J.G., Lee I.A. et al. Intestinal remo-
val of free fatty acids from hosts by Lactobacilli for 
the treatment of obesity. FEBS Open Bio 2016; 6: 
64–76. DOI: 10.1002/2211-5463.12024.

125. Braegger C., Chmielewska A., Decsi T. et al. Sup-
plementation of infant formula with probiotics 
and/or prebiotics: a systematic review and com-
ment by the ESPGHAN committee on nutrition. J. 
Pediatr. Gastroenterol. Nutr. 2011; 52: 238–50. DOI: 
10.1097/MPG.0b013e3181fb9e80.

126. Dore M.P., Bibbò S., Loria M. et al. Twice-a-day PPI, 
tetracycline, metronidazole quadruple therapy 

with Pylera® or Lactobacillus reuteri for treatment 
naïve or for retreatment of Helicobacter pylori. 
Two randomized pilot studies. Helicobacter. 2019; 
24: e12659. DOI: 10.1111/hel.12659.

127. Dore M.P., Cuccu M., Pes G.M. et al. Lactobacillus 
reuteri in the treatment of Helicobacter pylori in-
fection. Intern. Emerg. Med. 2014; 9: 649–54. DOI: 
10.1007/s11739-013-1013-z.

128. Dore M.P., Goni E., Di Mario F. Is There a Role for 
Probiotics in Helicobacter pylori Therapy? Gas-
troenterol. Clin. N. Am. 2015; 44: 565–75. DOI: 
10.1016/j.gtc.2015.05.005.

129. Emara M.H., Elhawari S.A., Yousef S. et al. Emerging 
Role of Probiotics in the Management of Helicobac-
ter pylori Infection: Histopathologic Perspectives. 
Helicobacter. 2016; 21: 3–10. DOI: 10.1111/hel.12237. 

130. Emara M.H., Mohamed S.Y., Abdel-Aziz H.R. Lac-
tobacillus reuteri in management of Helicobac-
ter pylori infection in dyspeptic patients: A dou-
ble-blind placebo-controlled randomized clinical 
trial. Ther. Adv. Gastroenterol. 2014; 7: 4–13. DOI: 
10.1177/1756283X13503514. 

131. Buckley M., Lacey S., Doolan A. et al. The eff ect 
of Lactobacillus reuteri supplementation in Heli-
cobacter pylori infection: A placebo-controlled, 
single-blind study. BMC Nutr. 2018; 4: 48. DOI: 
10.1186/s40795-018-0257-4.

ЛИТЕРАТУРА
1. Walter J., Britton R.A., Roos S. Host-microbial sym-

biosis in the vertebrate gastrointestinal tract and 
the Lactobacillus reuteri paradigm. Proc. Natl. 
Acad. Sci. U.S.A. 2011; 108(Suppl. 1): 4645–52. DOI: 
10.1073/pnas.1000099107.

2. Mu Q., Tavella V.J., Luo X.M. Role of Lactobacillus 
reuteri in Human Health and Diseases. Front Micro-
biol. 2018; 9: 757. DOI: 10.3389/fmicb.2018.00757.

3. Дедикова О.В., Кучина А.Е., Бережная И.В., 
Захарова И.Н. L. reuteri DSM 17938: От истории 
открытия штамма до появления доказательных 
исследований (штаммоспецифичности). Меди-
цинский совет. 2022; 16(12): 44–8.

4. Li F., Li X., Cheng C.C. et al. A phylogenomic ana-
lysis of Limosilactobacillus reuteri reveals ancient 
and stable evolutionary relationships with rodents 
and birds and zoonotic transmission to humans. 
BMC Biol. 2023; 21(1): 53. DOI: 10.1186/s12915-023-
01541-1.

5. Valeur N., Engel P., Carbajal N. et al. Colonization 
and Immunomodulation by Lactobacillus reuteri 
ATCC 55730 in the Human Gastrointestinal Tract. 
Appl. Environ. Microbiol. 2004; 70: 1176–81. DOI: 
10.1128/AEM.70.2.1176-1181.2004.

6. Rosander A., Connolly E., Roos S. Removal of 
antibio tic resistance gene-carrying plasmids from 



Children’s medicine of the North-West
2023 / Vol. 11 № 3

48 LECTURES

ISSN 2221-2582

Lactobacillus reuteri ATCC 55730 and characteri-
zation of the resulting daughter strain, L. reuteri 
DSM 17938. Appl. Environ. Microbiol. 2008; 74: 
6032–40. DOI: 10.1128/AEM.00991-08. 

7. Duar R.M., Lin X.B., Zheng J. et al. Lifestyles in tran-
sition: Evolution and natural history of the genus 
Lactobacillus. FEMS Microbiol. Rev. 2017; 41: S27–
S48. DOI: 10.1093/femsre/fux030.

8. Kubota M., Ito K., Tomimoto K., et al. Lactobacil-
lus reuteri DSM 17938 and Magnesium Oxide in 
Children with Functional Chronic Constipation: A 
Double-Blind and Randomized Clinical Trial. Nutri-
ents. 2020; 12: 225. DOI: 10.3390/nu12010225.

9. Ojetti V., Petruzziello C., Migneco A. et al. Eff ect 
of Lactobacillus reuteri (DSM 17938) on methane 
production in patients aff ected by functional con-
stipation: A retrospective study. Eur. Rev. Med. 
Pharmacol. Sci. 2017; 21: 1702–8.

10. Saviano A., Brigida M., Migneco A. et al. Lacto-
bacillus Reuteri DSM 17938 (Limosilactobacillus 
reuteri) in Diarrhea and Constipation: Two Sides 
of the Same Coin? Medicina (Kaunas). 2021; 57(7): 
643. DOI: 10.3390/medicina57070643.

11. Salas-Jara M.J., Ilabaca A., Vega M., Garcia A. Bio-
fi lm forming Lactobacillus: new challenges for the 
development of probiotics. Microorganisms. 2016; 
4: E35. DOI: 10.3390/microorganisms4030035.

12. Krumbeck J.A., Marsteller N.L., Frese S.A. et al. 
Cha racterization of the ecological role of genes 
mediating acid resistance in Lactobacillus reu-
teri during colonization of the gastrointestinal 
tract. Environ. Microbiol. 2016; 18: 2172–84. DOI: 
10.1111/1462-2920.13108.

13. Hou C., Zeng X., Yang F. et al. Study and use of the 
probiotic Lactobacillus reuteri in pigs: A review. 
J. Anim. Sci. Biotechnol. 2015; 6: 14. DOI: 10.1186/
s40104-015-0014-3.

14. Gunning A.P., Kavanaugh D., Thursby E. et al. Use of 
atomic force microscopy to study the multi-modu-
lar interaction of bacterial adhesins to mucins. Int. J. 
Mol. Sci. 2016; 17: E1854. DOI: 10.3390/ijms17111854.

15. Mackenzie D.A., Jeff ers F., Parker M. L. et al. 
Strain-specifi c diversity of mucus-binding pro-
teins in the adhesion and aggregation properties 
of Lactobacillus reuteri. Microbiology. 2010; 156(Pt 
11): 3368–78. DOI: 10.1099/mic.0.043265-0.

16. Walter J., Schwab C., Loach D.M. et al. Glucosyl-
transferase A (GtfA) and inulosucrase (Inu) of 
Lactobacillus reuteri TMW1.106 contribute to cell 
aggregation, in vitro biofi lm formation, and colo-
nization of the mouse gastrointestinal tract. Mi-
crobiology. 2008; 154(Pt 1): 72–80. DOI: 10.1099/
mic.0.2007/010637-0.

17. Frese S.A., Mackenzie D.A., Peterson D.A. et al. 
Molecular characterization of host-specifi c bio-

fi lm formation in a vertebrate gut symbiont. PLoS 
Genet. 2013; 9: e1004057. DOI: 10.1371/journal.
pgen.1004057.

18. Su M.S., Ganzle M.G. Novel two-component regu-
latory systems play a role in biofi lm formation of 
Lactobacillus reuteri rodent isolate 100-23. Micro-
biology. 2014; 160(Pt 4): 795–806. DOI: 10.1099/
mic.0.071399-0.

19. McMillan A., Dell M., Zellar M.P. et al. Disruption 
of urogenital biofi lms by lactobacilli. Colloids Surf. 
B Biointerfaces. 2011; 86: 58–64. DOI: 10.1016/j.col-
surfb.2011.03.016.

20. Talarico T.L., Dobrogosz W.J. Chemical characte-
rization of an antimicrobial substance produced 
by Lactobacillus reuteri. Antimicrob. Agents 
Che mother. 1989; 33: 674–9. DOI: 10.1128/
AAC.33.5.674.

21. Greifova G., Majekova H., Greif G., Body P., Greifo-
va M., Dubnickova M et al. Analysis of antimicro bial 
and immunomodulatory substances produced by 
heterofermentative Lactobacillus reuteri. Folia Mi-
crobiol. 2017; 62: 515–24. DOI: 10.1007/s12223-017-
0524-9.

22. Chen G., Chen J. A novel cell modifi cation method 
used in biotransformation of glycerol to 3-HPA by 
Lactobacillus reuteri. Appl. Microbiol. Biotechnol. 
2013; 97: 4325–32. DOI: 10.1007/s00253-013-4723-
2.

23. Yang G., Tian J., Li J. Fermentation of 1,3-propa-
nediol by a lactate defi cient mutant of Klebsiella 
oxytoca under microaerobic conditions. Appl. 
Microbiol. Biotechnol. 2007; 73: 1017–24. DOI: 
10.1007/s00253-006-0563-7.

24. Stevens M.J., Vollenweider S., Meile L., Lacroix C. 
1,3-Propanediol dehydrogenases in Lactobacillus 
reuteri: impact on central metabolism and 3-hy-
droxypropionaldehyde production. Microb. Cell 
Fact. 2011: 10: 61. DOI: 10.1186/1475-2859-10-61.

25. Engels C., Schwab C., Zhang J. et al. Acrolein con-
tributes strongly to antimicrobial and heterocyclic 
amine transformation activities of reuterin. Sci. 
Rep. 2016; 6: 36246. DOI: 10.1038/srep36246.

26. Mishra S.K., Malik R.K., Manju G. et al. Characteri-
zation of a reuterin-producing Lactobacillus reu-
teri BPL-36 strain isolated from human infant fecal 
sample. Probiotics Antimicrob. Proteins 2012; 4: 
154–61. DOI: 10.1007/s12602-012-9103-1.

27. Abhisingha M., Dumnil J., Pitaksutheepong C. Se-
lection of potential probiotic Lactobacillus with 
inhibitory activity against Salmonella and fecal 
coliform bacteria. Probiotics Antimicrob. Proteins. 
2017. DOI: 10.1007/s12602-017-9304-8.

28. Genis S., Sanchez-Chardi A., Bach A., et al. A com-
bination of lactic acid bacteria regulates Escheri-
chia coli infection and infl ammation of the bovine 



Children’s medicine of the North-West
2023 / Т. 11 № 3

49ЛЕКЦИИ

ISSN 2221-2582

endometrium. J. Dairy Sci. 2017; 100: 479–92. DOI: 
10.3168/jds.2016-11671.

29. Cherian P.T., Wu X., Yang L. et al. Gastrointestinal 
localization of metronidazole by a lactobacilli-in-
spired tetramic acid motif improves treatment 
outcomes in the hamster model of Clostridium 
diffi  cile infection. J. Antimicrob. Chemother. 2015; 
70: 3061–9. DOI: 10.1093/jac/dkv231.

30. Ojetti V., Bruno G., Ainora M.E. et al. Impact of Lac-
tobacillus reuteri supplementation on anti-Helico-
bacter pylori levofl oxacin-based second-line the-
rapy. Gastroenterol. Res. Pract. 2012: 740381. DOI: 
10.1155/2012/740381.

31. Ang L.Y., Too H.K., Tan E.L. et al. Antiviral activity 
of Lactobacillus reuteri Protectis against Coxsa-
ckievirus A and Enterovirus 71 infection in human 
skeletal muscle and colon cell lines. Virol. J. 2016; 
13: 111. DOI: 10.1186/s12985-016-0567-6.

32. Karaff ova V., Csank T., Mudronova D. et al. Infl u-
ence of Lactobacillus reuteri L26 Biocenol on im-
mune response against porcine circovirus type 
2 infection in germ-free mice. Benef. Microbes. 
2017; 8: 367–78. DOI: 10.3920/BM2016.0114. 

33. Mudronova D., Kiraly J., Revajova V. et al. Infl uence 
of Lactobacillus reuteri L26 Biocenol on immune 
response against porcine circovirus type 2 infec-
tion in germ-free mice. Benef. Microbes. 2017; 8: 
367–78. DOI: 10.3920/BM2016.0114.

34. Piyathilake C.J., Ollberding N.J., Kumar R. et al. 
Cervical microbiota associated with higher grade 
cervical intraepithelial neoplasia in women infec-
ted with high-risk human papillomaviruses. Can-
cer Prev. Res. 2016; 9: 357–66. DOI: 10.1158/1940-
6207.CAPR-15-0350.

35. Jorgensen M.R., Kragelund C., Jensen P.O. 
et al. Probiotic Lactobacillus reuteri has anti-
fungal eff ects on oral Candida species in vit-
ro. J. Oral Microbiol. 2017; 9: 1274582. DOI: 
10.1080/20002297.2016.1274582.

36. Jones S.E., Versalovic J. Probiotic Lactobacillus 
reuteri biofi lms produce antimicrobial and anti-in-
fl ammatory factors. BMC Microbiol. 2009; 9: 35. 
10.1186/1471-2180-9-35.

37. Greifova G., Majekova H., Greif G. et al. Analysis of 
antimicrobial and immunomodulatory substan-
ces produced by heterofermentative Lactobacil-
lus reuteri. Folia Microbiol. 2017; 62: 515–24. DOI: 
10.1007/s12223-017-0524-9.

38. Gao C., Major A., Rendon D. et al. Histamine H2 Re-
ceptor-Mediated Suppression of Intestinal Infl am-
mation by Probiotic Lactobacillus reuteri. mBio 
2015; 6: e01358-15. DOI: 10.1128/mBio.01358-15.

39. Thomas C.M., Hong T., van Pijkeren J.P. et al. Hista-
mine derived from probiotic Lactobacillus reuteri 
suppresses TNF via modulation of PKA and ERK 

signaling. PLoS One. 2012 7: e31951. DOI: 10.1371/
journal.pone.0031951.

40. Santos F., Spinler J.K., Saulnier D.M. et al. Functio-
nal identifi cation in Lactobacillus reuteri of a 
PocR-like transcription factor regulating glycerol 
utilization and vitamin B12 synthesis. Microb. Cell 
Fact. 2011; 10: 55. DOI: 10.1186/1475-2859-10-55.

41. Gu Q., Zhang C., Song D. et al. Enhancing vita-
min B12 content in soy-yogurt by Lactobacillus 
reuteri. Int. J. Food Microbiol. 2015; 206: 56–9. DOI: 
10.1016/j.ijfoodmicro.2015.04.033.

42. Thomas C.M., Saulnier D.M., Spinler J.K. et al. 
FolC2-mediated folate metabolism contributes to 
suppression of infl ammation by probiotic Lacto-
bacillus reuteri. Microbiologyopen. 2016; 5: 802–
18. DOI: 10.1002/mbo3.371.

43. Ksonzekova P., Bystricky P., Vlckova S. et al. Exo-
polysaccharides of Lactobacillus reuteri: their in-
fl uence on adherence of E. coli to epithelial cells 
and infl ammatory response. Carbohydr. Polym. 
2016; 141: 10–9. DOI: 10.1016/j.carbpol.2015.12.037.

44. Chen X.Y., Woodward A., Zijlstra R.T., Ganzle M.G. 
Exopolysaccharides synthesized by Lactobacillus 
reuteri protect against enterotoxigenic Escheri-
chia coli in piglets. Appl. Environ. Microbiol. 2014; 
80: 5752–60. DOI: 10.1128/AEM.01782-14.

45. Wang Y., Ganzle M.G., Schwab C. Exopolysaccha-
ride synthesized by Lactobacillus reuteri decreas-
es the ability of enterotoxigenic Escherichia coli to 
bind to porcine erythrocytes. Appl. Environ. Mi-
crobiol. 2010; 76: 4863–6. DOI: 10.1128/AEM.03137-
09.

46. Sims I.M., Frese S.A., Walter J. et al. Structure and 
functions of exopolysaccharide produced by gut 
commensal Lactobacillus reuteri 100-23. ISME J. 
2011; 5: 1115–24. DOI: 10.1038/ismej.2010.201.

47. He B., Hoang T.K., Wang T. et al. Resetting micro-
biota by Lactobacillus reuteri inhibits T reg defi -
ciency-induced autoimmunity via adenosine A2A 
receptors. J. Exp. Med. 2017; 214: 107–23. DOI: 
10.1084/jem.20160961.

48. Hsieh F.C., Lan C.C., Huang T.Y. et al. Heat-killed 
and live Lactobacillus reuteri GMNL-263 exhibit 
similar eff ects on improving metabolic functions 
in high-fat diet-induced obese rats. 2016.

49. Lee J., Yang W., Hostetler A. et al. Characteriza-
tion of the anti-infl ammatory Lactobacillus reuteri 
BM36301 and its probiotic benefi ts on aged mice. 
BMC Microbiol. 2016; 16: 69. DOI: 10.1186/s12866-
016-0686-7.

50. Zelante T., Iannitti R.G., Cunha C. et al. Tryptophan 
catabolites from microbiota engage aryl hydro-
carbon receptor and balance mucosal reactivity 
via interleukin-22. Immunity. 2013; 39: 372–85. 
DOI: 10.1016/j.immuni.2013.08.003.



Children’s medicine of the North-West
2023 / Vol. 11 № 3

50 LECTURES

ISSN 2221-2582

51. Cervantes-Barragan L., Chai J.N., Tianero M.D. 
et al. Lactobacillus reuteri induces gut intraepi-
thelial CD4+CD8alphaalpha+ T cells. Science 2017: 
357: 806–10. DOI: 10.1126/science.aah5825.

52. Nguyen N.T., Hanieh H., Nakahama T., Kishimoto T. 
The roles of aryl hydrocarbon receptor in immune 
responses. Int. Immunol. 2013; 25: 335–43. DOI: 
10.1093/intimm/dxt011.

53. Wang P., Li Y., Xiao H. et al. Isolation of lactobacil-
lus reuteri from Peyer’s patches and their eff ects 
on sIgA production and gut microbiota diversi-
ty. Mol. Nutr. Food Res. 2016; 60: 2020–30. DOI: 
10.1002/mnfr.201501065.

54. Braathen G., Ingildsen V., Twetman S. et al. Pre-
sence of Lactobacillus reuteri in saliva coincide 
with hi gher salivary IgA in young adults after in-
take of probiotic lozenges. Benef. Microbes. 2017; 
8: 17–22. DOI: 10.3920/BM2016.0081.

55. Bottcher M.F., Abrahamsson T.R., Fredriksson M., 
et al. Low breast milk TGF-beta2 is induced by Lac-
tobacillus reuteri supplementation and associates 
with reduced risk of sensitization during infancy. 
Pediatr. Allergy Immunol. 2008; 19: 497–504. DOI: 
10.1111/j.1399-3038.2007.00687.x.

56. Jorgensen M.R., Keller M.K., Kragelund C. et al. 
Lactobacillus reuteri supplements do not aff ect 
salivary IgA or cytokine levels in healthy subjects: 
a randomized, double-blind, placebo-controlled, 
cross-over trial. Acta Odontol. Scand. 2016; 74: 
399–404. DOI: 10.3109/00016357.2016.1169439.

57. Pallin A., Agback P., Jonsson H., Roos S. Evalua-
tion of growth, metabolism and production of 
potentially bioactive components during fer-
mentation of barley with Lactobacillus reuteri. 
Food Microbiol. 2016; 57: 159–71. DOI: 10.1016/j.
fm.2016.02.011.

58. Lai N.Y., Mills K., Chiu I.M. Sensory neuron regula-
tion of gastrointestinal infl ammation and bacte-
rial host defence. J. Intern. Med. 2017; 282: 5–23. 
DOI: 10.1111/joim.12591.

59. Богданова Н.М., Пеньков Д.Г., Кравцова К.А., 
Волкова И.С. Состояние микроэкологии кишеч-
ника и активность местного иммунного ответа 
в возрастном аспекте. Children’s Medicine of the 
North-West. 2021; 9(3): 40–53.

60. Карпеева Ю.С., Новикова В.П., Хавкин А.И. и др. 
Микробиота и болезни человека: возможности 
диетической коррекции. Российский вестник 
перинатологии и педиатрии. 2020; 65(5): 116–25. 
DOI: 10.21508/1027-4065-2020-65-5-116-125.

61. Galley J.D., Mackos A.R., Varaljay V.A., Bailey M.T. 
Stressor exposure has prolonged eff ects on co-
lonic microbial community structure in Citrobac-
ter rodentium-challenged mice. Sci. Rep. 2017; 7: 
45012. DOI: 10.1038/srep45012.

62. Garcia Rodenas C.L., Lepage M., Ngom-Bru C. 
et al. Eff ect of formula containing Lactobacil-
lus reuteri DSM 17938 on fecal microbiota of in-
fants born by cesarean-section. J. Pediatr. Gas-
troenterol. Nutr. 2016; 63: 681–7. DOI: 10.1097/
MPG.0000000000001198.

63. Britton R.A., Irwin R., Quach D. et al. Probiotic L. 
reuteri treatment prevents bone loss in a meno-
pausal ovariectomized mouse model. J. Cell. Phy-
siol. 2014; 229: 1822–30. DOI: 10.1002/jcp.24636.

64. Savino F., Fornasero S., Ceratto S. et al. Probio-
tics and gut health in infants: a preliminary case-
cont rol observational study about early treat-
ment with Lactobacillus reuteri DSM 17938. Clin. 
Chim. Acta. 2015; 451(Pt A): 82–7. DOI: 10.1016/j.
cca.2015.02.027.

65. Martoni C.J., Labbe A., Ganopolsky J.G. et al. 
Changes in bile acids, FGF-19 and sterol absorption 
in response to bile salt hydrolase active L. reuteri 
NCIMB 30242. Gut Microbes. 2015; 6: 57–65. DOI: 
10.1080/19490976.2015.1005474.

66. Jones M.L., Martoni C.J., Prakash S. Cholesterol 
lowering and inhibition of sterol absorption by 
Lactobacillus reuteri NCIMB 30242: a randomized 
controlled trial. Eur. J. Clin. Nutr. 2012; 66: 1234–41. 
DOI: 10.1038/ejcn.2012.126.

67. Mu Q., Kirby J., Reilly C.M., Luo X.M. Leaky gut 
as a danger signal for autoimmune diseases. 
Front. Immunol. 2017; 8: 598. DOI: 10.3389/fi m-
mu.2017.00598.

68. Mu Q., Zhang H., Liao X. et al. Control of lupus ne-
phritis by changes of gut microbiota. Microbiome 
2017; 5: 73. DOI: 10.1186/s40168-017-0300-8.

69. Yang F., Wang A., Zeng X. et al. Lactobacillus reu-
teri I5007 modulates tight junction protein ex-
pression in IPEC-J2 cells with LPS stimulation and 
in newborn piglets under normal conditions. BMC 
Microbiol. 2015; 15: 32. DOI: 10.1186/s12866-015-
0372-1.

70. Wang Z., Wang L., Chen Z. et al. In vitro evaluation 
of swine-derived Lactobacillus reuteri: probiotic 
properties and eff ects on intestinal porcine epi-
thelial cells challenged with enterotoxigenic Es-
cherichia coli K88. J. Microbiol. Biotechnol. 2016; 
26: 1018–25. DOI: 10.4014/jmb.1510.10089.

71. De Benedetto A., Rafaels N.M., McGirt L.Y. et al. 
Tight junction defects in patients with atopic der-
matitis. J. Allergy Clin. Immunol. 2011; 127: 771.
e7–786.e7. DOI: 10.1016/j.jaci.2010.10.018.

72. Romani Vestman N., Chen T., Lif Holgerson P. 
et al. Oral microbiota shift after 12-week supple-
mentation with Lactobacillus reuteri DSM 17938 
and PTA 5289; a randomized control trial. PLoS 
One. 2015; 10: e0125812. DOI: 10.1371/journal.
pone.0125812.



Children’s medicine of the North-West
2023 / Т. 11 № 3

51ЛЕКЦИИ

ISSN 2221-2582

73. Petricevic L., Unger F.M., Viernstein H., Kiss H. Ran-
domized, double-blind, placebo-controlled study 
of oral lactobacilli to improve the vaginal fl ora of 
postmenopausal women. Eur. J. Obstet. Gyne-
col. Reprod. Biol. 2008; 141: 54–7. DOI: 10.1016/j.
ejogrb.2008.06.003.

74. Macklaim J.M., Clemente J.C., Knight R. et al. 
Changes in vaginal microbiota following anti-
microbial and probiotic therapy. Microb. Ecol. 
Health Dis. 2015; 26: 27799. DOI: 10.3402/mehd.
v26.27799.

75. Dos Reis Buzzo Zermiani A.P., de Paula Soares 
ALPP., da Silva Guedes de Moura B.L. et al. Evidence 
of Lactobacillus reuteri to reduce colic in breast-
fed babies: Systematic review and meta-analysis. 
Complement Ther Med. 2021; 63: 102781. DOI: 
10.1016/j.ctim.2021.102781.

76. Бельмер С.В., Волынец Г.В., Горелов А.В. и др. 
Функциональные расстройства органов пищева-
рения у детей рекомендации общества детских 
гастроэнтерологов, гепатологов и нутрициоло-
гов. Редакция от 02.02.2022 г. В сборнике: Акту-
альные проблемы абдоминальной патологии у 
детей. Под общей редакцией проф. С.В. Бельме-
ра и проф. Л.И. Ильенко. 2022: 192–276.

77. Indrio F., Di Mauro A., Riezzo G. et al. Prophylac-
tic use of a probiotic in the prevention of colic, 
regurgitation, and functional constipation: a ran-
domized clinical trial. JAMA Pediatr. 2014; 168: 
228–33. DOI: 10.1001/jamapediatrics.2013.4367.

78. Szajewska H., Gyrczuk E., Horvath A. Lactobacillus 
reuteri DSM 17938 for the management of infan-
tile colic in breastfed infants: a randomized, dou-
ble-blind, placebo-controlled trial. J. Pediatr. 2013; 
162: 257–62. DOI: 10.1016/j.jpeds.2012.08.004.

79. Mi G.L., Zhao L., Qiao D.D. et al. Eff ectiveness of 
Lactobacillus reuteri in infantile colic and colicky 
induced maternal depression: a prospective sin-
gle blind randomized trial. Antonie Van Leeuwen-
hoek. 2015; 107: 1547–53. DOI: 10.1007/s10482-
015-0448-9.

80. Savino F., Ceratto S., Poggi E. et al. Preventive ef-
fects of oral probiotic on infantile colic: a prospec-
tive, randomised, blinded, controlled trial using 
Lactobacillus reuteri DSM 17938. Benef. Microbes. 
2015; 6: 245–51. DOI: 10.3920/BM2014.0090.

81. Savino F., Cordisco L., Tarasco V. et al. Lactobacillus 
reuteri DSM 17938 in infantile colic: a randomized, 
double-blind, placebo-controlled trial. Pediatrics 
2010; 126: e526–e533. DOI: 10.1542/peds.2010-
0433.

82. Dryl R., Szajewska H. Probiotics for management 
of infantile colic: a systematic review of ran-
domized controlled trials. Arch. Med. Sci. 2018; 
14(5): 1137–43.

83. Kianifar H., Ahanchian H., Grover Z. et al. Synbio-
tic in the management of infantile colic: a ran-
domised controlled trial. J. Paediatr. Child Health. 
2014; 50(10): 801–5.

84. Roos S., Dicksved J., Tarasco V. et al. 454 pyrose-
quencing analysis on faecal samples from a rando-
mized DBPC trial of colicky infants treated with 
Lactobacillus reuteri DSM 17938. PLoS One. 2013; 
8: e56710. DOI: 10.1371/journal.pone.0056710.

85. Sung V., Hiscock H., Tang M.L. et al. Treating infant 
colic with the probiotic Lactobacillus reuteri: dou-
ble blind, placebo controlled randomised trial. 
BMJ 2014; 348: g2107. DOI: 10.1136/bmj.g2107.

86. Savino F., Pelle E., Palumeri E. et al. Lactobacillus 
reuteri (American Type Culture Collection Strain 
55730) versus simethicone in the treatment of 
infantile co lic: a prospective randomized study. 
Pediatrics. 2007; 119: e124–e130. DOI: 10.1542/
peds.2006-1222.

87. Soto A., Martin V., Jimenez E. et al. Lactobacilli and 
bifi dobacteria in human breast milk: infl uence of 
antibiotherapy and other host and clinical factors. 
J. Pediatr. Gastroenterol. Nutr. 2014; 59: 78–88. 
DOI: 10.1097/MPG.0000000000000347.

88. Корниенко Е.А., Вагеманс Н.В., Нетребенко О.К. 
Младенческие кишечные колики: современные 
представления о механизмах развития и новые 
возможности терапии. Вопросы современной 
педиатрии. 2010; 5 (33): 176–83.

89. Vandenplas Y., Benninga M., Broekaert I. et al. 
Functional gastrointestinal disorder algorithms 
focus on early recognition, parental reassurance 
and nutritional strategies. Acta Paediatr. 2016; 
105(3): 244–52.

90. Garofoli F., Civardi E., Indrio F. et al. The early admi-
nistration of Lactobacillus reuteri DSM 17938 con-
trols regurgitation episodes in full-term breastfed 
infants. Int. J. Food Sci. Nutr. 2014; 65: 646–8. DOI: 
10.3109/09637486.2014.898251.

91. Romano C., Ferrau V., Cavataio F. et al. Lactobacil-
lus reuteri in children with functional abdominal 
pain (FAP). J. Paediatr. Child Health 2014; 50: E68–
E71. DOI: 10.1111/j.1440-1754.2010.01797.x.

92. Weizman Z., Abu-Abed J., Binsztok M. Lactoba-
cillus reuteri DSM 17938 for the management of 
functional abdominal pain in childhood: a rando-
mized, double-blind, placebo-controlled trial. J. 
Pediatr. 2016; 174: 160.e1–164.e1. DOI: 10.1016/j.
jpeds.2016.04.003.

93. Ojetti V., Ianiro G., Tortora A. et al. The Eff ect of 
Lactobacillus reuteri Supplementation in Adults 
with Chronic Functional Constipation: A Rando-
mized, Double-Blind, Placebo-Controlled Trial. 
J. Gastrointest. Liver Dis. 2014; 23: 387–91. DOI: 
10.15403/jgld.2014.1121.234.elr.



Children’s medicine of the North-West
2023 / Vol. 11 № 3

52 LECTURES

ISSN 2221-2582

94. Coccorullo P., Strisciuglio C., Martinelli M. et al. 
Lactobacillus reuteri (DSM 17938) in Infants with 
Functional Chronic Constipation: A Doub le-
Blind, Rando mized, Placebo-Controlled Study. 
J. Pediatr. 2010; 157: 598–602. DOI: 10.1016/j.
jpeds.2010.04.066.

95. Riezzo G., Chimienti G., Orlando A. et al. Ef-
fects of long-term administration of  Lactoba-
cillus reuteri  DSM-17938 on circulating levels of 
5-HT and BDNF in adults with functional con-
stipation.  Benef. Microbes.  2019; 10: 137–47. 
DOI: 10.3920/BM2018.0050.

96. Dimidi E., Scott S.M., Whelan K. Probiotics and 
constipation: Mechanisms of action, evidence 
for eff ectiveness and utilisation by patients and 
healthcare professionals. Proc. Nutr. Soc. 2019; 79: 
147–57. DOI: 10.1017/S0029665119000934. 

97. Dimidi E., Christodoulides S., Scott S.M., Whelan K. 
Mechanisms of Action of Probiotics and the Gas-
trointestinal Microbiota on Gut Motility and Con-
stipation. Adv. Nutr. 2017; 8: 484–94. DOI: 10.3945/
an.116.014407. 

98. Jadrešin O., Sila S., Trivić I. et al. Lack of Benefi t of 
Lactobacillus reuteri DSM 17938 as an Addition 
to the Treatment of Functional Constipation. J. 
Pediatr. Gastroenterol. Nutr. 2018; 67: 763–6. DOI: 
10.1097/MPG.0000000000002134. 

99. Gomes D.O.V.S., Morais M.B. Gut microbiota and 
the use of probiotics in constipation in children 
and adolescents: Systematic review. Rev. Paul 
Pediatr. 2020; 38: e2018123. DOI: 10.1590/1984-
0462/2020/38/2018123.

100. Wegh C.A.M., Benninga M.A., Tabbers M.M. Ef-
fectiveness of Probiotics in Children with Func-
tional Abdominal Pain Disorders and Functio-
nal Constipation: A Systematic Review.  J. Clin. 
Gastroenterol.  2018; 52: S10–S26. DOI:  10.1097/
MCG.0000000000001054.

101. West C.L., Stanisz A.M., Mao Y.-K. et al. Microvesi-
cles from Lactobacillus reuteri (DSM-17938) com-
pletely reproduce modulation of gut motility by 
bacteria in mice. PLoS ONE. 2020; 15: e0225481. 
DOI: 10.1371/journal.pone.0225481.

102. Hojsak I. Probiotics in Functional Gastrointestinal 
Disorders. Adv. Exp. Med. Biol. 2018; 1125: 121–37. 
DOI: 10.1007/5584_2018_321.

103. Jadrešin O., Sila S., Trivić I. et al. Lactobacillus reu-
teri DSM 17938 is eff ective in the treatment of func-
tional abdominal pain in children: Results of the 
double-blind randomized study.  Clin. Nutr.  2020; 
39: 3645–51. DOI: 10.1016/j.clnu.2020.04.019. 

104. Trivić I., Niseteo T., Jadrešin O., Hojsak I. Use of 
probiotics in the treatment of functional ab-
dominal pain in children — Systematic review 
and meta-analysis.  Eur. J. Nucl. Med. Mol. Ima-

ging.  2021; 180: 339–51. DOI:  10.1007/s00431-
020-03809-y. 

105. Szajewska H., Guarino A., Hojsak I. et al. Use of 
Probiotics for the Management of Acute Gastro-
enteritis in Children: An Update.  J. Pediatr. Gas-
troenterol. Nutr.  2020; 71: 261–9. DOI:  10.1097/
MPG.0000000000002751.

106. Francavilla R., Lionetti E., Castellaneta S. et al. 
Randomised clinical trial:  Lactobacillus reu-
teri DSM 17938 vs. placebo in children with acute 
diarrhoea — A double-blind study. Aliment. Phar-
macol. Ther.  2012; 36: 363–9. DOI:  10.1111/j.1365-
2036.2012.05180.x. 

107. Dinleyici E.C., Dalgic N., Guven S. et al.  Lacto-
bacillus reuteri  DSM 17938 shortens acute in-
fectious diarrhea in a pediatric outpatient set-
ting.  J. Pediatr.  2015; 91: 392–6. DOI:  10.1016/j.
jped.2014.10.009.

108. Amoroso C., Perillo F., Strati F. et al. The Role of Gut 
Microbiota Biomodulators on Mucosal Immunity 
and Intestinal Infl ammation.  Cells.  2020; 9: 1234. 
DOI: 10.3390/cells9051234. 

109. Wilkins T., Sequoia J. Probiotics for Gastrointesti-
nal Conditions: A Summary of the Evidence.  Am. 
Fam. Phys. 2017; 96: 170–8.

110. Shornikova A.V., Casas I.A., Mykkänen H. et al. Bac-
teriotherapy with  Lactobacillus reuteri  in rotavi-
rus gastroenteritis. Pediatr. Infect. Dis. J. 1997; 16: 
1103–7. DOI: 10.1097/00006454-199712000-00002.

111. Shornikova A.-V., Casas I.A., Isolauri E. et al. Lactoba-
cillus reuteri as a Therapeutic Agent in Acute Diar-
rhea in Young Children.  J. Pediatr. Gastroente rol. 
Nutr.  1997; 24: 399–404. DOI:  10.1097/00005176-
199704000-00008. 

112. Dinleyici E.C., Vandenplas Y., PROBAGE Study 
Group.  Lactobacillus reuteri  DSM 17938 eff ec-
tively reduces the duration of acute diarrhoea in 
hospita lised children.  Acta Paediatr.  2014; 103: 
e300–e305. DOI: 10.1111/apa.12617. 

113. Urbańska M., Gieruszczak-Białek D., Szajewska H. 
Systematic review with meta-analysis:  Lactoba-
cillus reuteri  DSM 17938 for diarrhoeal diseases 
in children.  Aliment. Pharmacol. Ther.  2016; 43: 
1025–34. DOI: 10.1111/apt.13590.

114. Szymański H., Szajewska H. Lack of Effi  cacy of Lac-
tobacillus reuteri DSM 17938 for the Treatment of 
Acute Gastroenteritis: A Randomized Controlled 
Trial. Pediatr. Infect. Dis. J. 2019; 38: e237–e242. 
DOI: 10.1097/INF.0000000000002355.

115. Margiotta G., Ferretti S., Graglia B. et al. Eff ect of 
Lactobacillus reuteri LRE02-Lactobacillus rhamno-
sus LR04 combination and gastrointestinal func-
tional disorders in an Emergency Department 
pediatric population. Eur. Rev. Med. Pharmacol. 
Sci. 2021; 25: 3097–3104.



Children’s medicine of the North-West
2023 / Т. 11 № 3

53ЛЕКЦИИ

ISSN 2221-2582

116. Patro-Gołąb B., Szajewska H. Systematic Review 
with Meta-Analysis: Lactobacillus reuteri DSM 
17938 for Treating Acute Gas-troenteritis in Chil-
dren. An Update. Nutrients. 2019; 11: 11. DOI: 
10.3390/nu11112762.

117. Rojas M.A., Lozano J.M., Rojas M.X. et al. Prophy-
lactic probiotics to prevent death and nosocomial 
infection in preterm infants. Pediatrics. 2012; 130: 
e1113–e1120. DOI: 10.1542/peds.2011-3584.

118. Oncel M.Y., Sari F.N., Arayici S. et al. Lactobacillus 
reuteri for the prevention of necrotising enteroco-
litis in very low birthweight infants: a randomised 
controlled trial. Arch. Dis. Child. Fetal Neonatal 
Ed. 2014; 99: F110–F115. DOI: 10.1136/archdis-
child-2013-304745.

119. Rosenfeldt V., Benfeldt E., Nielsen S.D. et al. Eff ect 
of probiotic Lactobacillus strains in children with 
atopic dermatitis. J Allergy Clin Immunol. 2003; 
111(2): 389–95. DOI: 10.1067/mai.2003.389. PMID: 
12589361.

120. Miniello V.L., Brunetti L., Tesse R. et al. Lactobacil-
lus reuteri modulates cytokines production in ex-
haled breath condensate of children with atopic 
dermatitis. J. Pediatr. Gastroenterol. Nutr. 2010; 50: 
573–6. DOI: 10.1097/MPG.0b013e3181bb343f.

121. Abrahamsson T.R., Jakobsson T., Bottcher M.F. et al. 
Probiotics in prevention of IgE-associated eczema: 
a double-blind, randomized, placebo-controlled 
trial. J. Allergys Clin. Immunol. 2007; 119: 1174–80. 
DOI: 10.1016/j.jaci.2007.01.007.

122. Abrahamsson T.R., Jakobsson T., Bjorksten B. et al. 
No eff ect of probiotics on respiratory allergies: a 
seven-year follow-up of a randomized controlled 
trial in infancy. Pediatr. Allergy Immunol. 2013; 24: 
556–61. DOI: 10.1111/pai.12104.

123. Million M., Thuny F., Angelakis E. et al. Lactobacil-
lus reuteri and Escherichia coli in the human gut 
microbiota may predict weight gain associated 
with vancomycin treatment. Nutr. Diabetes. 2013; 
3: e87. DOI: 10.1038/nutd.2013.28.

124. Chung H.J., Yu J.G., Lee I.A. et al. Intestinal remo-
val of free fatty acids from hosts by Lactobacilli for 
the treatment of obesity. FEBS Open Bio 2016; 6: 
64–76. DOI: 10.1002/2211-5463.12024.

125. Braegger C., Chmielewska A., Decsi T. et al. Sup-
plementation of infant formula with probiotics 
and/or prebiotics: a systematic review and com-
ment by the ESPGHAN committee on nutrition. J. 
Pediatr. Gastroenterol. Nutr. 2011; 52: 238–50. DOI: 
10.1097/MPG.0b013e3181fb9e80.

126. Dore M.P., Bibbò S., Loria M. et al. Twice-a-day PPI, 
tetracycline, metronidazole quadruple therapy 
with Pylera® or Lactobacillus reuteri for treatment 
naïve or for retreatment of Helicobacter pylori. 
Two randomized pilot studies. Helicobacter. 2019; 
24: e12659. DOI: 10.1111/hel.12659.

127. Dore M.P., Cuccu M., Pes G.M. et al. Lactobacillus 
reuteri in the treatment of Helicobacter pylori in-
fection. Intern. Emerg. Med. 2014; 9: 649–54. DOI: 
10.1007/s11739-013-1013-z.

128. Dore M.P., Goni E., Di Mario F. Is There a Role for 
Probiotics in Helicobacter pylori Therapy? Gas-
troenterol. Clin. N. Am. 2015; 44: 565–75. DOI: 
10.1016/j.gtc.2015.05.005.

129. Emara M.H., Elhawari S.A., Yousef S. et al. Emerging 
Role of Probiotics in the Management of Helico-
bacter pylori Infection: Histopathologic Perspec-
tives. Helicobacter. 2016; 21: 3–10. DOI: 10.1111/
hel.12237. 

130. Emara M.H., Mohamed S.Y., Abdel-Aziz H.R. Lac-
tobacillus reuteri in management of Helicobac-
ter pylori infection in dyspeptic patients: A dou-
ble-blind placebo-controlled randomized clinical 
trial. Ther. Adv. Gastroenterol. 2014; 7: 4–13. DOI: 
10.1177/1756283X13503514. 

131. Buckley M., Lacey S., Doolan A. et al. The eff ect 
of Lactobacillus reuteri supplementation in Heli-
cobacter pylori infection: A placebo-controlled, 
single-blind study. BMC Nutr. 2018; 4: 48. DOI: 
10.1186/s40795-018-0257-4.


