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Abstract: Reducing the incidence of gastrointestinal infections (GlIs) that occur at early stages to
mitigate hospitalizations and treatments with adverse effects is a promising strategy for providing
well-being to infants and their families. This systematic review and meta-analysis explores whether
the early administration of Limosilactobacillus fermentum CECT5716 might be effective as a preventive
therapy for GIs. We reviewed the literature to identify randomized controlled trials (RCTs) investi-
gating the effectiveness of milk formulas supplemented with L. fermentum CECT5716 administered
to infants at early stages to reduce the incidence of GIs. The MEDLINE (via PubMed), Web of Science
(WoS), and Cochrane Central Register of Controlled Trials (via CENTRAL) databases were searched
up to 15 June 2021. GI data from the included studies were synthesized in a random-effects model.
Three RCTs were finally selected including 435 infants. There was a significant reduction in the
incidence rate of GIs for those receiving L. fermentum CECT5716 compared with those receiving
placebo (IRR: 0.52, 95% CI: 0.36-0.74, p = 0.0004). Heterogeneity between studies was moderate
(I? = 54.5%). Based on the present systematic review and meta-analysis, the administration of L.
fermentum CECT5716 at doses from 1 x 10 to 8.4 x 108 cfu/day in milk formulas may prevent Gls
in infants up to 12 months old. Longer-term studies including a higher number of infants are needed
to determine whether the use of this probiotic during the early stages of life is an efficient way to
reduce the incidence of GIs.

Keywords: gastrointestinal infection; diarrhea; formula-fed infant; probiotics; Lactobacillus fermentum;
Limosilactobacillus fermentum

1. Introduction

Although breast milk was once considered a sterile fluid, it is now widely accepted
that it has its own unique microbiome, consisting of many commensal bacteria [1,2]. Most
studies report that the stool microbiota of breastfed infants differs from that of infants fed
formula [3]. The lactic acid bacteria present in human milk, in addition to other bifidogenic
compounds such as oligosaccharides, are transferred from the mother to the infant through
lactation [2], which may, at least in part, be responsible for some of the beneficial effects
observed in breastfed infants [4]. Hence, there is a large body of evidence documenting the
benefits of human breast milk in infants, including reduction of morbidity and mortality
and protection against specific infections during the breastfeeding period [5,6]. This fact is
extremely relevant for public health, because infectious diseases are the most common type
of illness among infants worldwide. Thus, international guidelines recommend exclusive
breastfeeding for all infants in the first six months of life, as it provides the best nutritional
start for infants and promotes their healthy growth and development [7].

Unfortunately, exclusive breastfeeding is not always possible. Accordingly, formula
milks are increasingly being supplemented with probiotics, prebiotics, or symbiotics to
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achieve a similar intestinal microbiota composition in formula-fed infants to in breast-
fed children [4]. The European Society of Pediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) Committee on Nutrition states that supplementation of infant or
follow-on formulas with a few probiotics may be associated with a reduction in the risk of
nonspecific gastrointestinal infections (Gls) as well as antibiotic use [8].

Scientific evidence supporting the use of probiotics for the prevention of infectious
diseases is only emerging, though the results appear to be promising. Previously known as
Lactobacillus fermentum CECT5716, it is currently named, according to the recent nomencla-
ture, Limosilactobacillus fermentum CECT5716 [9]. This probiotic is naturally present in breast
milk [10] and it has been proposed as a probiotic for formula milk due to its safety and
functional [11], anti-infectious [12], immunomodulatory [13], and anti-inflammatory [14,15]
properties. This strain is also able to colonize the mammary gland when administered
orally in a capsule to lactating mothers [16]. Additionally, such supplementation is con-
sidered an efficient strategy for the treatment and prevention of infectious mastitis during
lactation [16-18].

In this study, we thoroughly examined the effect of L. fermentum (CECT5716 Lc40) on
the incidence rate of GIs in infants using a systematic review. Subsequently, we aimed to
statistically guarantee the robustness of the evidence through synthesized the data from
the clinical studies in a meta-analysis.

2. Materials and Methods

This review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (Supplementary Material S1) [19].

2.1. Eligibility Criteria

This work considered randomized controlled trials (RCTs) evaluating the effectiveness
of L. fermentum CECT5716 for the prevention of GIs in infants in comparison with placebo.
To be selected for analysis, studies had to meet the participants, intervention, control,
outcome, and study design (PICOS) criteria [20]. Hence, eligible populations were healthy
female and male infants who were being fed infant formula. Ethnicity was not an inclusion
criterion. All doses and forms of L. fermentum CECT5716 administration were included.
The GI incidence was the main outcome. Regarding the study design, prospective, parallel,
and crossover RCTs were included. The study sample size was not restricted. To be
considered for the full-text screening phase, the abstract had to be available in English or
Spanish. Conference abstracts, case reports, ecological studies, and letters to the editor were
excluded, as were those studies with cohort or case-control design and those analyzing the
effect of other probiotics and/or bioactive compounds as the only intervention.

2.2. Search Strategy

We conducted a systematic, computerized literature search from inception until 15
June 2021 in the following three electronic databases: MEDLINE (via PubMed), Web of Sci-
ence (WoS), and Cochrane Central Register of Controlled Trials (via CENTRAL). We created
a search strategy combining index terms and keywords related to (1) “Lactobacillus fer-
mentum CECT5716, Limosilactobacillus fermentum”, (2) “gastrointestinal infections”, and
(3) “childhood”. No filters were applied to ensure the sensitivity of the search. The detailed
search strategies used for the respective databases are presented in Supplementary Material
S2. The reference lists of the included studies and similar reviews were hand-searched
independently by two reviewers (B.P.-V. and R.B.-R.) to identify additional studies. Finally,
complementary internet searches were conducted, and two trial registries (ClinicalTrials.gov:
http:/ /www.clinicaltrials.gov, accessed on 15 June 2021, and EU Clinical Trials Register:
http://www.clinicaltrialsregister.eu, accessed on 15 June 2021) were additionally revised.
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2.3. Study Selection

After the removal of duplicate studies, titles, abstracts, and full texts were screened
according to the aforementioned selection criteria. Two researchers (B.P.-V. and R.B.-
R.) completed all steps of the screening process independently, and discrepancies were
resolved by discussion; if necessary, another reviewer was consulted (M.O.). During the
full-text screening, a list with references not meeting eligibility criteria was kept, with
notes for the reasons for exclusion. Data on the study design, population characteristics,
exposures, comparator/control groups, outcomes, statistical methods, and results were
assessed independently by two reviewers (B.P.-V. and R.B.-R.). Differences were resolved
by discussion.

2.4. Data Extraction and Assessment of the Risk of Bias

Cochrane Review Manager (RevMan) (Computer program, Version 5.4. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2011) was used for data extrac-
tion. Data for the authors, year of publication, language, study characteristics, participant
description, intervention characteristics, outcomes, and statistical analysis were extracted
independently by two reviewers (B.P-V. and R.B.-R.). Differences were resolved by discus-
sion. The number of GI events was used as the unit of analysis. For studies with more than
one intervention arm, only arms relevant to the review and meeting the inclusion criteria
were extracted. For missing data, authors of eligible RCTs were contacted via email. The
most relevant data are summarized in Table 1. The reviewers independently, but without
being blinded to the authors or journal, assessed the risk of bias in the studies that met
the inclusion criteria. A summary graphic of the risk of bias assessment was created using
RevMan, Version 5.4 (The Nordic Cochrane Centre, Copenhagen, Denmark), which in-
cludes the following criteria: adequacy of sequence generation, allocation concealment and
blinding of participants, personnel and outcome assessment, extent of loss to follow-up, i.e.,
the proportion of patients for whom the investigators were not able to determine outcomes
(incomplete outcome data), and other biases not classified (e.g., use of invalidated outcome
measures) that must be reported. The classification was low risk of bias or high risk of bias
and unclear bias when the study did not provide sufficient data to assess the bias risk [21].

2.5. Data Synthesis

We pooled data from the trials we judged to be clinically homogeneous using RevMan
5.4, and meta-analyses were performed with STATA v.14.0 software (Stata Corp LLC,
Lakeway Drive, College Station, TX, USA). Dichotomous outcomes from the results of
individual studies and pooled statistics are reported as the incidence rate ratio (IRR)
between experimental and control groups with the 95% confidence interval (95% CI). The
IRR and 95% CI were extracted from individual studies and combined to obtain a pooled
IRR and 95% CI by the generic inverse variance method. As heterogeneity among the
studies was suspected, a random-effects model was applied. Heterogeneity was quantified
by I? (interpreted as the percentage of the total variation between studies attributable to
heterogeneity rather than to chance). We considered an 12 statistic value of 0% to 40%
as low heterogeneity, 41% to 60% as moderate heterogeneity, 61% to 90% as substantial
heterogeneity, and over 91% as considerable heterogeneity [20].
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Table 1. Summary of characteristics of included studies.

Time of

Authors (Year) Study Design Setting N Sample Intervention Intervention Findings Summary
Intervention: Standard
Hospital Virgen de las Lo . powdered infant formula ?
Nieves (Granada, Randomized: 137 (IG:66, with GOS supplemented or I
. . . . CG:71) Healthy 1-month-old . .. . IG: | incidence of GI (IR:
. RCT, double blind, Spain), Hospital Reina . . . not with a probiotic strain. From 1 to
Gil-Campos et al. (2012) . . . . Analyzed at the end of infants with exclusively - 0.082 4+ 0.037) vs. CG
controlled, multi-center Sofia (Cérdoba, Spain), Follow up: 4 visits 6 months old
. the study: 121 (IG:61, formula-fed . (IR: 0.283 4 0.068)
Hospital Carlos Haya CG:60) Experimental product and
(Malaga, Spain) ’ dose L. fermentum CECT5716
(8.4 x 108 cfu/day)®
y
Hospital San Cecilio Int:;g::gogffﬁr;ﬁz? la?
(Granada, Spain), Randomized: 215 p(?th G(§S 1 tu d
RCT. double blind Hospital Virgen de las ~ (IG:117, CG:98) Healthy 6-month-old 1% 2™ S PR Sl e O 6t IG: | incidence of GI (IR:
Maldonado et al. (2012) ’ . Nieves (Granada, Analyzed at the end of infants, exclusively probic ’ 0.196 £ 0.51) vs. CG (IR:
controlled, multi-center ) X Follow up: 3 visits 12 months old
Spain), Hospital de the study: 188 (1G:97, formula-fed Experimental product and 0.363 + 0.53)
Poniente (El Ejido, CG91) d perl ! p
Almeria, Spain) ose: : L. fermentum
¢ CECT5716 (2 x 108 cfu/day)
Hospital Virgen de las
Nieves (Granada,
Spa’m), Hospltal Relpa Intervention: Standard
Sofia (Cérdoba, Spain), dered infant f laa
Pediatric Clinic Randomized: 160 pow 1ere m ;nt ormu ah
andomized: _ ~ supplemented or not with a e .
RCT, double blind, Roquet'as de Mar (IG1:83, CG:77) Healthy 1 m01'1th old probiotic strain. Follow up: From 1 to IG: | incidence of GI (IR:
Maldonado et al. (2019) . (Almeria, Spain), infants, exclusively .. 0.385 £+ 0.077) vs. CG
controlled, multi-center VAP Analyzed per-protocol: 6 visits 12 months old
Pediatric Clinic Cristo formula-fed . (IR: 0.689 + 0.106)
de la Salud (Granada 126 (IG1:65, CG:61) Experimental product and
Spain), 7 Pediatric ! dose: : L. fermentum CECT5716

9 8 c
Services from the (1 x 10°-8 x 10° cfu/day)

Andalusian Public
Health System (Spain)

Abbreviations: cfu, colony-forming units; RCT, randomized clinical trial; GOS, galactooligosaccharides; IG, intervention group; CG, control group; IR, incidence rate; GI, gastrointestinal infection. # The standard
powdered infant formula had a nutritional composition in accordance with current EU regulations for both starter and follow-on formula. P Data kindly provided by the authors. ¢ The daily consumption of the
formula corresponded to an average dosage of probiotic bacteria of 1 x 10° cfu/day up to 6 months and 7-8 x 10® cfu/day between 6 and 12 months.
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2.6. Quality of the Evidence

We graded the strength of the body of evidence for the effect of L. fermentum CECT5716
on the incidence rate of GIs in infants using the criteria of the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) method [22], as modified by the
Cochrane Handbook for Systematic Reviews of Interventions [23]. This approach assesses
five key domains: risk of bias, heterogeneity, directness, precision of the evidence, and risk
of publication bias. We separately report the applicability of the body of evidence based on
descriptions of the populations, interventions, comparators, duration of study, and settings
of the included studies. To evaluate publication bias, we intended to use a test for funnel
plot asymmetry offered by [24]; however, publication bias was not formally assessed using
a funnel plot due to the small number of studies (<10) included in the meta-analysis.

3. Results

Figure 1 shows the RCTs retrieved and selected through the literature search. A
total of 68 records were obtained using the equation proposed in the different databases
(MEDLINE, WoS and Cochrane). Following the removal of duplicates, 58 references were
included in the title screening. The topic under review was not addressed by 39 abstracts,
and these studies were therefore excluded. The abstracts of the remaining 19 publications
were screened for eligibility following the PICOS criteria. Articles that did not follow the
PICOS criteria, study protocols, or conference abstracts were excluded. Ultimately, three
publications were considered suitable for a detailed evaluation of full-text reports and
included in the systematic review and meta-analysis [4,25,26].

—
=
o
® Records identified through database searching Additional records identified through
EE (n=68) other sources (n = 0)
e PubMed (n = 8)
g WoS (n = 46)
=T Cochrane Library (n = 14)
o
h 4
—
Record titles screened after duplicates removed
(n=58)
1]
=
[=
g v
5]
(2] Abstracts (n =19) screened > Records excluded (n = 39)
~—/
v
( Records full text or entry screened (n = 3) Full text articles excluded (n = 16)
Databases: (n = 3) > Study protocol (n = 1)
Similar systematic reviews (n = 0) Conference Abstract (n = 3)
*? Outcome (n =11)
i) Other (n=1)
&
= ¥
Studies identified as eligible (n = 3)
Databases: Journal articles (n = 3)
S Similar systematic reviews (n = 0)
Internet searches (n = 0)
—
¥
-U . . a % 4 .
% Studies included in qualitative (systematic
= review) and guantitative (meta-analysis)
E synthesis (n = 3)
|

Figure 1. PRISMA flow diagram illustrating the selection process of included studies.
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3.1. Study Characteristics

The characteristics of the included RCTs are presented in Table 1. The included
randomized trials of a total of 512 infants, of whom 435 were followed up. All included
studies were double-blind, randomized, controlled trials and published in English. All
studies were conducted in Spain [4,25,26]. Two were published in 2012 [4,24], and the other
was published in 2019 [25]. All the studies included healthy infants exclusively fed formula,
with an age ranging from one month [4,25] to six months [24]. The diagnosis of infectious
disease was made by the pediatrician based on specific symptoms and standardized
definition. The primary outcome evaluated in Gil-Campos et al. and in Maldonado et al.
(2019) was the average weight gain between baseline and four months of age [4,25]. In
both studies, the incidence of GIs was one of the secondary outcomes, as defined as loose
or watery stools >3 times/day, with or without fever or vomiting [4,25]. However, in
Maldonado et al. (2012) (infants age: 6-12 months), the incidence of GI (as a primary
outcome) was the occurrence of loose or watery stool >4 times/day, with or without a
fever or vomiting [24].

The daily dose of L. fermentum CECT5716 administrated was 8.4 x 10% colony-forming
units (cfu) in Gil-Campos et al. [4], 1 x 10° cfu up to six months, and 7-8 x 108 cfu between
six and 12 months in Maldonado et al. (2019) [25] and 2 x 10® cfu in Maldonado et al.
(2012) [24]. The duration of the intervention period ranged from five to 11 months. In
all the studies, L. fermentum CECT5716 was administered as an ingredient of a standard
powdered infant formula with a nutritional composition in accordance with current EU
regulations. Maldonado et al. (2012) [24] and Gil-Campos et al. [4] supplemented infant
formula with galactooligosaccharides (GOSs) (0.4 and 0.3 g/100 mL, respectively) along
with probiotics to provide a symbiotic mixture; their control formula also contained GOSs
in the same amount. Follow-up visits were performed by pediatricians at baseline and
every two months in the case of Gil-Campos et al. and at baseline and every three months
in Maldonado et al. (2012) and (2019) [24,25].

The concentration of the probiotic in the formula was analyzed and confirmed every
two months in the three RCTs. Regarding safety, all formulas were well tolerated, and
compliance was good. Furthermore, no adverse effects related to formula consumption
were reported.

3.2. Overall Results

GI data from the three included studies were synthesized in a random-effects model.
A forest plot shows the results of the analysis, with the sample size and number of GI events
for each group in each study (Figure 2). Additionally, the IRR with 95% CI were noted,
with the incidence rate of GIs being lower in the intervention group in all studies. Pooled
results showed a significant reduction in the incidence rate of GIs in children receiving
L. fermentum CECT5716 with children receiving the placebo (n = 435, IRR: 0.52, 95% CI:
0.36-0.74, p = 0.0004). Heterogeneity between studies was moderate (1% = 54.5%) (Figure 2).

L. Fermentum CECT5716 Control . | )
Study GlEvents  Total GlEvents Total Incidence Rate Ratio (95% CI) Weight

Gil-Campos M et al. 2012 5 61 17 60 —-— 0.29[0.09,0.83] 10.2%
Maldonado J et al. 2012 19 97 33 91 ——| 054[0.31,095] 423%
Maldonado J et al. 2019 25 65 2 61 ——| 0.56[0.33,0.94] 47.5%
Overall 49 223 92 212 <> | 0.52[0.36,0.74]  100%
Z=3.57; P=0.0004; |2 = 54 5% f f f

’ 01 02 05 1

Figure 2. Forest plots illust
infants. Abbreviations: CI,

rating the effect of L. fermentum CECT5716 interventions on the incidence of GIs in formula-fed
confidence interval; GI, gastrointestinal infection.



Microorganisms 2021, 9, 1412

7 of 13

3.3. Risk of Bias Assessment

The results of the bias risk assessment of the included studies are summarized in
Figure 3. None of the included studies were rated as having a low risk of bias for all
items of the assessment tool. Two studies received no high risk of bias ratings [4,25]. All
studies were found to have employed adequate random sequence-generation methods
and suitable methodology for the blinding of participants and personnel, clearly described
all missing data (if any), and reported all outcomes (Figure 3). Only one study presented
incomplete information about the blinding of the outcome assessment [4]. In all three
studies, insufficient information on allocation concealment was provided. Finally, one
study presented a high risk of bias because of a lack of declared conflict of interest of one
author who was an employee of the company that funded the RCT [24].

Gil-Campos M et al. 2012

Maldonado J et al. 2012

. ‘ . Incomplete outcome data (attrition bias)
‘ . . Selective reporting (reporting bias)

. ‘ . Other bias

‘ . ‘ Blinding of participants and personnel (performance bias)
. ‘ @ Blinding of outcome assessment (detectionbias)

. . . Random sequence generation (selection bias)
@ @ @ Allocation concealment (selectionbias)

Maldonado J et al. 2019

Figure 3. Summary of risk of bias assessment of included studies. Green (+): Low risk; Red (—):
High risk; Yellow (?): Unclear risk.

3.4. GRADE Assessment

All the studies presented in this meta-analysis were RCTs, which are considered to
provide the highest quality of evidence; however, the quality of the body of evidence was
considered moderate. As indicated in the risk of bias assessment, only one study presented
one of the evaluated items as having a high risk of bias; thus, we considered that there
were no limitations that may bias estimates of the treatment effect. The number of studies
included in the meta-analysis hindered the performance of subgroup analyses to identify a
plausible explanation for the moderate heterogeneity found, prompting the downgrading
of the strength of the body of evidence from high to moderate. Moreover, the evidence was
direct because all the studies presented data on Gl events diagnosed by a pediatrician based
on specific symptoms and standardized definitions. The precision of the effect estimate was
assessed by considering the 95% CI, which was found to be of moderate width. Although
publication bias was not formally assessed using a funnel plot due to the small number
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of studies, there was a low probability of unreported studies due to the specificity of the
review question.

4. Discussion

The current systematic review examined RCTs evaluating the effect of L. fermentum
CECT5716 on the incidence rate of Gls in infants. Meta-analysis showed evidence for
a significant preventive effect of L. fermentum CECT5716 administration against GIs. A
significant reduction of 48% in the incidence rate in infants receiving L. fermentum CECT5716
was reported in comparison with those receiving the placebo (IRR: 0.52, 95% CI: 0.36-0.74,
p = 0.0004). Gil-Campos et al. reported the largest significant finding, with a reduced
incidence of diarrhea of 71% compared with the control group (IRR: 0.29, 95% CI: 0.09-0.83,
p = 0.018) [4]. Furthermore, Maldonado et al. (2012) showed a significant reduction of 46%
compared with controls (IRR: 0.54, 95% CI: 0.31-0.95, p = 0.032) [24]. Finally, Maldonado
et al. (2019) reported similar data, with a reduction of 44% vs. controls (IRR: 0.56, 95% CI:
0.33-0.94, p = 0.014) [25]. Moreover, the lack of a high risk of bias identified during the
assessment increased confidence in the findings of these RCTs.

GI is the major cause of acute diarrhea and has been proposed as an important
target for the beneficial effects of probiotics on pediatric diseases [27,28]. Diarrhea, as
one of the gastrointestinal disorders that commonly occurs, causes distress to infants and
parents and leads to a cascade of discomfort, with repetitive consultations with health care
providers [29]. Diarrhea is a major infectious cause of childhood morbidity and mortality
worldwide [30] with an emotional and economic burden for the families of affected children,
as well as a burden on society [31]. In fact, reports of Gls in many industrialized countries
continue to increase and are largely related to waterborne and foodborne outbreaks [32],
which can cause pediatric caregivers to misuse primary care and GI specialized care,
driving unnecessary investigations and pharmacological treatments [33].

Over the last few years, there have been an increasing appreciation and emphasis
on promoting breast milk feeding to enhance infant health, growth, and development.
Indeed, as a source of commensal bacteria that further enhanced infant health, breast
milk offers further benefits associated with breastfeeding, including protection against
pathogens, promotion of gut colonization by beneficial microbes, and, therefore, reduced
incidences of gastrointestinal disease [34]. The isolation of potential probiotic strains from
milk has been the focus of some investigations [12,35]. Overall, the early stages of life
represent an opportunistic period in which the gut microbiota may be more prone to
changes caused by interventions involving probiotics, prebiotics, or their combinations [36].
Their administration during the perinatal period and lactation to favor infant gut col-
onization with potentially beneficial bacteria has been proposed based on the strength
of evidence that bacteria are transmitted from mother to neonate through direct contact
with the maternal microbiota during birth and through the supply of breast-milk bacteria
during lactation [37,38]. Nevertheless, although probiotics may have preventive or ther-
apeutic effects against diarrhea of various etiologies, not all probiotics are effective, and
physicians must select preparations with proven efficacy [39]. L. fermentum CECT5716 is
a probiotic strain originally isolated from four-day postpartum human milk [40] and is
therefore naturally found in human breast milk. Different mechanisms, including com-
petitive phenomena, production of antibacterial compounds, and improvement of the
immune response, have been attributed to the anti-infectious and bactericidal activities of
L. fermentum CECT5716 [12,13].

Furthermore, the beneficial properties of prebiotics such as oligosaccharides mainly
relay on their ability to modulate the gut microbiota composition and to generate fermenta-
tion products (short-chain fatty acids), providing anti-inflammatory and anti-infectious
properties [41]. The administration of GOS along with the probiotic, both in Gil-Campos
et al. [4] and Maldonado et al. (2012) [25], may explain a synergistic effect enhancing the
beneficial effect of L. fermentum CECT5716. However, it is important to highlight that, in
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these studies, the control formula also presented GOS, and therefore the potential effect
that was observed is, at least mainly, exerted by the probiotic.

Regarding other probiotic strains, controversial findings have been reported. In some
studies, Bifidobacterium animalis subsp. lactis BB-12 was administered (10 billion cfu/day)
to 1-month-old infants for eight months [42] and for two years [43] to evaluate impacts
on the risk of acute infectious diseases. The authors reported no significant differences
compared with controls regarding the incidence of gastrointestinal infections, in accordance
with the findings reported in other RCTs combining B. animalis subsp. lactis BB-12 with
prebiotics [44]. In an RCT involving children aged six to 59 months with severe acute
malnutrition, the combination of B. animalis subsp. lactis and Lactobacillus rhamnosus
(10 billion cfu, 50:50) for 8-12 weeks had no effect on reducing diarrhea episodes during
hospitalization, though it did reduce the number of days with diarrhea by 26% in outpatient
treatment [45]. Other studies administrating the same combination of probiotics did not
report a significant reduction in the incidence of GIs during the first seven months of life
in 2-month-old infants [46] or after six months in infants aged 8 to 14 months [47]. For
Lactobacillus plantarum DSM9843, no beneficial effect was observed for the incidence of
gastrointestinal symptoms in children who were prescribed antibiotics [48]; nor in B. lactis
CNCM 1-3446 in C-section delivered infants [49] or combined with oligosaccharides in full-
term infants [50]. Nevertheless, another RCT involving healthy term infants 4 to 10 months
old found that those fed a formula supplemented with L. reuteri or B. lactis BB-12 had fewer
and shorter episodes of diarrhea compared with controls after 12 weeks [51]. Furthermore, a
meta-analysis of three RCTs performed to assess the efficacy of L. rhamnosus administration
to prevent healthcare-associated diarrhea concluded that compared with the placebo,
this probiotic has the potential to reduce the overall incidence of healthcare-associated
diarrhea, including rotavirus gastroenteritis [52]. According to the report published by the
ESPGHAN Committee in 2016, the use of L. rhamnosus is recommended for preventing
antibiotic-associated diarrhea in children [53]. Based on the data presented herein, L.
fermentum CECT5716 is another promising candidate to reduce the incidence of GIs in 1- to
12-month-old infants.

5. Strengths and Limitations

Our systematic review has several strengths. The review was based on the methodol-
ogy developed by Cochrane Collaboration and reported according to the PRISMA state-
ment, and we sought to decrease the risk of bias (i.e., no filters were applied during the
search strategy, attempts to identify unpublished trials). The risk of bias in the included
trials was also assessed. Finally, our review focused on a single probiotic strain; thus,
the findings are clinically relevant and applicable to practice. Nevertheless, the current
meta-analysis has some limitations. First, only a small number of studies were available.
However, all included studies were RCTs with more than 100 participants, which increased
the methodological quality of the body of evidence, as outlined in the GRADE assess-
ment [22]. Second, the unexplained moderate heterogeneity found downgraded the quality
of the evidence. Another limitation is the fact that one of the studies [24] used a different
dose of the probiotic compared to the other two [4,25]. Although some studies found a
relationship between dose and the observed effect for other probiotic strains [54,55], the
results observed in this meta-analysis did not support a dose-response effect for L. fermen-
tum CECT5716. This observation is also in agreement with the nondependent dose effect
exerted by L. fermentum for other applications [16]. Finally, although GI was diagnosed
by a pediatrician in all three studies, the definition of diarrhea was not homogeneous.
Indeed, the Consensus Group on Outcome Measures Made in Pediatric Enteral Nutrition
Clinical Trials (COMMENT) agreed that consensus for a core set of outcomes with agreed
definitions, including those related to acute diarrhea, should be reached and that these
outcomes should be measured and reported in nutritional trials [56].
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6. Implications

In Europe, it is estimated that the incidence of acute GI ranges from 0.5 to 2 episodes
per child per year in those under the age of three [57]. Effective preventive strategies for
this pathology, which is a major reason for hospitalization in this age range, are required
to improve infant health. The data reported are promising, and early administration of L.
fermentum CECT5716 might be effective as a preventive therapy for GL

Furthermore, breastfed infants have a lower incidence of infections than those fed
with formula. Hence, formula milk is increasingly being supplemented with probiotics,
prebiotics, or symbiotics to achieve an intestinal microbiota in formula-fed infants similar
to that in breastfed infants. The current meta-analysis strengthens the evidence with regard
to the effect of formula milk supplemented with L. fermentum CECT5716 for preventing
GIs in infants from birth to one year of life. Additionally, this supplementation has been
demonstrated to be well tolerated and without adverse effects. Nevertheless, given the
study population, more evidence is necessary. Further studies including groups with a
larger number of infants and longer time periods are recommended for applying specific
recommendations. Follow-up studies will also be useful to guarantee the effect and safety.
Only Gil-Campos et al. performed follow-up to evaluate long-term effects after three
years [58]. The authors declared that early administration was safe, with no differences in
infection incidence in comparison to control formula during the follow-up period. Thus,
future RCTs should include subsequent monitoring after the intervention.

7. Conclusions

The findings of this systematic review and meta-analysis suggest a beneficial effect of
L. fermentum CECT5716, a probiotic strain naturally found in breast milk, on the prevention
of GlIs in infants up to 12 months old. The use of a milk formula containing doses from
1 x 10° to 8.4 x 10® cfu/day of this probiotic reduces the incidence of diarrhea events
without causing adverse events. As only three RCTs have been performed thus far, further
studies including a larger number of infants and a longer time period should be performed
to determine whether the use of this strain during an early stage of life is an efficient
preventive measure to reduce the incidence of GIs and to address specific recommendations.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/microorganisms9071412/s1, Supplementary Material S1: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement, Supplementary Material S2: Detailed
information of the search strategies.

Author Contributions: Conceptualization, B.P.-V. and M.O.; methodology, B.P.-V. and R.B.-R.; soft-
ware, R.B.-R,; validation, B.P.-V,, R.B.-R., and M.O.; formal analysis, R.B.-R.; investigation, B.P.-V.,
R.B.-R., and M.O.; resources, R.B.-R. and M.O.; data curation, B.P-V. and R.B.-R.; writing—original
draft preparation, B.P.-V. and R.B.-R.; writing—review and editing, M.O.; visualization, B.P.-V. and
R.B.-R.; supervision, M.O.; project administration, M.O. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All the studies were conducted according to the guidelines
of the Declaration of Helsinki, and approved by the Regional Ethics Committee of the “Sistema
Andaluz de Salud” (Seville, Spain).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
studies.

Acknowledgments: The authors are thankful to all authors of the included studies for facilitating
the procurement of additional study data.

Conflicts of Interest: B.P-V. has been an employee of Biosearch Life. R.B.-R. and M.O. are employees
of Biosearch Life. Biosearch Life is the owner of the patent for L. fermentum CECT5716. The authors
declare no other conflict of interest.


https://www.mdpi.com/article/10.3390/microorganisms9071412/s1
https://www.mdpi.com/article/10.3390/microorganisms9071412/s1

Microorganisms 2021, 9, 1412 11 of 13

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

Cacho, N.T.; Lawrence, R.M. Innate immunity and breast milk. Front. Immunol. 2017, 8, 584. [CrossRef]

Martin, R.; Langa, S.; Reviriego, C.; Jiminez, E.; Marin, M.L.; Xaus, J.; Fernandez, L.; Rodriguez, ].M. Human milk is a source of
lactic acid bacteria for the infant gut. J. Pediatr. 2003, 143, 754-758. [CrossRef]

Harmsen, H.J.M.; Wildeboer-Veloo, A.C.M.; Raangs, G.C.; Wagendorp, A.A.; Klijn, N.; Bindels, ].G.; Welling, G.W. Analysis of
intestinal flora development in breast-fed and formula-fed infants by using molecular identification and detection methods. J.
Pediatr. Gastroenterol. Nutr. 2000, 30, 61-67. [CrossRef]

Gil-Campos, M.; Lopez, M.A; Rodriguez-Benitez, M.V.; Romero, J.; Roncero, I.; Linares, M.D.; Maldonado, J.; Lopez-Huertas, E.;
Berwind, R.; Ritzenthaler, K.L.; et al. Lactobacillus fermentum CECT 5716 is safe and well tolerated in infants of 1-6 months of age:
A Randomized Controlled Trial. Pharmacol. Res. 2012, 65, 231-238. [CrossRef]

Bahl, R.; Frost, C.; Kirkwood, B.R.; Edmond, K.; Martines, J.; Bhandari, N.; Arthur, P. Infant feeding patterns and risks of death
and hospitalization in the first half of infancy: Multicentre cohort study. Bull. World Health Organ. 2005, 83, 418—426.

Duijts, L.; Jaddoe, VW.V.; Hofman, A.; Moll, H.A. Prolonged and exclusive breastfeeding reduces the risk of infectious diseases in
infancy. Pediatrics 2010, 126, e18-e25. [CrossRef]

Bond, D.M.; Morris, ].M.; Nassar, N. Study protocol: Evaluation of the probiotic Lactobacillus fermentum CECT5716 for the
prevention of mastitis in breastfeeding women: A randomised controlled trial. BMC Pregnancy Childbirth 2017, 17, 148. [CrossRef]
Wolvers, D.; Antoine, ].M.; Myllyluoma, E.; Schrezenmeir, J.; Szajewska, H.; Rijkers, G.T. Guidance for substantiating the
evidence for beneficial effects of probiotics: Prevention and management of infections by probiotics. J. Nutr. 2010, 140, 6985-712S.
[CrossRef] [PubMed]

Zheng, J.; Wittouck, S.; Salvetti, E.; Franz, C.M.A.P.,; Harris, H.M.B.; Mattarelli, P.; O’toole, PW.; Pot, B.; Vandamme, P.; Walter, J.;
et al. A taxonomic note on the genus Lactobacillus: Description of 23 novel genera, emended description of the genus Lactobacillus
beijerinck 1901, and union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 2020, 70, 2782-2858. [CrossRef]
[PubMed]

Lopez-Huertas, E. Safety and efficacy of human breast milk Lactobacillus fermentum CECT 5716. A mini-review of studies with
infant formulae. Benef. Microbes 2015, 6, 219-224. [CrossRef] [PubMed]

Lara-Villoslada, F; Sierra, S.; Diaz-Ropero, M.P.; Rodriguez, ].M.; Xaus, J.; Olivares, M. Safety assessment of Lactobacillus fermentum
CECT5716, a probiotic strain isolated from human milk. J. Dairy Res. 2009, 76, 216-221. [CrossRef] [PubMed]

Olivares, M.; Diaz-Ropero, M.P.; Martin, R.; Rodriguez, ].M.; Xaus, J. Antimicrobial potential of four Lactobacillus strains isolated
from breast milk. J. Appl. Microbiol. 2006, 101, 72-79. [CrossRef]

Diaz-Ropero, M.P,; Martin, R.; Sierra, S.; Lara-Villoslada, F.; Rodriguez, ].M.; Xaus, J.; Olivares, M. Two Lactobacillus strains,
isolated from breast milk, differently modulate the immune response. J. Appl. Microbiol. 2007, 102, 337-343. [CrossRef] [PubMed]
Peran, L.; Camuesco, D.; Comalada, M.; Nieto, A.; Concha, A.; Adrio, J.L.; Olivares, M.; Xaus, J.; Zarzuelo, A.; Galvez, J.
Lactobacillus fermentum, a probiotic capable to release glutathione, prevents colonic inflammation in the TNBS model of rat colitis.
Int. J. Colorectal Dis. 2006, 21, 737-746. [CrossRef] [PubMed]

Peran, L; Sierra, S.; Comalada, M.; Lara-Villoslada, F.; Bailon, E.; Nieto, A.; Concha, A.; Olivares, M.; Zarzuelo, A.; Xaus, J.; et al.
A comparative study of the preventative effects exerted by two probiotics, Lactobacillus reuteri and Lactobacillus fermentum, in the
trinitrobenzenesulfonic acid model of rat colitis. Br. J. Nutr. 2007, 97, 96. [CrossRef]

Arroyo, R.; Martin, V,; Maldonado, A.; Jiménez, E.; Ferndndez, L.; Rodriguez, ].M. Treatment of Infectious Mastitis during
Lactation: Antibiotics versus Oral Administration of Lactobacilli Isolated from Breast Milk. Clin. Infect. Dis. 2010, 50, 1551-1558.
[CrossRef] [PubMed]

Maldonado-Lobén, J.A.; Diaz-Lopez, M. A.; Carputo, R.; Duarte, P.; Diaz-Ropero, M.P,; Valero, A.D.; Safiudo, A.; Sempere, L.;
Ruiz-Lépez, M.D.; Bafiuelos, O.; et al. Lactobacillus fermentum CECT 5716 Reduces Staphylococcus Load in the Breastmilk of
Lactating Mothers Suffering Breast Pain: A Randomized Controlled Trial. Breastfeed. Med. 2015, 10, 425-432. [CrossRef]
Hurtado, J.A.; Maldonado-Lobén, J.A.; Diaz-Ropero, M.P.; Flores-Rojas, K.; Uberos, J.; Leante, J.L.; Affumicato, L.; Couce,
M.L.; Garrido, ].M.; Olivares, M.; et al. Oral Administration to Nursing Women of Lactobacillus fermentum CECT5716 Prevents
Lactational Mastitis Development: A Randomized Controlled Trial. Breastfeed. Med. 2017, 12, 202-209. [CrossRef]

Mobher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. J. Clin. Epidemiol. 2009, 62, 1006-1012. [CrossRef]

Cochrane Handbook for Systematic Reviews of Interventions | Cochrane Training. Available online: https://training.cochrane.
org/handbook/current (accessed on 24 April 2021).

Chapter 8: Assessing Risk of Bias in a Randomized Trial | Cochrane Training. Available online: https://training.cochrane.org/
handbook/current/chapter-08 (accessed on 25 April 2021).

Oxman, A.D. Grading quality of evidence and strength of recommendations. Br. Med. ]. 2004, 328, 1490-1494.

Chapter 15: Interpreting Results and Drawing Conclusions | Cochrane Training. Available online: https://training.cochrane.org/
handbook/current/chapter-15 (accessed on 28 April 2021).

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. Br. Med. J. 1997, 315,
629-634. [CrossRef] [PubMed]


http://doi.org/10.3389/fimmu.2017.00584
http://doi.org/10.1016/j.jpeds.2003.09.028
http://doi.org/10.1097/00005176-200001000-00019
http://doi.org/10.1016/j.phrs.2011.11.016
http://doi.org/10.1542/peds.2008-3256
http://doi.org/10.1186/s12884-017-1330-8
http://doi.org/10.3945/jn.109.113753
http://www.ncbi.nlm.nih.gov/pubmed/20107143
http://doi.org/10.1099/ijsem.0.004107
http://www.ncbi.nlm.nih.gov/pubmed/32293557
http://doi.org/10.3920/BM2014.0091
http://www.ncbi.nlm.nih.gov/pubmed/25519525
http://doi.org/10.1017/S0022029909004014
http://www.ncbi.nlm.nih.gov/pubmed/19281631
http://doi.org/10.1111/j.1365-2672.2006.02981.x
http://doi.org/10.1111/j.1365-2672.2006.03102.x
http://www.ncbi.nlm.nih.gov/pubmed/17241338
http://doi.org/10.1007/s00384-005-0773-y
http://www.ncbi.nlm.nih.gov/pubmed/16052308
http://doi.org/10.1017/S0007114507257770
http://doi.org/10.1086/652763
http://www.ncbi.nlm.nih.gov/pubmed/20455694
http://doi.org/10.1089/bfm.2015.0070
http://doi.org/10.1089/bfm.2016.0173
http://doi.org/10.1016/j.jclinepi.2009.06.005
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current/chapter-08
https://training.cochrane.org/handbook/current/chapter-08
https://training.cochrane.org/handbook/current/chapter-15
https://training.cochrane.org/handbook/current/chapter-15
http://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563

Microorganisms 2021, 9, 1412 12 of 13

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Maldonado, J.; Cafiabate, F.; Sempere, L.; Vela, F.; Sanchez, A.R.; Narbona, E.; Lopez-Huertas, E.; Geerlings, A.; Valero, A.D.;
Olivares, M.; et al. Human Milk Probiotic Lactobacillus fermentum CECT5716 Reduces the Incidence of Gastrointestinal and Upper
Respiratory Tract Infections in Infants. |. Pediatr. Gastroenterol. Nutr. 2012, 54, 55-61. [CrossRef] [PubMed]

Maldonado, J.; Gil-Campos, M.; Maldonado-Lobédn, J.A.; Benavides, M.R.; Flores-Rojas, K.; Jaldo, R.; Jiménez Del Barco, I.;
Bolivar, V,; Valero, A.D.; Prados, E.; et al. Evaluation of the safety, tolerance and efficacy of 1-year consumption of infant formula
supplemented with Lactobacillus fermentum CECT5716 Lc40 or Bifidobacterium breve CECT7263: A randomized controlled trial.
BMC Pediatr. 2019, 19, 1-15. [CrossRef] [PubMed]

Hashemi, A.; Villa, C.R.; Comelli, E.M. Probiotics in early life: A preventative and treatment approach. Food Funct. 2016, 7,
1752-1768. [CrossRef]

Lai, H.H.; Chiu, C.H.; Kong, M.S.; Chang, C.J.; Chen, C.C. Probiotic Lactobacillus casei: Effective for managing childhood diarrhea
by altering gut microbiota and attenuating fecal inflammatory markers. Nutrients 2019, 11, 1150. [CrossRef]

Mahon, J.; Lifschitz, C.; Ludwig, T.; Thapar, N.; Glanville, J.; Miqdady, M.; Saps, M.; Quak, S.H.; Lenoir Wijnkoop, I.; Edwards,
M.; et al. The costs of functional gastrointestinal disorders and related signs and symptoms in infants: A systematic literature
review and cost calculation for England. BMJ] Open 2017, 7, e015594. [CrossRef]

Fischer Walker, C.L.; Rudan, I; Liu, L.; Nair, H.; Theodoratou, E.; Bhutta, Z.A.; O’'Brien, K.L.; Campbell, H.; Black, R.E. Global
burden of childhood pneumonia and diarrhoea. Lancet 2013, 381, 1405-1416. [CrossRef]

Zimmerman, C.M.; Bresee, ].S.; Parashar, U.D.; Riggs, T.L.; Holman, R.C.; Glass, R.I. Cost of diarrhea-associated hospitalizations
and outpatient visits in an insured population of young children in the United States. Pediatr. Infect. Dis. ]. 2001, 20, 14-19.
[CrossRef]

Farthing, M.].G. Novel targets for the pharmacotherapy of diarrhoea: A view for the millennium. J. Gastroenterol. Hepatol. 2000,
15, G38-G45. [CrossRef] [PubMed]

Ferreira-Maia, A.P.; Matijasevich, A.; Wang, Y.P. Epidemiology of functional gastrointestinal disorders in infants and toddlers: A
systematic review. World ]. Gastroenterol. 2016, 22, 6547-6558. [CrossRef]

Lyons, K.E.; Ryan, C.A.; Dempsey, E.M.; Ross, R.P,; Stanton, C. Breast Milk, a Source of Beneficial Microbes and Associated
Benefits for Infant Health. Nutrients 2020, 12, 1039. [CrossRef]

Jara, S.; Sanchez, M.; Vera, R.; Cofré, J.; Castro, E. The inhibitory activity of Lactobacillus spp. isolated from breast milk on
gastrointestinal pathogenic bacteria of nosocomial origin. Anaerobe 2011, 17, 474-477. [CrossRef] [PubMed]

Milani, C.; Duranti, S.; Bottacini, F.; Casey, E.; Turroni, F; Mahony, ].; Belzer, C.; Delgado Palacio, S.; Arboleya Montes, S.;
Mancabelli, L.; et al. The First Microbial Colonizers of the Human Gut: Composition, Activities, and Health Implications of the
Infant Gut Microbiota. Microbiol. Mol. Biol. Rev. 2017, 81, €00036-17. [CrossRef]

Schultz, M.; Géttl, C.; Young, R.J.; Iwen, P.; Vanderhoof, ].A. Administration of Oral Probiotic Bacteria to Pregnant Women Causes
Temporary Infantile Colonization. J. Pediatr. Gastroenterol. Nutr. 2004, 38, 293-297. [CrossRef]

Martin, R; Jiménez, E.; Heilig, H.; Fernandez, L.; Marin, M.L.; Zoetendal, E.G.; Rodriguez, ]. M. Isolation of bifidobacteria from
breast milk and assessment of the bifidobacterial population by PCR-denaturing gradient gel electrophoresis and quantitative
real-time PCR. Appl. Environ. Microbiol. 2009, 75, 965-969. [CrossRef]

Guarino, A.; Lo Vecchio, A.; Canani, R.B. Probiotics as prevention and treatment for diarrhea. Curr. Opin. Gastroenterol. 2009, 25,
18-23. [CrossRef]

Martin, R.; Olivares, M.; Marin, M.L.; Fernandez, L.; Xaus, J.; Rodriguez, ].M. Probiotic potential of 3 Lactobacilli strains isolated
from breast milk. J. Hum. Lact. 2005, 21, 8-17. [CrossRef] [PubMed]

Kunz, C.; Rudloff, S. Potential anti-inflammatory and anti-infectious effects of human milk oligosaccharides. Adv. Exp. Med. Biol.
2008, 606, 455-465.

Taipale, T.; Pienihkkinen, K.; Isolauri, E.; Larsen, C.; Brockmann, E.; Alanen, P; Jokela, J.; Soderling, E. Bifidobacterium animalis
subsp. lactis BB-12 in reducing the risk of infections in infancy. Br. J. Nutr. 2011, 105, 409-416. [CrossRef] [PubMed]

Taipale, T.].; Pienihdkkinen, K.; Isolauri, E.; Jokela, ].T.; Soderling, E.M. Bifidobacterium animalis subsp. lactis BB-12 in reducing the
risk of infections in early childhood. Pediatr. Res. 2016, 79, 65-69. [CrossRef] [PubMed]

Bocquet, A.; Lachambre, E.; Kempf, C.; Beck, L. Effect of Infant and Follow-on Formulas Containing B lactis and Galacto- and
Fructo-oligosaccharides on Infection in Healthy Term Infants. J. Pediatr. Gastroenterol. Nutr. 2013, 57, 180-187. [CrossRef]
Grenov, B.; Namusoke, H.; Lanyero, B.; Nabukeera-Barungi, N.; Ritz, C.; Melgaard, C.; Friis, H.; Michaelsen, K.F. Effect of
Probiotics on Diarrhea in Children With Severe Acute Malnutrition. J. Pediatr. Gastroenterol. Nutr. 2017, 64, 396—403. [CrossRef]
Rautava, S.; Salminen, S.; Isolauri, E. Specific probiotics in reducing the risk of acute infections in infancy—A randomised,
double-blind, placebo-controlled study. Br. ]. Nutr. 2009, 101, 1722. [CrossRef]

Laursen, R.P.; Larnkjeer, A.; Ritz, C.; Hauger, H.; Michaelsen, K.FE; Molgaard, C. Probiotics and Child Care Absence Due to
Infections: A Randomized Controlled Trial. Pediatrics 2017, 140, €20170735. [CrossRef]

Olek, A.; Woynarowski, M.; Ahrén, LL.; Kierkus, J.; Socha, P.; Larsson, N.; Onning, G. Efficacy and Safety of Lactobacillus
plantarum DSM 9843 (LP299V) in the Prevention of Antibiotic-Associated Gastrointestinal Symptoms in Children—Randomized,
Double-Blind, Placebo-Controlled Study. J. Pediatr. 2017, 186, 82-86. [CrossRef]

Baglatzi, L.; Gavrili, S.; Stamouli, K.; Zachaki, S.; Favre, L.; Pecquet, S.; Benyacoub, J.; Costalos, C. Effect of Infant Formula
Containing a Low Dose of the Probiotic Bifidobacterium lactis CNCM 1-3446 on Immune and Gut Functions in C-Section Delivered
Babies: A Pilot Study. Clin. Med. Insights. Pediatr. 2016, 10, 11-19. [CrossRef] [PubMed]


http://doi.org/10.1097/MPG.0b013e3182333f18
http://www.ncbi.nlm.nih.gov/pubmed/21873895
http://doi.org/10.1186/s12887-019-1753-7
http://www.ncbi.nlm.nih.gov/pubmed/31630683
http://doi.org/10.1039/C5FO01148E
http://doi.org/10.3390/nu11051150
http://doi.org/10.1136/bmjopen-2016-015594
http://doi.org/10.1016/S0140-6736(13)60222-6
http://doi.org/10.1097/00006454-200101000-00004
http://doi.org/10.1046/j.1440-1746.2000.02264.x
http://www.ncbi.nlm.nih.gov/pubmed/11100992
http://doi.org/10.3748/wjg.v22.i28.6547
http://doi.org/10.3390/nu12041039
http://doi.org/10.1016/j.anaerobe.2011.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21846506
http://doi.org/10.1128/MMBR.00036-17
http://doi.org/10.1097/00005176-200403000-00012
http://doi.org/10.1128/AEM.02063-08
http://doi.org/10.1097/MOG.0b013e32831b4455
http://doi.org/10.1177/0890334404272393
http://www.ncbi.nlm.nih.gov/pubmed/15681631
http://doi.org/10.1017/S0007114510003685
http://www.ncbi.nlm.nih.gov/pubmed/20863419
http://doi.org/10.1038/pr.2015.174
http://www.ncbi.nlm.nih.gov/pubmed/26372517
http://doi.org/10.1097/MPG.0b013e318297f35e
http://doi.org/10.1097/MPG.0000000000001515
http://doi.org/10.1017/S0007114508116282
http://doi.org/10.1542/peds.2017-0735
http://doi.org/10.1016/j.jpeds.2017.03.047
http://doi.org/10.4137/CMPed.S33096
http://www.ncbi.nlm.nih.gov/pubmed/26997881

Microorganisms 2021, 9, 1412 13 of 13

50.

51.

52.

53.

54.

55.

56.

57.

58.

Radke, M.; Picaud, J.-C.; Loui, A.; Cambonie, G.; Faas, D.; Lafeber, H.N.; de Groot, N.; Pecquet, S.S.; Steenhout, P.G.; Hascoet, J.-M.
Starter formula enriched in prebiotics and probiotics ensures normal growth of infants and promotes gut health: A randomized
clinical trial. Pediatr. Res. 2016, 81, 622-631. [CrossRef] [PubMed]

Weizman, Z.; Asli, G.; Alsheikh, A. Effect of a probiotic infant formula on infections in child care centers: Comparison of two
probiotic agents. Pediatrics 2005, 115, 5-9. [CrossRef] [PubMed]

Szajewska, H.; Wanke, M.; Patro, B. Meta-analysis: The effects of Lactobacillus rhamnosus GG supplementation for the prevention
of healthcare-associated diarrhoea in children. Aliment. Pharmacol. Ther. 2011, 34, 1079-1087. [CrossRef]

Szajewska, H.; Canani, R.B.; Guarino, A.; Hojsak, I.; Indrio, F.; Kolacek, S.; Orel, R.; Shamir, R.; Vandenplas, Y.; van Goudoever,
J.B.; et al. Probiotics for the Prevention of Antibiotic-Associated Diarrhea in Children. J. Pediatr. Gastroenterol. Nutr. 2016, 62,
495-506. [CrossRef]

Lee, S.H.; Cho, D.Y;; Lee, S.H.; Han, K.S; Yang, SSW.; Kim, ].H.; Lee, S.H.; Kim, S.M.; Kim, K.N. A randomized clinical trial of
synbiotics in irritable bowel syndrome: Dose-dependent effects on gastrointestinal symptoms and fatigue. Korean J. Fam. Med.
2019, 40, 2-8. [CrossRef]

Zhang, Y.; Li, L.; Guo, C.; Mu, D.; Feng, B.; Zuo, X,; Li, Y. Effects of probiotic type, dose and treatment duration on irritable bowel
syndrome diagnosed by Rome III criteria: A meta-analysis. BMC Gastroenterol. 2016, 16, 1-11. [CrossRef] [PubMed]

Koletzko, B.; Szajewska, H.; Ashwell, M.; Shamir, R.; Aggett, P; Baerlocher, K.; Noakes, P.; Braegger, C.; Calder, P.; Campoy
Folgoso, C.; et al. Documentation of functional and clinical effects of infant nutrition: Setting the scene for COMMENT. Ann.
Nutr. Metab. 2012, 60, 222-232. [CrossRef] [PubMed]

Guarino, A.; Ashkenazi, S.; Gendrel, D.; Lo Vecchio, A.; Shamir, R.; Szajewska, H. European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition/European Society for Pediatric Infectious Diseases Evidence-Based Guidelines for the Management of
Acute Gastroenteritis in Children in Europe. J. Pediatr. Gastroenterol. Nutr. 2014, 59, 132-152. [CrossRef] [PubMed]
Maldonado-Lobén, J.A.; Gil-Campos, M.; Maldonado, J.; Lépez-Huertas, E.; Flores-Rojas, K.; Valero, A.D.; Rodriguez-Benitez,
M.V.; Banuelos, O.; Lara-Villoslada, F.; Fonoll4, J.; et al. Long-term safety of early consumption of Lactobacillus fermentum
CECT5716: A 3-year follow-up of a randomized controlled trial. Pharmacol. Res. 2015, 95-96, 12-19. [CrossRef] [PubMed]


http://doi.org/10.1038/pr.2016.270
http://www.ncbi.nlm.nih.gov/pubmed/28002391
http://doi.org/10.1542/peds.2004-1815
http://www.ncbi.nlm.nih.gov/pubmed/15629974
http://doi.org/10.1111/j.1365-2036.2011.04837.x
http://doi.org/10.1097/MPG.0000000000001081
http://doi.org/10.4082/kjfm.17.0064
http://doi.org/10.1186/s12876-016-0470-z
http://www.ncbi.nlm.nih.gov/pubmed/27296254
http://doi.org/10.1159/000337681
http://www.ncbi.nlm.nih.gov/pubmed/22677876
http://doi.org/10.1097/MPG.0000000000000375
http://www.ncbi.nlm.nih.gov/pubmed/24739189
http://doi.org/10.1016/j.phrs.2015.01.006
http://www.ncbi.nlm.nih.gov/pubmed/25697549

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Search Strategy 
	Study Selection 
	Data Extraction and Assessment of the Risk of Bias 
	Data Synthesis 
	Quality of the Evidence 

	Results 
	Study Characteristics 
	Overall Results 
	Risk of Bias Assessment 
	GRADE Assessment 

	Discussion 
	Strengths and Limitations 
	Implications 
	Conclusions 
	References

