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Abstract: Supplementation of infant and follow-up formula with probiotics or synbiotics has become
a common practice. In 2011 and 2017, the evidence regarding the impact of these interventions was
analysed systematically. Recently new evidence was published. To evaluate through a systematic
review with network meta-analysis the evidence on the impact of infant formula supplemented with
probiotics or synbiotics for healthy infants and 36-month-old toddlers. RCTs published between
1999-2019 for infant formulas supplemented with probiotics alone or synbiotics in healthy infants and
toddlers were identified. Data analysis included clinical (gastrointestinal symptoms, risk reduction
of infectious diseases, use of antibiotics, weight/height gain and frequency of adverse events) and
non-clinical outcomes (changes in faecal microbiota and immune parameters). A random effect
model was used. Hedges’ standard mean difference (SMD) and risk ratio (RR) were calculated. Rank
analysis was performed to evaluate the superiority of each intervention. Twenty-six randomised
controlled trials with 35 direct comparisons involving 1957 children receiving probiotic-supplemented
formula and 1898 receiving control formula were reviewed. The mean duration of intervention was
5.6 &+ 2.84 months. Certain strains demonstrated a reduction in episodes of colic, number of days
with fever and use of antibiotics; however, there was considerable heterogeneity which reduced the
level of certainty of effect. No significant effects were observed on weight, height or changes in faecal
proportions of Bifidobacteria, Lactobacillus, Bacteroides or Clostridia. Although there is some evidence
that may support a potential benefit of probiotic or synbiotic supplementation of infant formulas,
variation in the quality of existing trials and the heterogeneity of the data preclude the establishment

of robust recommendations.

Keywords: supplemented probiotics; synbiotics; infant formula; infants and toddlers

1. Introduction

The gut microbiota (GM) plays a significant role in several aspects of human health
and metabolism. The composition of GM undergoes profound changes during the first
2-3 years of life and again in the elderly. The first contact of newborn babies with microbes
is paramount in establishing the type of infant GM which is a key determinant of the overall
health status and immunity later in life [1,2]. For a long time, it was believed that the first
contact with bacteria happens during the delivery, with children born vaginally having
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more abundant and diverse gut microbiota, opposite to children delivered by C-section.
Some recent studies have challenged this concept by demonstrating the presence of bacteria
or bacterial nucleic acids in the umbilical cord blood, amniotic fluid, and placenta with no
evidence of chorioamnionitis [3].

Among the contributors to GM assembly, early feeding and the type of feeding is a
key factor that modulates the composition and function of gut microbiota tremendously.
Mother’s milk contains more than 200 oligosaccharides that are fermented in the colon
and stimulate the growth of specific faecal bacteria. In addition to this “prebiotic effect”,
the mother’s milk is also a source of live bacteria, including staphylococci, streptococci,
bifidobacteria, lactic acid bacteria, beneficial viruses and even fungi (human milk myco-
biome) [4,5].

Infants fed with infant formula have, in general, different patterns of gut microbiota
in terms of abundance and diversity, with evidence showing that infants and toddlers fed
under this strategy had different responses to infection episodes (diarrhoea and respiratory
infections). The microbiota of formula-fed infants is more similar to that of adults, consisting
of genes related to bile acid synthesis and methanogenesis [6].

These differences in microbiota between human milk-fed and formula-fed babies
motivated researchers to find strategies aimed at modulating the microbiota pattern to
obtain in formula-fed babies similar patterns to human milk-fed babies. Supplementation
of infant and follow-on formulas (IF) with probiotics (single or multi-strain) and prebiotics
has become common practice in the food industry. In 2011 the Committee of Nutrition of
the European Society of Gastroenterology, Hepatology and Nutrition (ESPGHAN) pub-
lished a systematic review of the evidence on the safety and efficacy of the use of formulas
supplemented with probiotics. Although no negative impacts on infant growth or other
related adverse events were observed, there was insufficient evidence to recommend rou-
tine use [7]. In 2017, an updated systematic review was published, identifying adjusted
effects according to the strain or combination of strains for reduction of the number of
gastrointestinal or respiratory infections, reduction in the number of episodes of colic
or regurgitation, a higher frequency of bowel movements and in some cases accelerated
growth [8]. However, the absence of high-quality evidence precluded a strong recom-
mendation from being made. Considering new evidence becoming available [9-25], the
aim of this review was to evaluate the effect on the clinical and non-clinical outcome of
infant formula supplemented with probiotics or synbiotics, as compared to placebo or
different probiotic strains, for healthy infants and 36-month-old toddlers using network
meta-analysis (NMA) approach.

2. Materials and Methods
2.1. Study Protocol and Search Strategy

This systematic review was conducted following The PRISMA Extension Statement
for Reporting of Systematic Reviews Incorporating Network Meta-analyses of Health Care
Interventions [26,27]. We only included double-blind RCT published between January 1999
and December 2019 and written in the English language. A systematic and exhaustive
search was conducted in Medline, Embase, Cumulative Index to Nursing and Allied Health
(CINAHL), PsycINFO, the Cochrane Central Register of Controlled Trials, Lilacs, Artemisa
and in the databases of the principal international regulatory agencies. A systematic and
sensitive validated strategy was used to identify the best evidence (Appendix A).

2.2. Study Selection and Outcome Measures

RCTs that compared the use of infant formula and follow-on formula with probiotics
alone or with synbiotics added during the manufacturing process vs infant and follow-on
formula without probiotics and /or human milk in healthy infants or toddlers (36 months)
were selected for this NMA. RCT reporting supplementation with both probiotics and
prebiotics was kept in the analysis. All interventions were included in nodes and compared
to placebo as the standard of reference. Data analysis included clinical (gastrointestinal
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symptoms, risk reduction of infectious diseases, use of antibiotics, weight/height gain and
frequency of adverse events) and non-clinical outcomes (changes in faecal microbiota and
immune parameters).

2.3. Data Extraction and Quality Analysis

The risk of bias was evaluated according to the Cochrane approach [28]. Any dis-
crepancy in the evaluation of the articles was resolved using the Delphi methodology,
which was coordinated by PGC. Analysed data included age, sample size, type and dose of
probiotic, duration of intervention, use of prebiotics and reported outcomes.

2.4. Data Synthesis and Analysis

The statistical strategy used a multiple-treatment meta-analysis. Considering that
the majority of studies compared the use of infant formula with no probiotics (control
infant formula), we decided to use this intervention as the central axis for direct compar-
isons. Dichotomous outcomes were analysed with the total number of randomly assigned
participants as the denominator. For the secondary analysis of efficacy, measured as a
binary outcome, the outcomes for missing information were generated, assuming that all
participants with missing data did not respond to treatment. When reported, information
on participants that discontinued the intervention was included in the analysis. For each
potentially eligible study, descriptive statistics of the population characteristics and their
results were reported, describing the type of comparison as well as the most important
clinical and methodological variables. For each pairwise comparison (direct or indirect),
Hedges’ standard mean difference (SMD) was calculated for continuous numeric variables,
whereas the respective risk ratio (RR) was calculated for dichotomous outcomes. Both were
calculated with their respective 95% confidence interval (C195%). The first meta-analysis
was a paired comparison of all published studies. We used a random effect model, con-
sidering that different studies estimated different treatment effects. Concomitantly, we
calculated I? for heterogeneity and its corresponding p-value. Thereafter we assembled an
NMA using a random effect model with a Bayesian approach [29,30] and summarised the
results using effect sizes and CI95%. We used the adjusted model as described by Salanti
et al. [31]. Additionally, we calculated the probability of superiority for each “anti-colic”
intervention through a SUCRA analysis and presented the results in a ranked graph as
described by Salanti et al. [32]. To estimate the inconsistency (discordance between direct
and indirect evidence with a CI95% that did not include zero), we calculated the differ-
ence between the direct and indirect estimates, taking as reference only the constructed
indicators that had included a placebo group [33]. Finally, we adjusted the model with
and without assumptions of consistency and compared the two models in terms of fit and
parsimony [34]. In the case of a significant inconsistency, we investigated the distribution
of clinical and methodological variables that might have been a potential source of hetero-
geneity or inconsistency in each group of specific comparisons. All analysis and graphic
depictions were performed on version 16 of STATA for Mac.

3. Results

After quality evaluation, 26 RCTs [9,12,13,18,21-23,35-53] were considered for full
analysis (Figure 1).

Twenty-nine different probiotic comparisons were analysed; 21 were combinations of
Bifidobacteria and 8 of Lactobacilli (Supplemental Table S1). The evaluation of the quality
of the evidence and the reasons for excluding the articles are included in Supplemental
Tables S2 and S3. A total of 1898 and 1957 children, one day to 36 months old, were
assigned to placebo vs probiotic or probiotics/prebiotic infant formula, respectively. The
mean duration of the interventions was 5.6 £ 2.84 months (3 to 12 months). Details of the
included studies are reported in Table 1.
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Figure 1. Flow diagram of the search strategy and study selection.

Table 1. The main characteristics of the randomised controlled trials were included in the network
meta-analysis.

Author Year Ages nl n2 Humanr;Milk Intervention F(;}[lg:t'ig)l)
Phuapradit-A [35] 1999 6to 36 m 62 57 NA B. lactis Bb12 (10® cfu/g) 8
Nopchinda-A [36] 2002 6to 36 m 51 43 B. lactis Bb12 (3 x 107 cfu/g) 6

Weizman-A [38] 2005 4to10 m 73 60 NA B. lactis Bb12 1 x 107 cfu/ g 3
Weizman-A [40] 2006 4m 20 19 NA B. lactis Bb12 1 x 107 cfu/ g 3
Phuapradit-B [35] 1999 6to 36 m 56 57 NA B. lactis Bb12 + S. thermophilus (dose not reported) 8
Nopchinda-B [36] 2002 6to36m 54 43 NA B. lactis Bb12 + S. thermophilus (3 x 107 cfu/g) 6
Saavedra-A [37] 2004 3t024m 39 40 NA B. lactis Bb12 + S. thermophilus 1 x 107 cfu/g 6
Saavedra-B [37] 2004 3to24m 39 40 NA B. lactis Bb12 + S. thermophilus 1 x 10° cfu/g 6
Weizman-B [38] 2005 4to10 m 68 60 NA L. reuteri 1 x 107 cfu/ g 3
Weizman-B [40] 2006 4m 20 19 NA L. reuteri 1 x 107 cfu/ g 3
Papagaroufalis [50] 2014 3 days 36 35 NA L. reuteri 1.2 x 10° cfu/L 3
Garcia Rodenas [12] 2016 3 days 36 35 NA L. reuteri DSM 17938 1.2 x 10° cfu/mL 5
Bakker-Zierikzee [39] 2005 3 days 19 19 63 B. lactis Bb12 6 x 10° cfu/100 mL + GOS/FOS 4

(6 g/1L; 90%/10%)
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Table 1. Cont.

n. . Follow-Up
Author Year Ages nl n2 HumanMilk Intervention (Months)
L. B. lactis Bb12 6 x 10° cfu/100 mL + GOS/FOS
Bakker-Zierikzee [39] 2005 3 days 19 19 63 (6 8/L; 90%,/10%) 8
Brunser [41] 2006 3to5months 25 33 26 L. johnsonii Lal 10® cfu/g + FOS 3
Vendt [42] 2006 2 months 51 54 NA Lactobacillus GG 107 cfu/ g 6
) . B. longum BB536 1 x 107 cfu/g +
Mah [43] 2007 <14 dias 20 17 NA LGG 2 x 107 cfu 12
B. longum BL999 (1.29 x 108 cfu/100 mL) +
Chouraqui-A [44] 2008 <14 dias 29 25 NA Lactobacillus paracasei ST11 4
(6.45 x 108 cfu/100 mL)
B. longum BL 999 1.29 x 10® cfu/100 mL) +
Chouraqui-B [44] 2008 <14 dias 28 25 NA L. paracasei ST11 (6.45 x 108 cfu/100 mL) + 4
GOS/FOS (0.4 g/100 mL; 90%/10%)
B. longum BL (2.58 x 108 cfu/100 mL) + L. paracasei
Chouraqui-C [44] 2008 <14 dias 28 25 NA ST11 (2.58 x 108 cfu/100 mL + GOS/FOS 4
(0.4 g/100 mL; 90% /10%)
Haschke-Becher [45] 2008 4 meses 17 18 23 L. johnsonii Lal 108 cfu/g 6
Gibson [46] 2009 <10 days 72 70 NA B. lactis Bb12 3.85 x 108 cfu + DHA and AA 7
Maldonado [47] 2010 6 months 40 40 NA L. salivarius CECT5713 2 x 10° cfu/ g 6
Hascoet [48] 2011 <7 days 40 38 73 B. longum BL999 2 x 107 cfu/g 4
P P ) L. rhamnosus GG 1 x 10 CFU/ g + Inulin and
Lépez-Velazquez [49] 2013 <14 days 93 89 147 fructan from agave (0.5g/100mL) 4
. . - L. thamnosus GG 1 x 107 CFU/g + Inulin and
Lépez-Velazquez [51] 2015 <14 days 93 89 147 fructan from agave (0.5 g/100 mL) 3
Wu [13] 2016 0-7 days 129 135 NA B. longum BB536 1 x 107 cfu/g 12
B. lactis strain CNCM-1-3446, 1 x 107 cfu/g +
Cooper [52] 2016 0-3days 217 213 NA BMOS (GOS + 3'- and 6'-sialyllactose, 8 g/L) 6
B. lactis strain CNCM-1-3446, 1 x 107 cfu/g +
Radke [18] 2017 <14 days 169 160 51 BMOS (GOS + 3'- and 6'-sialyllactose, 8 g/L) 6
Escribano [21] 2018 <3 months 73 78 NA B. infantis IM1 (107 cfu/g) 3
. B. breve M16-V (1.8 x 107 CFU/g) + GOS/FOS
Kosuwon [53] 2018 1-3 years 65 64 NA (9.5 g/L; 90%/10%) 3
1.425 x 10® cfu of each B. infantis R0033 and
Xiao [22] 2019 3to6months 48 57 NA B. bifidum R0071, with 9.6 x 10° cfu of 3
L. helveticus R0052
Maldonado-A [23] 2019 <30 days 65 61 NA L. fermentum CECT5716 Lc40 (107 cfu/g) 12
Maldonado-B [23] 2019 <30 days 63 61 NA B. breve CECT7263 (107 cfu/g) 12

3.1. Clinical Outcomes
3.1.1. Functional Gastrointestinal Disorders (FGDs)

Eight of the studies included in the analysis evaluated at least one of the FGDs ob-
served in infants (colic, regurgitation or functional constipation) [18,37,38,40,44,47,49,50].
For infantile colic, the clinical parameter of crying time per day was considered. The
analysed probiotics were Bifidobacterium lactis BB12 [34], a combination of B. lactis BB12
with Streptococcus thermophilus [40], Lactobacillus reuteri (L. reuteri) DSM 17938 [38] and
L. rhamnosus GG (LGG) combined with inulin and fructans [49]. When probiotics were
analysed as a group, a positive impact was identified [SMD of —1.42 days, Confidence
Interval 95% (CI95%) —1.66 to —1.19, p < 0.05, 12 of 96.7%]. The analysis of the information
through the NMA, confirmed the positive effect was predominantly for LGG combined
with inulin and fructans or the combinations of B. lactis BB12 with Streptococcus thermophilus
(Figures 2 and S1). For regurgitation, three trials were identified, one with L. reuteri [50],
one with LGG combined with inulin and fructans [49], and one with B. lactis strain CNCM-I
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—3446 combined with BMOS [18], observing a global positive impact on the reduction
of the number of regurgitation episodes (SMD —3.47, CI95% —3.73 to —3.21, p < 0.05,
12 96.3%), with very similar effects between different strains of probiotics. In the case
of functional constipation, only a single clinical trial was identified, in which L. salivar-
ius CECT5713 2 x 10 CFU/g was used in 40 children vs placebo, without identifying
significant differences between the groups [47].
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Figure 2. Network Meta-Analysis for probiotics in infant formula and colic. (A) Network diagram:
the area of the blue nodes is based on the total number of patients for each respective interventions,
the thickness of continuous lines represents the total number of studies comparing treatments/nodes
vs placebo, dashed lines represent comparisons between two active interventions; (B) forest plot of
multiple treatments.

3.1.2. Reduction of the Risk for Infections, Use of Antibiotics, Days with Fever

Five trials were identified [18,21,35,38,47] with seven different combinations, in which
the reduction in the number of diarrhoea episodes was evaluated. The probiotics used
were B. longum BL999, B. lactis, B. infantis, B. breve and L. fermentum, identifying a marginal
effect on the reduction in the number of episodes, with an overall relative risk (RR) of 0.85,
CI95% of 0.75 to 1.02, p NS, 12 75%. The NMA did not identify the superiority of any of
the analysed strains. Reduction in the duration of diarrheal events was analysed in four
studies [18,35,38,47] with six different combinations of B. lactis BB12, B. lactis BB12 with
S. thermophilus, or L. reuteri DSM 17938. No positive impact on this outcome was identified
in the global analysis nor in the NMA for any specific strain (Figures 3 and S2).

When we evaluated the impact of the interventions on days with respiratory tract
infections, a single study was identified [38]. B. lactis BB12 was compared with L. reuteri
DSM17938 or placebo. A marginal effect in reducing episodes was observed (SMD —0.27,
CI95% —0.52 to —0.02, p 0.03, 2 93%) in favour of L. reuteri, although the heterogeneity was
so significant to establish recommendations. The effect on fever was evaluated on the same
RCT that analysed respiratory infections [38]. A positive impact in the reduction of days
with fever was observed, although there was significant heterogeneity (SMD —0.83, CI95%
—1.10 to —0.56, p < 0.05, 12 98%). On the reduction of the use of antibiotics, two trials were
identified [37,38], with four combinations of probiotics, B. lactis BB12 or L. reuteri [37] and
B. lactis BB12 combined with S. thermophilus [37], identifying an overall positive impact in the
reduction of the use of antibiotics (SMD —0.96, CI195% —1.17 to —0.75, p < 0.05, 12 96.5%). The
NMA allowed us to identify that the effect was predominantly due to the combination of
B. lactis BB12 with S. thermophilus, although with a significant level of bias (Figures 4 and S3).
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Figure 3. Network Meta-Analysis for probiotics in infant formula and diarrhoea. (A) Network
diagram: the area of the blue nodes is based on the total number of patients for each respective
interventions, the thickness of continuous lines represents the total number of studies comparing
treatments/nodes vs placebo, dashed lines represent comparisons between two active interventions;
(B) forest plot of multiple treatments.
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Figure 4. Network Meta-Analysis for probiotics in infant formula and use of antibiotics. (A) Network
diagram: the area of the blue nodes is based on the total number of patients for each respective
interventions, the thickness of continuous lines represents the total number of studies comparing
treatments/nodes vs placebo, dashed lines represent comparisons between two active interventions;
(B) forest plot of multiple treatments.

3.1.3. Growth Parameters

A total of 10 trials [18,36,37,42,44,46-49,52] were identified that assessed the impact
of the interventions on weight gain, height gain, and change in W/H Z Score values as
outcomes. No significant impact of the interventions on these outcomes was identified
(SMD —0.02, CI95% —0.15 to 0.10, p NS; I? 93%). Similarly, the NMA did not allow the
identification of the impact of the different combinations of probiotics on these parameters
(Figures 5 and S4).
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Figure 5. Network Meta-Analysis for probiotics in infant formula and change on weight/height
Z score. (A) Network diagram: the area of the blue nodes is based on the total number of patients for
each respective interventions, the thickness of continuous lines represents the total number of studies
comparing treatments/nodes vs placebo, dashed lines represent comparisons between two active
interventions; (B) forest plot of multiple treatments.

3.2. Non-Clinical Outcomes
3.2.1. Immunological Parameters

Two studies [22,35] using B. lactis BB12, B. lactis BB12 combined with S. thermophilus, or
the combination of B. infantis R0033, B. bifidum R0071 and L. helveticus R0052, evaluated the
changes on the levels of salivary IgA (SIgA). Unfortunately, in two of the studies, only the
mean value was reported, so it was not possible to incorporate them in the meta-analysis
(Supplemental Table S3).

3.2.2. Change in Faecal Microbiota

A total of 13 studies were identified [12,13,22,23,39,41,42,47,48,50-53] with a total of
14 comparisons evaluating the impact of the interventions on the change in the faecal abun-
dance of Bifidobacteria, Lactobacilli, Enterobacteriaceae, Bacteroides or Clostridium, with a total
of 14 comparisons. Overall, no significant changes in the composition of faecal microbiota
in terms of abundance or diversity were identified (Figures 6 and 7 and Supplemental
Figures S5 and 56).
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Figure 6. Network meta-analysis for probiotics and change on faecal Bifidobacteria. (A) Network
diagram: the area of the blue nodes is based on the total number of patients for each respective
interventions; (B) forest plot of multiple treatments.
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Figure 7. Network meta-analysis for probiotics and change on faecal Lactobacillus. (A) Network
diagram: the area of the blue nodes is based on the total number of patients for each respective
interventions; (B) forest plot of multiple treatments.

4. Discussion

This NMA demonstrate, based on the current literature, some isolated effects of the
use of probiotics added to infant formula, mainly in terms of a modest reduction in the
frequency or severity of colic or regurgitation. Some strains demonstrated a reduction in
episodes of colic, number of days with fever and use of antibiotics; however, there was
considerable heterogeneity which reduced the level of certainty of effect. Although the total
number of 26 RCTs included with over 1957 infants is considerable, many of the different
probiotic treatments were only evaluated in 1 or 2 trials.

Regarding the effect of IF added with probiotics in FGDS, the majority of the studies
evaluated the effect on infantile colic. The evaluated probiotics were Bifidobacterium lactis
BB12 (1 study), a combination of B. lactis BB12 with Streptococcus thermophilus (2 studies),
Lactobacillus (now Limosilactobacillus) reuteri DSM 17938 (1 study) and Lactobacillus (now
Lacticaseibacillus) rhamnosus GG (LGG) combined with inulin and fructan-derived from
agave (1 study). In functional regurgitation, three trials were identified, using L. reuteri
(one study), Lactobacillus GG combined with inulin and fructan agave-derived (one study),
and B. lactis strain CNCM-I —3446 combined with BMOS.

In the case of functional constipation, only a single clinical trial was identified, in
which L. salivarius CECT5713 2 x 10° CFU/g was used in 40 children vs placebo, without
identifying significant differences between the groups. Four trials were identified, with
7 different combinations, in the evaluation of the reduction in the number of diarrhoea
episodes. The probiotics used were B. longum BL999, B. lactis, B. infantis, B. breve and
L. fermentum, identifying a marginal effect on the reduction in the number of episodes. The
NMA did not identify the superiority of any of the analysed strains. When we evaluated
the impact of the interventions on days with respiratory tract infections, a single study
was identified in which the use of B. lactis BB12 was compared in one group of infants vs
placebo and in another intervention branch L. reuteri DSM17938. A considerable effect in
reducing episodes was observed (SMD —0.27, CI195% —0.52 to —0.02, p 0.03, 12 93%), with a
greater effect in favour of L. reuteri. The same effect was observed for days with fever. This
outcome was evaluated in the same studies reported for respiratory infections, identifying
a positive impact in the reduction of days with fever, although there was significant
heterogeneity (SMD —0.83, CI95% —1.10 to —0.56, p < 0.05, I?> 98%). The positive effect
observed was in favour of L. reuteri. On the use of antibiotics, three trials were identified
with four combinations of probiotics, B. lactis BB12 (one study), B. lactis BB12 combined
with S. thermophilus (two studies) and L. reuteri (one study), identifying an overall positive
impact in the reduction of the use of antibiotics (SMD —0.96, CI95% —1.17 to —0.75, p < 0.05,
12 96.5%). The NMA allowed us to identify that the effect was predominantly due to the
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combination of B. lactis BB12 with S. thermophilus, although with a significant level of bias.
Regarding immunity, three studies were identified that evaluated changes in the levels of
salivary IgA (SIgA) using B. lactis BB12, B. lactis BB12 combined with S. thermophilus, or the
combination of B. infantis RO033, B. bifidum R0071 and L. helveticus R0052. Unfortunately, in
two of the studies, the mean value was reported without the SDs, so it was not possible to
incorporate them in the meta-analysis.

For the analysis of the impact of probiotics in infant formula and the effect on growth
parameters, a single trial of L. reuteri DSM 17938 showed a positive effect.

Finally, regarding changes in faecal microbiota, a total of 10 studies analysed potential
changes in the faecal populations of Bifidobacteria, Lactobacilli, Enterobacteriaceae, Bacteroides
or Clostridium. Overall, no significant change was identified in abundance or diversity.
Some limitations of this NMA include the lack of an adequate number of RCTs on the
various analysed outcomes to be on the possibility to establish strong recommendations,
the different scales or evaluation tools used to measure the different outcomes, which make
it hard to pool different results on weighted analysis and the number of children included
in some trials which reduced the power and probability to identify reals effects. A further
possible limitation needs to be acknowledged: actually, both breastfed and formula-fed
infants were included in this analysis in the control group. However, the clinical question of
the study was to assess clinical and non-clinical outcomes of infant formula supplemented
with probiotics compared to “standard” feeding options for healthy term infants and
toddlers (i.e., standard formula or mothers” own milk/breastfeeding).

To conclude, our efforts in this study were to present an overview of all published
evidence on the use of probiotics in infant formula.

We believe that our approach of a strain-specific NMA gives a much more meaningful
answer than previously performed meta-analyses.

Our study, which updated previous systematic reviews, shows that even though we
identified some isolated effects of the use of probiotics added to infant formula, mainly in
terms of a modest reduction in the frequency or severity of colic or regurgitation, the number
of studies and related heterogeneity does not allow to make definitive recommendations.
The same occurred with the potential effects on other clinical outcomes such as infection
protection (gastrointestinal or respiratory infections) and reduction in the use of antibiotics

Although there is some evidence that may support a potential benefit of probiotic
supplementation of infant formulas, variation in the quality of existing trials and the
heterogeneity of the data preclude the establishment of robust recommendations

There is a need to analyse potential modes of action and how specific strains are
playing a significant role in the observed limited clinical effects.
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Appendix A. Systematic and Sensitive Validated Strategy for Searching Evidence

Pubmed searching algorithms included the terms * randomised controlled trial”’ OR ran-
dom*:de,ab,ti OR factorial*:de,ab,ti OR crossover*:de,ab,ti OR (cross NEXT/1 over*):de,ab,ti
OR placebo*:de,ab,ti OR (doubl* NEAR/1 blind*):de,ab,ti OR (singl* NEAR/1 blind*):de,ab, ti
OR assign*:de,ab,ti OR allocat*:de,ab,ti OR volunteer*:de,ab,ti AND (formula OR infant AND
formula OR “follow on” AND formula OR supplemented AND formula AND bifidobacterium
AND animalis OR streptococcus AND thermophilus OR lactobacillus AND helveticus OR
lactobacillus AND johnsonii OR Bifidobacterium AND lactis OR bifidobacterium AND aimalis
OR lactobacillus AND rhamnosus OR bifidobacterium AND longum OR lactobacillus AND
reuteri OR lactobacillus AND salivarius OR galactooligosaccharides OR scgos OR gos OR fruc-
tooligosaccharides OR Icfos OR fos OR acidic AND oligosaccharides OR inulin OR oligofructose
OR polydextrose OR probiotic* OR prebiotic* OR “pre biotic*” OR synbiotic*) AND (infant OR
infancy OR infants OR newborn OR child OR children NOT sick children).
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