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Background and aims: Gut health and microbiome development are closely 
linked in early life, with human milk oligosaccharides (HMOs) playing a key role. 
This study reports results through 4 months of age from a trial evaluating an 
infant formula containing a synbiotic blend of HMOs and probiotics, focusing 
on growth, gastrointestinal (GI) tolerance, and gut health biomarkers from birth 
to 15 months.

Materials and methods: Healthy infants aged ≤14 days were randomized to 
receive either the experimental formula (SYN; control formula supplemented 
with six HMOs and two probiotics [B. infantis, B. lactis]) or the control formula 
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(CTRL; partially hydrolyzed 100% whey-based formula). A non-randomized 
breastfed (BF) group served as a reference. The primary endpoint was weight 
gain velocity in SYN vs. CTRL through 4 months of age. Secondary endpoints 
included fecal outcomes (abundance of bifidobacteria, immune and gut health 
markers), GI tolerance, and adverse events (AEs).

Results: The full analysis set (FAS) included 313 infants (118 in SYN, 114 in CTRL, 
and 81 BF), while the per-protocol population (PP) included 227 infants (84 in 
SYN, 84 in CTRL, and 59 BF). Weight gain velocity through 4 months in the SYN 
group was non-inferior to that in the CTRL group in both FAS and PP analyses 
(both p < 0.0001). Parent-reported GI tolerance and stool patterns were similar 
between SYN and CTRL groups through 4 months. At 3 months, Bifidobacteria 
abundance was significantly higher in the SYN group compared to the CTRL 
group (p = 0.004). Fecal pH was lower in the SYN group than in the CTRL group 
(p = 0.018) and more closely resembled that of the BF group. Immune and gut 
health markers were similar between the SYN and BF groups. No significant 
differences in AEs were observed across groups.

Conclusion: The synbiotic-supplemented infant formula supported healthy, 
age-appropriate growth, good GI tolerance, and increased the abundance of 
beneficial bifidobacteria through 4 months of age.

Clinical trial registration: https://clinicaltrials.gov/study/NCT04962594.
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1 Introduction

Structurally diverse compounds, including essential 
nutrients, hormones, bacteria, immune components, and 
oligosaccharides, are present in human milk and serve various 
functions that impact infant growth and development (1). In 
human milk, oligosaccharide concentration ranges between 5 and 
15 g/L, while cow’s milk, which is the primary raw material for 
making infant formula, contains very low levels at approximately 
0.05 g/L (2). Human milk also contains bacteria; it is estimated 
that breastfed infants consume approximately 10e4–10e6 bacteria 
per day, with the majority of the species belonging to 
Staphylococcus, Streptococcus, Lactobacillus, and Bifidobacterium 
(1). Oligosaccharides and bacteria present in human milk 
influence nutrient availability for gut bacteria, enhance 
colonization efficiency, alter host–microbe interactions, and 
promote the growth of beneficial bacteria, thereby impacting the 
long-term health of the infant (1). Given the importance of 
oligosaccharides and beneficial bacteria for infant health and 
their absence in cow’s milk used in infant formulas, researching 
the inclusion of manufactured oligosaccharides, which are 
structurally identical to human milk oligosaccharides (HMOs), 
and probiotics in infant formula is essential to provide these 
benefits when breastfeeding is not possible.

Recently conducted preclinical and clinical studies offer 
valuable insights into the health impacts of HMO- and synbiotic-
supplemented formulas (3–7). Several clinical trials reported an 
increase in the relative abundance of Bifidobacteria among 
infants receiving formula supplemented with HMOs compared 
to infants receiving control formula (6) and noted, for example, 
shared features of mucus enrichment and tyrosine degradation 

between the 5-HMO supplemented group and the breastfed (BF) 
infants (8), as well as higher secretory IgA upon HMO formula 
feeding compared to controls (9). In both clinical settings and 
preclinical fermentation models using infant stool, a lack of 
HMO-metabolizing bifidobacteria is observed in many infants, 
resulting in an altered gut ecology characterized by higher pH 
and lower age-appropriate concentrations of short-chain fatty 
acids (SCFAs) (10–12). In an ex  vivo colonic infant stool 
fermentation model, an increase in SCFA production was 
observed in tested fecal samples from all infants when a blend of 
six HMOs, equivalent to the HMOs tested here, was combined 
with an HMO-metabolizing probiotic, B. longum subsp. infantis 
LMG 11588, compared to the resulting SCFA production from 
individual ingredients, suggesting that combining HMOs with 
specific HMO-metabolizing probiotics may benefit all infants 
(11). Additional presence of the widely used probiotic B. lactis 
(CNCM I-3446) did not affect the observed SCFA production 
(11). As there are remaining questions about safety and suitability 
(often required by regulatory authorities) as well as gut and 
microbiome benefits related to synbiotic-supplemented infant 
formula, clinical studies are needed to better understand 
synbiotic blends used to supplement infant formulas.

The primary objective of this study was to evaluate the effect of a 
unique blend of six HMOs and two probiotic strains, with a 
composition adapted to the infant’s age during the first 15 months of 
life, on weight gain velocity from enrollment to 4 months of age in 
healthy infants. Our key secondary objective was to assess fecal 
bifidobacteria abundance at 3 months of age. Our other secondary 
objective were to assess gastrointestinal (GI) tolerance and markers 
of gut and immune health. Here, we report the first staged endpoint 
analysis covering data collected up to 4 months of infant age.
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2 Participants and methods

2.1 Study design and population

This double-blind, randomized, controlled trial, with a 
non-randomized BF reference group, was conducted at 18 centers in 
Belgium, France, Germany, and Spain from November 2021 to 
October 2024. The study included several planned, staged end-point 
analyses and concluded when the last infant completed the 15-month 
clinic visit. Infants were enrolled into the study if they were aged 
between 0 and 14 days and met the following criteria: healthy, full-
term birth (≥37 weeks of gestation); birth weight ≥2,500 g and 
≤4,500 g; BF infants must have been exclusively breastfed since birth, 
and their parents must have decided to continue with exclusive 
breastfeeding at least through 4 months of age; and formula-fed 
infants must have been exclusively consuming and tolerating a cow’s 
milk infant formula, and their parents must have independently 
decided against breastfeeding before study enrollment. Infants were 
excluded from the study for the following reasons: they had conditions 
requiring infant feedings other than those specified in the protocol; 
there was evidence of major congenital malformations, systemic or 
congenital infections (e.g., syphilis), or previous or ongoing severe 
laboratory or medical abnormalities; they had received or were 
presently receiving medications or probiotic supplements; or they had 
ongoing or past participation in another interventional trial.

2.2 Randomization procedure and blinding

Formula-fed infants who met the eligibility criteria were 
randomized to the SYN or CTRL groups using a dynamic allocation 
algorithm with a 1:1 allocation ratio stratified by center, sex (male/
female), and delivery mode (vaginal/cesarean section). Randomization 
was performed using Medidata Randomization Trial Supply 
Management (New York, NY, United States). BF infants were not 
randomized. Given that this was a double-blind trial with individual 
coding, the identity of the specific formula was concealed from 
everyone involved in the study, including participants, study staff, 
contract research organization staff, and the sponsor.

2.3 Intervention and study formulas

A graphical overview of the study design is shown in 
Supplementary Figure S1. The total duration of the study intervention 
was 15 months. The study formulas were both made with partially 
hydrolyzed whey-based protein (in order to promote digestive 
comfort) and staged according to the age of the infant (1st age infant 
formula [IF]: 0 to <6 months; 2nd age follow-up formula [FUF]: 6 to 
<12 months; 3rd age growing up milk [GUM]: 12 to 15 months). The 
SYN and CTRL formulas were identical, except that the SYN formula 
was supplemented with a blend of six HMOs and B. longum subsp. 
infantis (B. infantis) LMG11588 plus B. animalis subsp. lactis (B. lactis) 
CNCM I-3446 (also known as BL818), while CTRL was not. B. lactis 
CNCM I-3446 was included in the SYN group to further enrich it with 
a well-known probiotic. The six manufactured HMOs in the SYN 
group were 3-fucosyllactose (3-FL), 2′-fucosyllactose (2’FL), 
2′-3-difucosyllactose (DFL), lacto-N-tetraose (LNT), 3′sialyllactose 

(3’SL), and 6′sialyllactose (6’SL), and the amount and ratio between 
the HMOs changed from IF to FUF to GUM formulas as the infants 
aged. In a previous trial using formulas containing a blend of 5 HMOs, 
we  observed similar effects with 2.5 g/L and 1.5 g/L HMOs in 
reconstituted formula (9). In this study, we used 1.5 g/L as the effective 
dose and added one additional HMO (3-FL). The final concentration 
of each of the individually added HMOs is well within the range of 
those in human milk. The composition of the study formula is 
summarized in Table 1. Products were dispensed in cartons of six 
cans, each with a unique code. Study formulas were fed orally, ad 
libitum, and intake varied according to the infant’s age, weight, and 
appetite. The study formulas were similar in appearance and taste.

2.4 Baseline

At baseline, study staff obtained demographic information and 
medical history through questionnaires. A comprehensive physical 
examination was also conducted with documentation of any relevant 
abnormalities (i.e., heart murmur, hypertension, abnormal heart rate, 
hearing loss, or marginal neurological defects) in the electronic case 
report form (eCRF).

2.5 Growth

While anthropometrics were collected at all visits, the primary 
endpoint of this trial was the velocity of weight gain, measured as the 
mean daily weight gain in grams per day from baseline to 4 months. 
Infants were weighed without clothing or a diaper on a calibrated 
electronic scale to the nearest 10 g. The weight measure was repeated 
until it was reproduced within 10 g, and the two weights were recorded 
and averaged. Weight gain in g/day was calculated as (weight at 
4 months in g minus weight at baseline in g)/(age at 4 months in days 
minus age at baseline in days). Secondary endpoints included length 
(cm), head circumference (HC; cm), and corresponding sex- and 
age-specific z-scores. The length was measured to the nearest 0.1 cm 
using a standardized measuring board. If two consecutive 
measurements were not within 0.5 cm, the infant was measured a 
third time, and the two measures that were most closely aligned were 
documented and averaged. Similarly, HC was measured to the nearest 
0.1 cm with a standard, non-elastic, plastic-coated measuring tape. If 
two consecutive measurements were not within 0.2 cm, the infant was 
measured a third time, and the two measures that were most closely 
aligned were documented and averaged. Using the World Health 
Organization (WHO) Child Growth Standards (13) as a reference, 
corresponding z-scores, including weight-for-age, length-for-age, 
weight-for-length, height-for-age, and BMI-for-age, were calculated.

2.6 GI tolerance and stool patterns

Stool patterns, including frequency, consistency, and difficulty 
passing stool, as well as GI symptoms and behaviors, were collected at 
each visit using a one-day retrospective GI Symptom and Behavior 
Record at baseline and a 3-day prospective GI Symptom and Behavior 
Diary completed at home for 3 days prior to each subsequent visit. For 
each bowel movement, the parent indicated whether the infant had 
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difficulty passing stool. The mean number of reported stools was used 
to determine stool frequency. To determine stool consistency, a 
validated 4-point stool scale (0 = watery, 1 = loose, 2 = formed, 
3 = hard) developed for infants was provided to the parents (14). Stool 
consistency was reported as the mean stool consistency of each 
reported stool and as the percentage of stools in each of the four scale 
categories. Frequency and amount of spitting-up/vomiting and 
flatulence, in addition to duration of crying and fussiness (<10 min, 
10–30 min, >30 min-1 h, >1–2 h, >2–3 h, >3 h) and sleeping (0–8 h, 
8–12, 12–16, 16–20, 20–24), were also collected. GI symptom burden 
was assessed using the Infant Gastrointestinal Symptom Questionnaire 
(IGSQ) (15), which was completed at each visit. The questionnaire is 
a standardized and validated instrument consisting of 13 questions 

assessing five domains (stooling, vomiting/spitting-up, crying, 
fussiness, and flatulence). Domain scores were summed to calculate a 
composite index score ranging from 13 to 65, with lower scores 
indicating lower GI symptom burden. Scores of 13–23, 24–30, and 
>30 represent good GI tolerance, some level of GI distress, and 
clinically meaningful GI distress, respectively (15).

2.7 Adverse events and medication use

Reported adverse events (AEs) and serious AEs (SAEs) were 
documented by each investigator as part of the eCRF, including the 
type, incidence, severity, seriousness, and relation to feeding. Data 

TABLE 1 Composition of study formulas used in the experimental and control studya.

Formula Control Formula (CTRL) Experimental Formula (SYN)

1st age starter infant formula: fed from enrollment (≤14 days) up to age 6 months

Description Partially hydrolyzed 100% whey-based infant formula Partially hydrolyzed 100% whey-based infant formula 

supplemented with 6 HMOs and two probiotics

Composition 67 kcal/100 mL reconstituted formula

1.3 g whey protein

7.55 g carbohydrates

3.5 g fat

Identical composition as control

Probiotic content None 1 × 106 CFU/g B. lactis

5 × 105 CFU/g B. infantis

HMO content None (1.77 g/L of lactose was added to compensate 

for the addition of HMOs in the experimental 

formula)

1.77 g/L of an HMO blend consisting of 2’FL (49% of total 

HMO content), DFL (7%), 3-FL (14%), LNT (16%), 3’SL (6%), 

and 6’SL (8%)

2nd age follow-up formula (FUF): fed from age 6 months up to 12 months

Description Partially hydrolyzed 100% whey-based FUF Partially hydrolyzed 100% whey-based FUF supplemented with 

6 HMOs and two probiotics

Composition 67 kcal/100 mL reconstituted formula

1.3 g whey protein

8.4 g carbohydrates

3.1 g fat

Identical composition as control

Probiotic content None 1 × 106 CFU/g B. lactis

5 × 105 CFU/g B. infantis

HMO content None (0.87 g/L of lactose was added to compensate 

for the addition of HMOs in the experimental FUF)

0.87 g/L of an HMO blend consisting of 2’FL (30% of total 

HMO content), DFL (4%), 3-FL (30%), LNT (17%), 3’SL (12%), 

and 6’SL (5%)

3rd age growing-up milk (GUM): fed from age 12 months up to 15 months

Description Partially hydrolyzed 100% whey-based GUM Partially hydrolyzed 100% whey-based GUM supplemented 

with 6 HMOs and two probiotics

Composition 67 kcal/100 mL reconstituted formula

1.3 g whey protein

8.1 g carbohydrates

3.2 g fat

Identical composition as control

Probiotic content None 1 × 106 CFU/g B. lactis

5 × 105 CFU/g B. infantis

HMO content None (0.75 g/L of lactose was added to compensate 

for the addition of HMOs in the experimental GUM)

0.75 g/L of an HMO blend consisting of 2’FL (28% of total 

HMO content), DFL (4%), 3-FL (38%), LNT (10%), 3’SL (14%), 

and 6’SL (5%)

a2’FL, 2′-fucosyllactose; 3-FL, 3-fucosyllactose; 3’SL, 3′-sialyllactose; 6’SL, 6′-sialyllactose; CFU, colony-forming unit; DFL, difucosyllactose; HMO, human milk oligosaccharide; LNT, lacto-N-
tetraose.
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were also continuously collected from parents/legal representatives 
using an electronic Infant Illness Diary (IID) to capture the number 
of occurrences and the length of time an infant experienced the 
following symptoms: fever, respiratory tract infections, GI symptoms, 
and ear symptoms. For each parent-reported diagnosis, study 
physicians contacted the parent(s) or legal representative and 
determined whether the infant should be  brought to the site for 
further evaluation (unscheduled visits). Once IID entries had been 
validated and confirmed by study physicians, this information was 
entered into the eCRF as an adverse event. Medication type and 
duration of use were recorded using the concomitant medication 
reporting form as part of the eCRF.

2.8 Fecal sample collection

Fecal samples were collected at home by the parents using a feces 
tube with an integrated spatula and without any buffers or additives, 
frozen in the home freezer (−20°C), and brought to the study site, 
keeping the samples frozen in an icepack during transport. Samples 
were collected up to 1 day after the baseline visit and within 3 days 
prior to study visits at 3, 6, 12, and 15 months. Samples were kept 
frozen at the site at −80°C until transferred every 3–4 months to the 
central lab for analysis.

2.9 Fecal bifidobacteria abundance

The relative abundance of bifidobacteria was determined using 
shotgun metagenomics, as previously described (9), with minor 
modifications. Briefly, deoxyribonucleic acid (DNA) was extracted 
from the fecal samples using the NucleoSpin Stool kit (Machery-
Nagel) with bead beating at 2700 rpm for 5 min. DNA was normalized 
to 5 nM, followed by library preparation (Celero EZ DNA-seq Core 
Module Kit and Celero 96-Plex Adaptor Plate) using a DreamPrep 
NGS (Tecan) PCR amplification, double-sided magnetic bead size 
selection (AMPure XP, Beckman Coulter), and sequencing on a 
NovaSeq system (Illumina) with 2 × 150 bp read lengths. After adapter 
and host DNA removal, fecal microbiota diversity and composition 
were determined using CHAMP (16).

2.10 Probiotic B. longum subsp. infantis 
LMG11588 tracking

Strain-level resolution of B. longum subsp. infantis strains was 
performed as described in Capeding et  al. (17). Briefly, single-
nucleotide variants (SNVs) were profiled in each position of the 
B. longum subsp. infantis-specific genes (signature genes) in the 
samples with at least 250 reads mapping to the signature genes and 
where at least 10 of the signature genes were detected. Polymorphic 
signature gene SNVs underwent multiple sequence alignment and 
were used to build a phylogenetic tree. As phylogenetic references, the 
B. longum subsp. infantis LMG 11588 genome, 16 genomic sequences 
from the public database National Institutes of Health National Center 
for Biotechnology Information annotated as B. longum subsp. infantis, 
and one genome annotated as B. longum subsp. longum were included 
in the tree.

2.11 Fecal pH and organic acids

Fecal pH was assessed using pH indicator paper (pH range 1–10; 
Merck, Darmstadt, Germany) and fecal organic acids, including lactic 
acid, propionic acid, butyric acid, acetic acid, and valeric acid, were 
assessed using validated liquid chromatography–tandem mass 
spectrometry according to a modified published method (18). 
Quantitative changes from baseline and differences between feeding 
groups were determined. Data are reported per dry stool weight (to 
normalize results).

2.12 Fecal markers of immune and gut 
health

Fecal markers of immune response and gut barrier function were 
assessed by enzyme-linked immunosorbent assays (ELISA), including 
total secretory immunoglobulin (sIgA; Immundiagnostik AG, 
Bensheim, Germany), lipocalin-2 (BioVendor), calprotectin 
(Immunodiagnostik AG), and alpha-1-antitrypsin (AAT; BioVendor). 
Data are reported per dry stool weight (to normalize results).

2.13 Other outcomes

Bone quality measures, using speed of sound, and absenteeism 
were collected at different infant ages. Descriptive findings will 
be reported in a follow-up publication that describes the trial’s findings 
to 15 months. Approximately 1 mL of blood was voluntarily collected 
by trained staff during the 4-month site visit. Peripheral mononuclear 
cells were isolated from blood samples for immune cell profiling. 
These immune cell results will be reported separately.

2.14 Sample size

The sample size was calculated for the primary endpoint (weight 
gain velocity through 4 months of age) and the key secondary 
endpoint (Bifidobacterium abundance at 3 months of age) using data 
from prior studies. A non-inferiority boundary of −3 g/day was used 
to demonstrate non-inferiority in weight gain between the SYN and 
CTRL groups with a power of 90% and an α-level of 5%. It was 
estimated that 88 infants per arm would be needed for the primary 
endpoint. To demonstrate superiority in Bifidobacterium abundance 
in the SYN vs. CTRL group with an increase of 8% in relative 
abundance, a power of 90%, and an α-level of 5%, the estimated 
sample size was 94 infants. The power for individual hypotheses was 
chosen to be  90% to achieve an overall study power of 80% 
(0.9*0.9 = 0.81). Since the sample size for the key secondary endpoint 
was the highest, it was used to drive the total sample size calculation 
(=2*94/0.8). It was estimated that 236 infants would need to 
be randomized, anticipating an attrition rate of 20%.

2.15 Statistical analysis

The intention-to-treat (ITT) population comprised all 
randomized infants, whereas the full analysis (FAS) population 
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included all infants except those who never received any of the 
assigned study product, failed to meet study entry eligibility 
criteria, or had no post-randomization data. The per-protocol 
(PP) population included all infants in the FAS without any 
departures from the protocol believed to impact the analyses of 
interest, which included non-compliance with formula (defined 
as <80% of study days from enrollment to age 4 months on 
assigned formula or breastmilk), use of concomitant foods prior 
to age 4 months, visits outside of the study visit window, and 
major deviations from study procedures (e.g., failure to obtain 
weight at baseline). The safety analysis set (SAS) consisted of all 
infants in the ITT population with documented use of at least one 
feeding of the study formula (or breast milk for the BF group), 
classified according to the feeding received irrespective of the 
randomization assignment. The primary endpoint of weight gain 
velocity was analyzed in both the FAS and PP populations. 
Clinical secondary endpoints were analyzed in the FAS population. 
Fecal microbiota profiles were also analyzed in the PP population, 
with sensitivity analyses conducted in a “sub-PP” population, 
consisting of all subjects in PP except those who had protocol 
deviations that may impact microbiome or gut tolerance-related 
outcomes, including consumption of prebiotic- and/or probiotic-
containing food/supplements, and those in the SYN and CTRL 
groups who consumed breast milk. Safety analyses were conducted 
in the SAS population.

Descriptive statistics were calculated for all continuous and 
categorical variables. The primary endpoint of weight gain 
velocity was analyzed using analysis of covariance (ANCOVA), 
which corrected for baseline weight, sex, delivery mode, and study 
center. Non-inferiority was concluded if the lower bound of the 
two-sided 95% confidence interval (CI) for the model-based 
difference between the SYN and CTRL groups was above the 
non-inferiority margin of -3 g/day. Due to the non-randomized 
nature of the BF arm, continuous secondary endpoints were 
analyzed using the inverse probability of treatment weighting 
method, where the probability or propensity to breastfeed was 
derived from factors known to influence the choice of 
breastfeeding and included mother’s age, delivery method, highest 
level of education of the parents, number of people in the 
household, smoking status during pregnancy, current smoking 
status, country, and study center. All propensity score-weighted 
ANCOVA models were adjusted for study center and baseline 
value, as well as IGSQ, SCFA, and stool models, which were 
additionally adjusted for age. Anthropometric outcomes at each 
visit were further adjusted for sex and delivery mode. Pairwise 
comparisons between SYN, CTRL, and BF were adjusted for 
multiple comparisons using the Benjamini-Hochberg correction. 
Microbiome differences between the SYN and CTRL groups at 
3 months were compared using models that corrected for site and 
baseline age, employing a linear regression framework with 
log-transformed relative abundances and a compositional bias 
correction based on LinDA (19). Where the demographic 
comparisons did not reveal differences in sex and delivery mode, 
these two parameters were excluded. Fisher’s exact test was used 
to test for differential prevalence of potentially pathogenic 
bacteria. Statistical tests were two-sided, using a significance level 
of 5%. All analyses were performed using SAS 9.4 (or higher) or 
R 4.1 (or higher).

2.16 Ethics details

The ethics committees at each institution in Belgium and 
Germany approved the trial. In France and Spain, the ethical approval 
was granted by a centralized committee. The study was conducted in 
compliance with the Declaration of Helsinki and the International 
Conference on Harmonization Guidelines for Good Clinical Practice. 
This trial was registered on ClinicalTrials.gov (NCT04962594), and 
the Consolidated Standards of Reporting Trials (CONSORT) checklist 
was followed for trial conduct and reporting (Supplementary Table S1). 
Parent(s)/legally authorized representative provided written informed 
consent prior to study enrollment.

3 Results

3.1 Study infants

All screened infants (n = 318) were enrolled in the study (119 
SYN, 117 CTRL, and 82 BF). The FAS included a total of 313 infants 
(118 SYN, 114 CTRL, and 81 BF) (Figure  1). Five infants were 
excluded from the FAS because they never consumed any of the 
assigned product (study formula or breast milk), received incorrect 
study formula, or failed to satisfy entry eligibility criteria. A total of 
227 infants (84 SYN, 84 CTRL, and 59 BF) comprised the PP 
population after excluding subjects in FAS with major protocol 
deviations. The SAS consisted of 314 infants (118 SYN, 115 CTRL, and 
81 BF) and included one infant who was excluded from the FAS due 
to receiving the incorrect study formula. A total of 258 infants 
completed the study through age 4 months: 95 SYN (80%), 98 CTRL 
(84%), and 65 BF (79%).

3.2 Baseline demographic and household 
characteristics

Infant baseline demographic and household characteristics, 
shown in Table 2, were similar between the SYN and CTRL groups, 
while differences in baseline age and maternal age were observed in 
the BF group compared to the SYN and CTRL groups.

3.3 Growth

Weight gain velocity in the FAS from baseline to 4 months was 
29.5 ± 5.9 and 27.9 ± 5.3 g/day for the SYN group (n = 95) and CTRL 
(n = 98) groups, respectively. The non-inferiority of weight gain 
velocity was demonstrated in both the FAS and PP populations, with 
mean differences (95% CIs) of 1.59 (0.07, 3.11) and 1.50 (−0.15, 3.15), 
respectively (p < 0.001 for both; Figure 2). Increases in length and HC 
are provided in Supplementary Table S2. Length gain (mm/week) 
from baseline to 4 months was significantly higher in the SYN 
(p < 0.001) and CTRL (p = 0.017) groups compared to the BF group. 
Similarly, infants in the SYN (p = 0.001) and CTRL (p < 0.001) groups 
had greater HC gains compared to BF infants.

Significant differences were also observed across the SYN, CTRL, and 
BF infants in the FAS population in corresponding z-scores for weight-
for-age, weight-for-length, length-for-age, and HC-for-age (Figure 3). 

https://doi.org/10.3389/fnut.2025.1628847
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://ClinicalTrials.gov


Picaud et al. 10.3389/fnut.2025.1628847

Frontiers in Nutrition 07 frontiersin.org

FIGURE 1

Infant disposition flowchart. Breastfed infants were enrolled in the breastfed reference group (BF), while formula-fed infants were randomized to 
receive either experimental formula (SYN) or control formula (CTRL). FAS, full analysis set; PP, per-protocol population; SAS, safety analysis set.

TABLE 2 Baseline demographic and household characteristics for the full analysis seta.

Characteristic SYN
n = 118

CTRL
n = 114

BF
n = 81

Infant demographics

  Age at baseline, daysb 6.9 ± 4.2 6.7 ± 4.6 8.6 ± 4.1

  Gestational age, weeks 39.2 ± 1.2 39.1 ± 1.2 39.3 ± 1.2

  Weight at baseline, kg 3.4 ± 0.4 3.4 ± 0.4 3.4 ± 0.4

  Length at baseline, cm 50.8 ± 1.9 50.6 ± 2.0 51.2 ± 1.8

  Head circumference at baseline, cm 35.0 ± 1.3 35.0 ± 1.2 35.2 ± 1.1

  Infant sex, % female 49.2% 48.2% 44.4%

  Type of delivery, % Cesarean 25.4% 25.4% 13.6%

  APGAR at 5 min ≥ 9, % 94.1% 96.5% 97.5%

Household characteristics

  Daycare attendance, % no 83.9% 83.3% 90.1%

  Number of siblings in household at birthc 1.2 ± 0.5 1.6 ± 0.8 1.4 ± 0.8

  Maternal age, yearsd 32.4 ± 5.2 32.5 ± 5.2 34.1 ± 3.9

  Maternal education, % completed associate degree or 

higherd
62.7% 53.5% 78.9%

  Mother smokes, % no 88.1% 87.7% 96.3%

aValues are means ± SD unless otherwise specified. BF, breastfed group; CTRL, control formula-fed group; SYN, experimental formula-fed group.
bBF infants were significantly older than SYN and CTRL (p = 0.011 for both).
cSYN infants had fewer siblings compared to CTRL infants (p = 0.026).
dMothers of BF infants were significantly older than mothers of SYN and CTRL infants (p = 0.020 for both) and were more educated than those of CTRL infants (p < 0.001). All p-values were 
adjusted for multiple comparisons using the Benjamini-Hochberg correction.
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Both SYN (p < 0.001) and CTRL (p = 0.016) infants grew slightly faster 
than BF infants according to the weight-for-age z-score comparisons at 
4 months. Infants in the SYN group also had significantly higher weight-
for-length z-scores compared to BF at 3 months (p = 0.046), with a trend 
toward higher scores at 4 months (p = 0.053), whereas CTRL and BF 
infants showed similar outcomes (p = 0.272). HC-for-age z-scores were 
also higher at 4 months in the SYN (p = 0.002) and CTRL groups 
(p < 0.001) compared to BF infants. Similarly, length-for-age z-scores at 
4 months were higher in the SYN (p < 0.001) and CTRL (p = 0.027) 
groups compared to the BF group. Despite these differences across groups, 
all infants were within normal range, with the mean (95% CI) values 
tracking closely with the WHO median through 4 months.

3.4 GI tolerance and stool patterns

IGSQ index scores were not significantly different across the three 
groups from 1 to 4 months in the FAS and overall indicated good 
tolerance (Figure 4). At baseline, the mean±SD scores were 24.4 ± 7.6, 
23.7 ± 7.0, and 21.1 ± 5.7 for the SYN, CTRL, and BF groups, respectively, 
while at 4 months, the mean scores were 22.5 ± 7.2, 22.5 ± 5.8, and 
20.9 ± 5.7, respectively. There were no significant differences in individual 
domain scores for crying, fussiness, flatulence, and spitting up/vomiting 
observed across the three groups. However, higher domain scores for 
stooling were noted for SYN infants (4.0 ± 1.9) compared to CTRL 
(3.4 ± 1.9; p = 0.011) and BF (2.8 ± 1.5; p = 0.005) infants at 1 month; this 
difference was not significant at other timepoints.

Stool patterns are presented in Supplementary Table S3. Mean 
stool frequency was lower at each visit from 1 month to 4 months in 
the SYN group compared to the BF group and from 2 to 4 months in 
CTRL compared to BF (all p < 0.05). Stool consistency was similar in 
both the SYN and CTRL groups (closer to “loose”), while the BF group 
was closer to “watery” at one month (p = 0.037) and in only the SYN 
group at 3 months (p = 0.044). Scores moved closer to “formed” in all 

groups by 4 months. The number of days with difficulty passing stools 
was similar across the three feeding groups, except at 3 months, when 
both the SYN (24; p = 0.028) and CTRL (20; p = 0.030) groups showed 
higher numbers of days with difficulty passing stools compared with 
the BF infants. No significant differences in stool frequency, 
consistency, or difficulty passing stools were observed between SYN 
and CTRL infants at any time point.

3.5 Adverse events and medication use

Physician-reported AEs were similar between the SYN, CTRL, 
and BF infants (Table 3). A total of 100 SYN, 91 CTRL, and 54 BF 
infants had at least one AE. However, these differences were not 
statistically significant. There were 18, 15, and 6 infants with an SAE 
in the SYN, CTRL, and BF groups, respectively. The majority of 
serious AEs (39 out of 43 events) were categorized in the infections 
and infestations system organ class (SOC), and most AEs of interest 
were upper or lower respiratory tract infections. No significant 
differences in severity were observed, with the majority of AEs 
categorized as mild. In the SYN group, 40 AEs (28 infants) were 
considered probably related, and one AE was deemed related to the 
study product (cow’s milk protein allergy); 16 infants discontinued the 
study. There were 45 AEs (30 infants) in the CTRL group, all 
considered probably related to the study product; 14 infants 
discontinued the study. Four infants in the BF group discontinued the 
study. There were no notable or significant differences in the incidence 
of AEs among the SYN, CTRL, and BF groups by SOC.

3.6 Fecal bifidobacteria abundance

Fecal samples were available from most infants, with samples 
available from 100, 95, and 68 infants in the SYN, CTRL, and BF 

FIGURE 2

Weight gain velocity through 4 months for the full analysis and per-protocol sets. CI, confidence interval; CTRL, control formula group; FAS, full 
analysis set; PP, per-protocol population; SYN, experimental formula group. Analyses were performed using ANCOVA, correcting for baseline weight, 
sex, mode of delivery, and study center. The mean difference was calculated as SYN minus CTRL. Non-inferiority of weight gain velocity for infants in 
the SYN group compared to the CTRL group was accepted if the lower bound of the two-sided 95% CI on the model-based treatment difference was 
above the non-inferiority margin of -3 g/day (p < 0.001 for both FAS and PP).

https://doi.org/10.3389/fnut.2025.1628847
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Picaud et al. 10.3389/fnut.2025.1628847

Frontiers in Nutrition 09 frontiersin.org

groups at baseline, respectively, and 83, 78, and 53 infants in these 
groups at 3 months, respectively.

At baseline, no difference in the abundance of bifidobacteria 
was observed between the different feeding groups. At 3 months, 
the SYN group showed a significantly higher relative abundance of 
bifidobacteria compared to CTRL infants (p = 0.004; Figure 5A). 
BF infants showed the highest mean abundance, although some BF 
infants exhibited very low abundance, resulting in high variability 
across the group, similar to what was observed in the CTRL group. 
In contrast, the SYN group did not exhibit such variability in 
abundance at 3 months. A similar higher abundance and reduced 
variability toward the lower end was observed for infant-type 
bifidobacteria (mainly comprised of B. longum subsp. infantis, 
B. bifidum, B. breve, and B. longum subsp. longum) in 3-month-old 
SYN infants compared to CTRL infants (Figure 5B). The highest 
median abundance of infant-type bifidobacteria was observed in 
BF infants. These results were also observed in the PP and sub-PP 
populations (both p ≤ 0.003; Supplementary Figure S2). The 

significantly altered bifidobacteria abundances between the CTRL 
and SYN groups are shown in Supplementary Figure S3. The 
individual Bifidobacterium species B. lactis and B. infantis, which 
correspond to the two provided probiotic species, were highest in 
the SYN group at 3 months compared to both CTRL and BF groups 
(Figures 5C,D).

3.7 Probiotic B. infantis LMG11588 tracking

At baseline, very few infants—regardless of feeding group—had 
detectable and typable B. infantis in their feces. At 3 months, all but 
one SYN infant had detectable B. infantis in their feces, with the 
majority of infants (83.7%) harboring the probiotic strain LMG11588 
(Figure 6A). Approximately 16.3% of SYN infants showed untyped or 
other B. infantis strains at 3 months, while in both the CTRL and BF 
groups, fewer infants had detectable B. infantis. In the SYN group, very 
few infants showed the strain LMG11588 at baseline, and very few 

FIGURE 3

Infant anthropometric z-scores through 4 months for the full analysis set. BF, breastfed group; CTRL, control formula-fed group; HC, head 
circumference; SYN, experimental formula-fed group. Analyses were performed using propensity score-adjusted ANCOVA, correcting for baseline 
value, sex, mode of delivery, and study center. *SYN and CTRL were significantly different from BF (p < 0.05). #SYN was significantly different from BF 
(p < 0.05). p-values were adjusted for multiple comparisons using Benjamini-Hochberg correction.
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infants in the CTRL and BF groups had detectable B. infantis 
LMG11588 at 3 months of age. At baseline, B. infantis strains ATCC 
15687 and BT1 were present at a much higher abundance compared 
to other detected strains. At 3 months, the abundance of B. infantis 

strain LMG11588 ranged from just above 0.01% to approximately 
90%, with half of the infants having LMG11588 between 0.1 and 10% 
of all measured microbes. Other typeable strains were similarly 
abundant (Figure 6B).

FIGURE 4

Mean Infant Gastrointestinal Symptom Questionnaire (IGSQ) scores through 4 months for the full analysis set. BF, breastfed group; CTRL, control 
formula-fed group; SYN, experimental formula-fed group. The IGSQ index score is calculated from the IGSQ questionnaire and ranges from 13 to 65. 
Scores from 13 to 23 indicate good GI tolerance, scores >23 to 30 suggest some GI distress, and scores >30 to 65 indicate clinically meaningful GI 
discomfort. Values are presented as mean ± SD and were analyzed using propensity score-adjusted ANCOVA, correcting for baseline value, age, and 
study center. p-values were adjusted for multiple comparisons using Benjamini-Hochberg correction. There were no significant differences between 
groups at any time point (all p > 0.05).

TABLE 3 Physician-reported adverse events through 4 months for the safety analysis seta.

Variable SYN
n = 118

CTRL
n = 115

BF
n = 81

Events n Infants n (%) Events n Infants n (%) Events n Infants n (%)

Any AE 331 100 (85) 288 91 (79) 139 55 (68)

Serious AE 18 18 (15) 17 15 (13) 8 6 (7)

Severity

  Mild 265 87 (74) 235 77 (67) 114 51 (63)

  Moderate 55 35 (30) 41 25 (22) 21 11 (14)

  Severe 11 8 (7) 12 10 (9) 4 3 (4)

Relation to the study formula

  Probable 40 28 (24) 45 30 (26)

–
  Related 1 1 (1) 0 0

  Unlikely 65 31 (26) 78 33 (29)

  Unrelated 225 82 (70) 165 73 (63)

Reason for study discontinuation

  Yes 24 16 (14) 26 14 (12) 4 3 (4)

aAE, adverse event; BF, breastfed group; CTRL, control formula-fed group; SYN, experimental formula-fed group. There were no significant differences among the groups (all p > 0.05). All 
p-values were adjusted for multiple comparisons using the Benjamini-Hochberg correction.
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FIGURE 5

Abundance of (A) Bifidobacterium species, (B) infant-type Bifidobacterium species, (C) B. infantis and (D) B. lactis at baseline (≤14 days [d]) and 
3 months (3mo) for the full-analysis set. BF, breastfed group; CTRL, control formula-fed group; SYN, experimental formula-fed group. Box and whisker 
plots are shown with individual subjects plotted as circles. Statistical significance between groups is indicated by p-values from a cross-sectional, bias-
corrected mixed-effects model, which corrects for baseline age and study center.

FIGURE 6

B. infantis strain tracking at baseline (≤14 days [d]) and 3 months (3mo) for the full analysis and per-protocol sets. (A) B. infantis strain categorization 
based on SNV-level variation shown for each infant (horizontal rows) in the per-protocol and full analysis set at each visit, stratified by intervention 
group. The white area indicates unavailable samples. Infants in the per-protocol analysis are grouped. (B) Relative abundance of B. infantis stratified by 
B. infantis strain categorization and visit across all three study groups in the full analysis set. BF, breastfed group; CTRL, control formula-fed group; SYN, 
experimental formula-fed group.
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3.8 Fecal pathogenic bacteria and other 
microbes

At baseline, potentially pathogenic bacteria were detected in 
very few infant fecal samples. At 3 months, mainly toxigenic 
Clostridioides difficile emerged, showing a significantly higher 
prevalence and abundance in CTRL compared to the SYN group 
(p = 0.0193; p = 0.00521, respectively) and the BF group 
(p < 0.001 for both; Figure 7). The taxa showing a significantly 
different prevalence and abundance at baseline and 3 months 
between the SYN and CTRL groups are shown in 
Supplementary Figure S3. Notably, few taxa differed between the 
SYN and CTRL groups after false discovery correction. Among 
these, the prevalence and abundance of the mucolytic bacterium 
Ruminococcus gnavus were lower in the SYN group compared to 
the CTRL group at 3 months of age. They were lowest in 
prevalence and abundance in BF.

3.9 Fecal pH and organic acids

Significant differences in fecal pH (Figure 8A) and some SCFAs 
(Supplementary Table S4) were observed at 3 months. Fecal pH was 
significantly lower in the SYN group compared to CTRL infants 
(p = 0.018), but levels were higher in both formula-fed groups 
compared to BF infants (both p ≤ 0.0003). The relative proportion of 
acetic acid was significantly higher in the BF group compared to the 
SYN or CTRL groups (SYN vs. BF: p = 0.010; CTRL vs. BF: p = 0.032). 
Compared to BF infants, a higher proportion of propionic acid was 
found in the SYN group (p = 0.005), but there were no differences 
between the CTRL and BF groups. In contrast, proportions of butyric 
and valeric acid were not significantly different across the three 
groups. Similarly, at 3 months, DL-lactic acid levels were similar in the 
SYN and CTRL groups and significantly lower compared to the BF 
group (p = 0.002 for both).

3.10 Fecal markers of immune and gut 
health

Immune and gut health markers are presented in Figure 8. Levels 
of sIgA (Figure 8B), calprotectin (Figure 8C), and lipocalin-2 (data not 
shown) in the SYN and CTRL groups were not significantly different 
from those of BF infants at 3 months. AAT levels (Figure 8D) were 
more comparable between the SYN and BF groups; however, AAT was 
significantly lower in the SYN group compared to the CTRL group 
(p = 0.014). In the BF group, AAT levels were also observed to 
be  lower compared to those in the CTRL group, although this 
difference did not reach statistical significance (p = 0.067).

4 Discussion

This is the first study to provide data on growth, GI tolerance, and 
gut microbiome outcomes in response to feeding with a unique infant 
formula consisting of a synbiotic blend of 6 HMOs and B. infantis plus 
B. lactis across various centers in Europe. The results demonstrate that 
this study formula supported healthy, age-appropriate growth and was 
safe and well-tolerated through 4 months of age. Moreover, the 
synbiotic formula promoted the expansion of beneficial bifidobacteria, 
especially infant-type species, in all infants, suggesting the formula 
could contribute toward minimizing the observed gaps in early 
microbiome development between formula-fed and BF infants.

Weight gain at 4 months in the SYN group was non-inferior to 
that of CTRL infants. Although growth anthropometry values were 
within normal ranges for infants across all three study groups and 
closely tracked the WHO median at 4 months, the SYN group had 
higher weight-for-age, weight-for-length, height-for-age, and length-
for-age z-scores compared to the BF infants. Despite these differences, 
both formula-fed groups exhibited normal, age-appropriate growth. 
Recently, a systematic review that evaluated growth outcomes 
associated with manufactured HMO supplementation at different 

FIGURE 7

Abundance of potentially pathogenic species at baseline (≤14 days [d]) and 3 months (3mo) for the full analysis set. BF, breastfed group; CTRL, control 
formula-fed group; SYN, experimental formula-fed group. The following species were detected: Campylobacter jejuni (C. jejuni), toxigenic 
Clostridiodes difficile (C. difficile), pathogenic Escherichia coli (E. coli), and Sarcina perfringens (S. perfringens; formerly Clostridium perfringens).
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concentrations and in diverse populations reported similar 
age-appropriate growth and no significant differences between 
intervention groups and controls (6). Here, we show that this is also 
the case when HMOs are combined with a specific probiotic 
combination of B. infantis LMG11588 and B. lactis CNCM I-3446.

Good GI tolerance was demonstrated across all groups, and no 
significant differences were observed when examined using the IGSQ 
composite score. Stool consistency and difficulty in passing stools 
were similar across all groups, but stool frequency was slightly lower 
in the formula-fed infants compared to the BF infants at 4 months. 
These findings are generally consistent with an earlier trial conducted 
in a similar population of infants, which examined the effects of a 
probiotic-containing infant formula supplemented with 2’FL from 
birth to 4 months of age; the trial reported comparable gastrointestinal 
symptoms and stool patterns between the formula-fed groups (7). 
Similarly, a recent systematic review that identified studies examining 
the impact of manufactured HMOs on tolerance reported that HMO 
supplementation was well-tolerated among infants across the 

identified studies (6). These data are generally consistent with the 
good GI tolerance observed in a supplement trial with the probiotic 
B. infantis LMG11588 (17).

The study results also demonstrated the overall expansion of 
beneficial bifidobacteria, specifically infant-type species, which 
encompass species capable of metabolizing specific HMOs and 
producing several compounds (e.g., organic acids, phenylalanine, and 
tryptophan derivatives) identified to modulate immune system 
development (20). The initial years of life are a critical period for 
development; bifidobacteria rapidly colonize the gut following birth and 
remain plentiful in the intestinal microbiota throughout life (21–23). 
Importantly, high bifidobacteria abundance in breastfed infants during 
the first months is achieved in the presence of commensal bifidobacteria 
able to metabolize HMOs (10). It is therefore meaningful that this 
formula resulted in similar bifidobacteria levels among SYN and BF 
infants (24). Similar to the BF group, SYN formula-fed infants had a 
significantly lower presence and abundance of opportunistic pathogens, 
mainly toxigenic C. difficile. A similar observation was previously 

FIGURE 8

Fecal (A) pH (presented as mean ± SD); values below the lower limit of quantification [LLOQ] were imputed by LLOQ/2, and values above the upper 
limit of quantification [ULOQ] were imputed by ULOQ; (B) IgA; (C) calprotectin; and (D) alpha-1 antitrypsin (all presented as geometric mean and 
geometric SD) at baseline (≤14 days [d]) and 3 months (3mo). BF, breastfed group; CTRL, control formula-fed group; SYN, experimental formula-fed 
group. All outcomes were analyzed using propensity score-adjusted ANCOVA, correcting for baseline value, age, and study center. p-values were 
adjusted for multiple comparisons using Benjamini-Hochberg correction.
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reported in infants fed a formula supplemented with a blend of 5HMO 
without any probiotics (9), indicating that this effect is likely due to the 
supplemented HMOs rather than the probiotics. Although not yet fully 
established, the altered compositional and functional gut ecology, 
characterized by higher abundance of bifidobacteria and lower fecal pH, 
may explain the reduced prevalence of toxigenic C. difficile (25). 
Mechanistically, acetic acid produced through bifidobacterial 
metabolism may also support gut barrier function, as recently shown in 
mechanistic models (26).

Interestingly, the commensal infant-type bifidobacteria 
B. infantis were only rarely observed in BF and CTRL infants 
compared to SYN infants through 3 months. A similar low 
prevalence was recently reported in other geographies (27), which 
is consistent with the general loss of B. infantis and the reduced 
capacity for HMO metabolism observed in industrialized settings 
compared to developing countries (12). Upon supplementation with 
the probiotic B. infantis LMG11588, a significant increase in the 
prevalence and abundance of the species B. infantis was achieved, 
and essentially all infants in the SYN group showed the presence of 
B. infantis. Strain tracking confirmed that the probiotic LMG11588 
was mostly present, with a few other B. infantis strains also detected. 
Of the latter, few were identifiable as known strains. From the 
collected information on the given concomitant supplements, 
we could not determine whether some of the identified B. infantis 
strains were introduced through the consumption of an 
unauthorized probiotic supplement; however, this may explain the 
observed effect.

Additionally, differences in pH and some SCFAs were 
observed as general indicators of gut ecology. Primarily, the 
reduced fecal pH seen in the SYN group compared to the CTRL 
group is an indicator of microbial activity, indicating higher 
microbial activity in the SYN group. Fecal markers of gut health 
(AAT [a measure of gut barrier integrity], calprotectin [a measure 
of gut inflammation]) and immune development (sIgA) were 
largely similar in formula-fed infants. For sIgA, the higher 
amount detected in fecal samples from BF infants’ feces is mostly 
from breastmilk, while in formula-fed infants, the measured 
amounts reflect the sIgA produced after birth in the infant’s gut. 
Similar to a previous multi-center trial studying the impact of an 
infant formula containing a blend of 5 HMOs (9), the current 
trial also observed reduced AAT levels in the feces of the SYN 
group compared to the CTRL group, and this was more similar 
to the observed amounts in BF infants. Collectively, the lower pH 
and AAT values indicate that SYN has positive effects on markers 
of gut health.

Several mechanisms have been proposed regarding the 
pathways by which the various ingredients of this formula may 
affect infant gut and immune outcomes. HMOs have numerous 
direct and indirect functions through interactions with epithelial 
cells, pathogens, and metabolites within and beyond the gut, 
making notable contributions to bifidobacteria colonization 
during early infancy (28). Additionally, HMOs have been linked 
to metabolic pathways that affect gut SCFAs and pH levels 
through the metabolic activity of gut bacterial communities (6). 
The gut also includes bifidobacteria, which interact with immune 
cells and affect immunomodulatory functions (9, 28), ferment 
indigestible glycans (28), interact with bile in the gut (28), and 

are known to metabolize HMOs (9, 28). The interactions between 
HMOs and bifidobacteria could further promote a healthy gut 
environment and immune development by creating a synbiotic 
effect, and this is especially important given current evidence 
suggesting that not all infants’ gut microbiomes metabolize 
HMOs equally (10, 20, 29). A recent study examining the effect 
of B. infantis LMG11588 combined with HMOs in ex vivo colonic 
incubation bioreactors seeded with fecal background microbiota 
from infant and toddler donors showed improvements in HMO 
metabolism for all donors, characterized by increases in SCFAs 
(11). While further studies are necessary to better describe these 
mechanisms, existing knowledge suggests that the ingredients in 
this formula synbiotically alter the gut environment to more 
closely resemble the profile of BF infants.

Strengths of this study include the randomized design and the 
use of a propensity score to include the BF reference group in 
analyses, despite this being a non-randomized group. 
Additionally, a high number of infants completed the study from 
enrollment through 4 months, which minimizes the potential for 
bias from missing data and losses to follow-up. This study was 
also conducted in centers across multiple European countries, 
thereby providing a more representative sample of infants. 
Validated tools and laboratory methodologies were utilized to 
assess the outcomes of interest. Examining fecal biomarkers and 
the microbiota also strengthened the evaluation of this synbiotic 
formula’s impact on infant immunity and gut development. 
Lastly, the unique blend of manufactured HMOs in this formula 
is an innovative concept and could have a beneficial impact on 
the long-term health trajectories of infants receiving formula. 
Limitations of this study include the relatively high proportion of 
enrolled infants with major protocol deviations (29%) and the 
inability to complement the results and their interpretation with 
fecal cytokine results, as more than 90% of values fell below the 
level of quantification.

5 Conclusion

In conclusion, this partially hydrolyzed infant formula, which 
includes a specific synbiotic blend of 6 HMOs and the probiotics 
B. infantis LMG11588 and B. lactis CNCM I-3446, was safe and 
well-tolerated up to 4 months of age. Breastfeeding is the ideal 
source of nutrition for infants. Given the importance of 
breastfeeding for infants to have a healthy, long-term developmental 
trajectory, it is crucial to maximize the benefits that formula can 
provide in cases where breastfeeding is not possible. This study 
formula supported appropriate infant growth and increased the 
relative abundance of bifidobacteria, thereby positively influencing 
gut health. Additional findings through 15 months of age will 
provide a longitudinal perspective of the impact of the formula on 
these endpoints.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors without undue reservation.

https://doi.org/10.3389/fnut.2025.1628847
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Picaud et al. 10.3389/fnut.2025.1628847

Frontiers in Nutrition 15 frontiersin.org

Ethics statement

The studies involving humans were approved by Comite de 
Protection des Personnes Ile-de-France X, Geschaftsstelle Ethik-
Kommission der Arztekammer Berlin K, Commissie Medische Ethiek 
Vrije Universiteit Brussel, Comite de Etica de la Investigacion 
Provincial de Cordoba, Comite d’Ethique Hospitalo-Facultaire 
Universitaire de Liege, Ethikkommission an de Universitatsmedizin 
Rostock, Ethics Committee OG 065 AZ Sint-Jan Brugge Oostende AV, 
Comite d’Ethique Medicale Clinique CHC Montlegia, and the Ethics 
Committee of the Berlin Medical Association. The studies were 
conducted in accordance with local legislation and institutional 
requirements. Written informed consent for participation in this study 
was obtained from the participants’ parents or legal guardians or 
next of kin.

Author contributions

J-CP: Writing – original draft, Investigation, Writing – review & 
editing, Conceptualization. OC: Investigation, Writing  – review & 
editing. MG-C: Writing  – review & editing, Investigation. IC: 
Investigation, Writing  – review & editing. LC: Writing  – review & 
editing, Investigation. PA: Writing – review & editing, Investigation. AL: 
Writing – review & editing, Investigation. MC: Investigation, Writing – 
review & editing. HP: Investigation, Writing – review & editing. VH: 
Investigation, Writing – review & editing. DM: Investigation, Writing – 
review & editing. YV: Investigation, Writing – review & editing. PM: 
Investigation, Writing  – review & editing. FJ: Writing  – review & 
editing, Investigation. DO: Writing – review & editing, Investigation. 
SP: Writing  – review & editing, Investigation. LL: Formal analysis, 
Writing – review & editing. CF: Resources, Project administration, 
Writing  – review & editing, Supervision. PR-G: Formal analysis, 
Investigation, Writing – review & editing. JM: Writing – original draft, 
Investigation, Formal analysis, Writing  – review & editing. IS-Z: 
Supervision, Writing – review & editing, Conceptualization, Funding 
acquisition. BZ: Writing  – review & editing, Supervision. NH: 
Supervision, Writing – review & editing, Writing – original draft. NS: 
Writing – original draft, Conceptualization, Writing – review & editing. 
JM-M: Investigation, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was sponsored 
by Société des Produits Nestlé S. A. (SPN). Scientists employed by SPN 
were involved in the study design, data analyses, results interpretation, 
and manuscript writing.

Acknowledgments

We sincerely thank the parents and caregivers who consented to their 
infant’s participation in the study, as well as the study teams at each 
institution for their excellent contributions to the study organization and 
conduct. We would like to extend special thanks to Colin Cercamondi 
and Dominick Maes for their assistance with study conceptualization, as 
well as to John Jimenez Suarez, Chang Ming, and Anirban Lahiry for their 
support with data management and statistical analyses. We also appreciate 
the contributions of Heidi Reichert and Naimisha Movva of 
EpidStrategies, who provided medical writing support (funded by Nestlé). 
Portions of these results were presented in abstract form at the 15th 
Excellence in Pediatrics conference in Paris, France, in December 2023.

Conflict of interest

Authors LL, CF, ISZ, BZ, NPH, and NS are employed by Société des 
Produits Nestlé S.A. Author JM Moll is employed by Cmbio, and author 
PRG was employed by Cmbio at the time of completion of this work.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1628847/
full#supplementary-material

References
 1. Moossavi S, Miliku K, Sepehri S, Khafipour E, Azad MB. The prebiotic and 

probiotic properties of human milk: implications for infant immune development and 
pediatric asthma. Front Pediatr. (2018) 6:197. doi: 10.3389/fped.2018.00197

 2. Bode L. Human milk oligosaccharides: every baby needs a sugar mama. 
Glycobiology. (2012) 22:1147–62. doi: 10.1093/glycob/cws074

 3. Storm HM, Shepard J, Czerkies LM, Kineman B, Cohen SS, Reichert H, et al. 
2′-fucosyllactose is well tolerated in a 100% whey, partially hydrolyzed infant formula 

with Bifidobacterium lactis: a randomized controlled trial. Glob Pediatr Health. (2019) 
6:2333794x19833995. doi: 10.1177/2333794X19833995

 4. Marriage BJ, Buck RH, Goehring KC, Oliver JS, Williams JA. Infants fed a lower 
calorie formula with 2'FL show growth and 2'FL uptake like breast-fed infants. J Pediatr 
Gastroenterol Nutr. (2015) 61:649–58. doi: 10.1097/MPG.0000000000000889

 5. Puccio G, Alliet P, Cajozzo C, Janssens E, Corsello G, Sprenger N, et al. Effects of 
infant formula with human Milk oligosaccharides on growth and morbidity: a 

https://doi.org/10.3389/fnut.2025.1628847
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1628847/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1628847/full#supplementary-material
https://doi.org/10.3389/fped.2018.00197
https://doi.org/10.1093/glycob/cws074
https://doi.org/10.1177/2333794X19833995
https://doi.org/10.1097/MPG.0000000000000889


Picaud et al. 10.3389/fnut.2025.1628847

Frontiers in Nutrition 16 frontiersin.org

randomized multicenter trial. J Pediatr Gastroenterol Nutr. (2017) 64:624–31. doi: 
10.1097/MPG.0000000000001520

 6. Schönknecht YB, Moreno Tovar MV, Jensen SR, Parschat K. Clinical studies on the 
supplementation of manufactured human milk oligosaccharides: a systematic review. 
Nutrients. (2023) 15:3622. doi: 10.3390/nu15163622

 7. Alliet P, Vandenplas Y, Roggero P, Jespers SNJ, Peeters S, Stalens J-P, et al. Safety and 
efficacy of a probiotic-containing infant formula supplemented with 2′-fucosyllactose: 
a double-blind randomized controlled trial. Nutr J. (2022) 21:11. doi: 
10.1186/s12937-022-00764-2

 8. Holst AQ, Myers P, Rodríguez-García P, Hermes GDA, Melsaether C, Baker A, et al. 
Infant formula supplemented with five human milk oligosaccharides shifts the fecal 
microbiome of formula-fed infants closer to that of breastfed infants. Nutrients. (2023) 
15:3087. doi: 10.3390/nu15143087

 9. Bosheva M, Tokodi I, Krasnow A, Pedersen HK, Lukjancenko O, Eklund AC, et al. 
Infant formula with a specific blend of five human milk oligosaccharides drives the gut 
microbiota development and improves gut maturation markers: a randomized 
controlled trial. Front Nutr. (2022) 9:920362. doi: 10.3389/fnut.2022.920362

 10. Matsuki T, Yahagi K, Mori H, Matsumoto H, Hara T, Tajima S, et al. A key genetic 
factor for fucosyllactose utilization affects infant gut microbiota development. Nat 
Commun. (2016) 7:11939. doi: 10.1038/ncomms11939

 11. De Bruyn F, James K, Cottenet G, Dominick M, Katja J. Combining Bifidobacterium 
longum subsp. infantis and human milk oligosaccharides synergistically increases short 
chain fatty acid production ex  vivo. Commun Biol. (2024) 7:943. doi: 
10.1038/s42003-024-06628-1

 12. Olm MR, Dahan D, Carter MM, Merrill BD, Yu FB, Jain S, et al. Robust variation 
in infant gut microbiome assembly across a spectrum of lifestyles. Science. (2022) 
376:1220–3. doi: 10.1126/science.abj2972

 13. World Health Organization. WHO child growth standards: Head 
circumference-for-age, arm circumference-for-age, triceps skinfold-for-age and 
subscapular skinfold-for-age: Methods and development. Geneva: World Health 
Organization (2007).

 14. Huysentruyt K, Koppen I, Benninga M, Cattaert T, Cheng J, De Geyter C, et al. 
The Brussels infant and toddler stool scale: a study on interobserver reliability. J Pediatr 
Gastroenterol Nutr. (2019) 68:207–13. doi: 10.1097/MPG.0000000000002153

 15. Riley AW, Trabulsi J, Yao M, Bevans KB, DeRusso PA. Validation of a parent report 
questionnaire: the infant gastrointestinal symptom questionnaire. Clin Pediatr (Phila). 
(2015) 54:1167–74. doi: 10.1177/0009922815574075

 16. Pita S, Myers PN, Johansen J, Russel J, Nielsen MC, Eklund AC, et al. CHAMP 
delivers accurate taxonomic profiles of the prokaryotes, eukaryotes, and bacteriophages 
in the human microbiome. Front Microbiol. (2024) 15:1425489. doi: 
10.3389/fmicb.2024.1425489

 17. Capeding MRZ, Phee LCM, Ming C, Noti M, Vidal K, Le Carrou G, et al. Safety, 
efficacy, and impact on gut microbial ecology of a Bifidobacterium longum subspecies 
infantis LMG11588 supplementation in healthy term infants: a randomized, double-

blind, controlled trial in the Philippines. Front Nutr. (2023) 10:1319873. doi: 
10.3389/fnut.2023.1319873

 18. Chan JC, Kioh DY, Yap GC, Lee BW, Chan EC. A novel LCMSMS method for 
quantitative measurement of short-chain fatty acids in human stool derivatized with (12)
C- and (13)C-labelled aniline. J Pharm Biomed Anal. (2017) 138:43–53. doi: 
10.1016/j.jpba.2017.01.044

 19. Zhou H, He K, Chen J, Zhang X. LinDA: linear models for differential abundance 
analysis of microbiome compositional data. Genome Biol. (2022) 23:95. doi: 
10.1186/s13059-022-02655-5

 20. Henrick BM, Rodriguez L, Lakshmikanth T, Pou C, Henckel E, Arzoomand A, 
et al. Bifidobacteria-mediated immune system imprinting early in life. Cell. (2021) 
184:3884–98.e11. doi: 10.1016/j.cell.2021.05.030

 21. Colston JM, Taniuchi M, Ahmed T, Ferdousi T, Kabir F, Mduma E, et al. Intestinal 
colonization with Bifidobacterium longum subspecies is associated with length at birth, 
exclusive breastfeeding, and decreased risk of enteric virus infections, but not with histo-
blood group antigens, oral vaccine response or later growth in three birth cohorts. Front 
Pediatr. (2022) 10:804798. doi: 10.3389/fped.2022.804798

 22. Marques TM, Wall R, Ross RP, Fitzgerald GF, Ryan CA, Stanton C. Programming 
infant gut microbiota: influence of dietary and environmental factors. Curr Opin 
Biotechnol. (2010) 21:149–56. doi: 10.1016/j.copbio.2010.03.020

 23. Milani C, Duranti S, Bottacini F, Casey E, Turroni F, Mahony J, 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:e00036–17. doi: 
10.1128/MMBR.00036-17

 24. Donald K, Finlay BB. Early-life interactions between the microbiota and immune 
system: impact on immune system development and atopic disease. Nat Rev Immunol. 
(2023) 23:735–48. doi: 10.1038/s41577-023-00874-w

 25. Drall KM, Tun HM, Morales-Lizcano NP, Konya TB, Guttman DS, Field CJ, et al. 
Clostridioides difficile Colonization Is Differentially Associated With Gut Microbiome 
Profiles by Infant Feeding Modality at 3-4 Months of Age. Front Immunol. (2019) 
10:2866. doi: 10.3389/fimmu.2019.02866

 26. Fachi JL, de Oliveira S, Trsan T, Penati S, Gilfillan S, Cao S, et al. Fiber- and 
Acetate-Mediated Modulation of MHC-II Expression on Intestinal Epithelium Protects 
from Clostridioides difficile Infection. Cell Host and Microbe (2025) 33:235–251.

 27. Xu J, Duar RM, Quah B, Gong M, Tin F, Chan P, et al. Delayed colonization of 
Bifidobacterium spp. and low prevalence of B. infantis among infants of Asian ancestry 
born in Singapore: insights from the GUSTO cohort study. Front Pediatr. (2024) 
12:1421051. doi: 10.3389/fped.2024.1421051

 28. Wong CB, Huang H, Ning Y, Xiao J. Probiotics in the new era of human milk 
oligosaccharides (HMOs): HMO utilization and beneficial effects of Bifidobacterium 
longum subsp. infantis M-63 on infant health. Microorganisms. (2024) 12:1014. doi: 
10.3390/microorganisms12051014

 29. Laursen MF, Sakanaka M, von Burg N, Mörbe U, Andersen D, Moll JM, et al. 
Bifidobacterium species associated with breastfeeding produce aromatic lactic acids in 
the infant gut. Nat Microbiol. (2021) 6:1367–82. doi: 10.1038/s41564-021-00970-4

https://doi.org/10.3389/fnut.2025.1628847
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1097/MPG.0000000000001520
https://doi.org/10.3390/nu15163622
https://doi.org/10.1186/s12937-022-00764-2
https://doi.org/10.3390/nu15143087
https://doi.org/10.3389/fnut.2022.920362
https://doi.org/10.1038/ncomms11939
https://doi.org/10.1038/s42003-024-06628-1
https://doi.org/10.1126/science.abj2972
https://doi.org/10.1097/MPG.0000000000002153
https://doi.org/10.1177/0009922815574075
https://doi.org/10.3389/fmicb.2024.1425489
https://doi.org/10.3389/fnut.2023.1319873
https://doi.org/10.1016/j.jpba.2017.01.044
https://doi.org/10.1186/s13059-022-02655-5
https://doi.org/10.1016/j.cell.2021.05.030
https://doi.org/10.3389/fped.2022.804798
https://doi.org/10.1016/j.copbio.2010.03.020
https://doi.org/10.1128/MMBR.00036-17
https://doi.org/10.1038/s41577-023-00874-w
https://doi.org/10.3389/fimmu.2019.02866
https://doi.org/10.3389/fped.2024.1421051
https://doi.org/10.3390/microorganisms12051014
https://doi.org/10.1038/s41564-021-00970-4


Picaud et al. 10.3389/fnut.2025.1628847

Frontiers in Nutrition 17 frontiersin.org

Glossary

2’FL - 2’fucosyllactose

3-FL - 3-fucosyllactose

3’SL - 3’sialyllactose

6’SL - 6’sialyllactose

AAT - Alpha-1 antitrypsin

AE - Adverse event

ANCOVA - Analysis of covariance

BF - Breastfed

BMI - Body mass index

CTRL - Control formula

CFU - Colony forming unit

CI - Confidence interval

CONSORT - Consolidated Standards of Reporting Trials

DFL - 2′,3-di-O-fucosyllactose

DNA - Deoxyribonucleic acid

eCRF - Electronic case report form

SYN - Experimental formula

ELISA - Enzyme-linked immunosorbent assay

FAS - Full analysis set

FUF - Follow-up formula

GI - Gastrointestinal

GUM - Growing-up milk/formula

HC - Head circumference

IF - Starter infant formula

IGSQ - Infant Gastrointestinal Symptom Questionnaire

IID - Infant illness diary

ITT - Intention-to-treat

LNT - Lacto-N-tetraose

NGS - Next generation sequencing

PP - Per-protocol

SAE - Serious adverse event

sIgA - Secretory immunoglobulin A

SD - Standard deviation

SOC - System organ class

SAS - Safety analysis set

Sub-PP - Sub-per-protocol

V0 - Baseline study visit

V1 - Study visit at 1 month of age

V2 - Study visit at 2 months of age

V3 - Study visit at 3 months of age

V4 - Study visit at 4 months of age

V5 - Study visit at 6 months of age

V6 - Study visit at 9 months of age

V7 - Study visit at 12 months of age

V8 - Study visit at 15 months of age
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