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1. Introduction

The first months of life are key for establishment of 
infants’ intestinal microbiota. The gut microbiota profile 
evolves continuously over the first five years of life, until it 

reaches an adult-like composition (Rodríguez et al., 2015). 
In breastfed babies, the initial microbiota is composed 
mainly of aerobic bacteria during the first days of life, with 
a subsequent dominance of strictly anaerobic bifidobacteria 
species. Formula-feeding, among other factors, alters 
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Formula-fed infants are more susceptible to infectious diseases because they lack the maternal immune factors 
transferred from breast milk, while their own immune system is still immature. As timely probiotic administration 
was suggested to promote immune system development in formula-fed infants, this study aimed at assessing the 
safety and the effects of a probiotic supplement (Bifidobacterium infantis R0033, Bifidobacterium bifidum R0071, 
and Lactobacillus helveticus R0052) on mucosal immune competence and digestive function in formula-fed infants. 
Healthy infants (3.5-6 months old) were randomised to receive either probiotic- (n=66) or placebo-supplemented 
(n=66) formula once a day for four weeks. In the probiotics group, faecal secretory immunoglobulin A (SIgA) levels 
remained similar between visit 2 (baseline; V2) and visit 3 (end-of-treatment; V3), but decreased in the placebo 
group. Changes in SIgA levels following treatment (log10∆V3-V2 [95%CI]) between the probiotic and placebo groups 
were statistically significant (23 ng/dl [-57;102] and -137 ng/dl [-212;-62], respectively (P=0.0044; ANCOVA)). 
While log10∆V3-V2 [95%CI] for salivary SIgA levels increased in both groups, this trend was more pronounced in 
the probiotics than in the placebo group with an increase of 123 ng/dl [9;236] and 37 ng/dL [-72;147], respectively 
(P=0.2829; ANCOVA). The weekly average number of stools/day was significantly higher in the probiotics group 
compared to placebo during the last week of treatment for the per protocol population. There was no difference in 
microbiota composition or anthropometric parameters between groups. No serious adverse event was reported, 
and all adverse events were mild and unrelated to the product or study. Our results show that formula-fed infants 
receiving probiotics maintained higher faecal SIgA levels at the end of the four-week treatment period, suggesting 
a positive effect of probiotics on SIgA production. This study demonstrates the safety of this probiotic formulation 
in infants. Formula-fed infants may benefit from probiotics supplementation to sustain the development of mucosal 
immunity.
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normal microbiota development. Formula-fed babies 
display an increased microbial diversity characterised by 
an enrichment in anaerobic bacteria, such as Bacterioides 
and Clostridium, with an overrepresentation of Clostridium 
difficile (Yatsunenko et al., 2012). In addition, protective 
bifidobacteria species are underrepresented in formula-fed 
infants compared to breastfed infants (Lee et al., 2015). For 
example, breastmilk oligosaccharides were shown to foster 
colonisation by specific Bifidobacterium strains, notably 
Bifidobacterium longum subsp. infantis (B. infantis) (Lee 
et al., 2015). Now that recent milk formulas are formulated 
with a pH closer to that of breast milk and include non-
digestible oligosaccharides (as prebiotics), they partially 
mimic the effect breast milk and improve colonisation by 
bifidobacteria (Giovannini et al., 2014; Matsuki et al., 2016; 
Simeoni et al., 2016). Consistent with this, a number of 
studies have recently reported similar faecal bifidobacteria 
counts, at the genus level without identifying the species, in 
babies fed with breastmilk or formula containing prebiotic 
oligosaccharides (Penders et al., 2005; Wang et al., 2015).

In addition to its role in defining the early microbiota 
composition, breastfeeding has been shown to 
transfer a variety of biologically active factors such as 
immunoglobulins from the mother, thereby promoting 
immune system development in newborns (Cacho and 
Lawrence, 2017). Secretory immunoglobulin A (SIgA), 
which represents 90% of the immunoglobulins present in 
breast milk, protects the intestinal mucosa and prevents 
infections primarily by promoting pathogens’ agglutination 
in mucus (Cacho and Lawrence, 2017). This crucial first-
line of defence against pathogens is lacking in the immature 
immune system of formula-fed newborns until endogenous 
SIgA production begins (Lewis and Wilson, 2011). A 
complex dynamic exists between microbiota composition 
and SIgA levels in the intestines (Wopereis et al., 2014). 
Initial colonisation of the newborns’ gastrointestinal tract 
facilitates the development of the gut-associated lymphoid 
tissue, which initiates endogenous SIgA production 
(Gensollen et al., 2016). In turn, intestinal SIgA has been 
shown to maintain a controlled microbial colonisation while 
preserving mucosal homeostasis (Kato et al., 2014; Mantis et 
al., 2011). Intestinal SIgA is produced in the gut-associated 
lymphoid tissue by plasma cells, which are Ig-secreting 
immune cells differentiated from the B-cell lineage. For 
the first week and a half after birth, these cells are absent 
from the newborns’ intestinal lamina propria. Endogenous 
SIgA production by the newborns’ plasma cells begins 
approximately three weeks later (Jakaitis and Denning, 
2014). At one month of age, faecal SIgA levels in breastfed 
infants also include maternal SIgA, and are approximately 
18 times higher than in formula-fed infants, supporting the 
notion that breastfed infants are better protected against 
infections than their formula-fed counterparts (Guaraldi 
and Salvatori, 2012).

Considering the significant public health concern resulting 
from the higher propensity to infections and related 
lifelong health issues associated with the lower SIgA levels 
in formula-fed infants, the World Health Organization 
has recently reiterated its recommendation for exclusive 
breastfeeding in the first 6 months after birth, and extended 
the recommendation for mothers to continue providing 
breastmilk in their infants’ diet until two years after birth 
(Guaraldi and Salvatori, 2012; WHO, 2018a). However, in 
some cases, breastfeeding may not represent a possible or 
suitable option. Therefore, easily applicable strategies aimed 
at supporting immune system maturation, SIgA production, 
and microbiota establishment in formula-fed infants are 
needed. Probiotic supplementation in infants has been 
suggested to sustain immune development and microbiota 
establishment (Stojkovic et al., 2016) and some probiotic 
formulations were shown to decrease the risk of necrotizing 
enterocolitis and sepsis in preterm infants, although the 
extent of beneficial effects appears to vary according to the 
formulations used or the premature infants’ birthweight 
(Deshpande et al., 2017; Jacobs et al., 2013; Thomas et 
al., 2017; Zhang et al., 2016). While studies have yielded 
promising results following bifidobacteria supplementation 
in non-preterm infants, even when breastfed (Aloisio et 
al., 2018), other clinical trials have yielded mixed results 
and no consensus has been reached regarding the extent 
of the health benefits of probiotic supplementation in milk 
formula (Skorka et al., 2017). Here, using a randomised, 
double-blind, placebo-controlled parallel trial design, we 
assessed the safety and effects of an oral preparation of 
probiotics, containing Bifidobacterium infantis R0033, 
Bifidobacterium bifidum R0071, and Lactobacillus 
helveticus R0052 on immune and digestive functions in 
healthy formula-fed infants.

2. Materials and methods

Participant selection

Participants flow through each stage of the study is 
presented in Figure 1. Healthy infants between 3.5 and 
6 months old were recruited for this study. Study eligibility 
was assessed based on the following inclusion criteria: 
single birth at gestational age ≥37 weeks (i.e. non-preterm 
infants (WHO, 2018b)); birth weight >2,500 g; appropriate 
weight between P20-P80 at the inclusion visit, in accordance 
with the weight percentile standards for children up to 6 
years old in the Shanghai urban areas; formula feeding 
representing >80% of daily food intake at the inclusion 
visit; absence of gastrointestinal diseases within 1 month 
prior to the inclusion visit; parents agreement to use 
one of the recommended infant formulas (i.e. without 
probiotics, without fructooligosaccharide, with less than 
2 g of galactooligosaccharide/100 g); capacity of the parent 
or legal tutor to understand the protocol and fill out the 
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infant’s diary; consent form signed by at least one of the 
parents or by the legal tutor properly informed of the study.

However, potential participants meeting one of the 
following criteria were not eligible for the study: Congenital 
illness or malformation; significant pre-natal and/or post-
natal disease; mothers with metabolic or chronic disease; 
infants with allergic constitution or known sensitivity to 
probiotics; infants with serious diseases (e.g. cardiovascular, 
cerebrovascular, hepatic, renal or hematopoietic system 
diseases, internal secretion diseases, or mental disorder); 
infants receiving other drugs during the intervention phase 
of the study (thereby preventing a clear interpretation of 
the results and intervention efficacy or influencing data 
analysis); infants known to have current or previous 
illnesses/conditions or intervention which could interfere 
with the study (i.e. impacting tolerance and/or growth), 
such as gastrointestinal malformations, chronic diarrhoea, 
malabsorption syndrome, malnutrition, congenital 
immunodeficiency, major surgery, or other as judged by 
clinical investigators; infants under oral antibiotic treatment 
at or within the four weeks preceding the inclusion visit; 
infants who received any medication or nutritional 
supplements (including probiotics, or prebiotics except 
for accepted levels in infant formula) in the four weeks 
preceding study start; infants who have ever consumed 

the interventional product; infants who have medical 
conditions for which a special diet other than standard 
(non-hydrolysed) cow milk-based infant formula is required 
(e.g. cow milk allergy, soy protein allergy, fish protein allergy, 
egg protein allergy, lactose intolerance, galactosaemia); 
currently participating or having participated in another 
clinical trial during the month preceding study start; 
infants whose legal representatives have psychological or 
linguistic incapability to sign the informed consent form; 
reasons to presume that parents are unable to meet the 
study plan requirements (e.g. impossibility to contact study 
representatives in case of emergency or unstable living 
conditions).

Ethics and informed consent

The study was approved by the Medical Ethics Committee 
of Shanghai First Maternity and Infant Hospital, China. 
Each parent or legal tutor has signed an informed consent 
form before infants were enrolled in this study. The study 
protocol was published previously (Xiao et al., 2017) and the 
trial was registered in ClinicalTrials.gov (NCT02317406).

n=133
Subjects screened

n=132
Subjects randomised

n=18
Did not receive any product 
Reasons:
• Children who left the study after 
 V1 visit (n=11)
• Children who left the study after 
 V2 visit (n=6)
• Children who left the study after 
 V3 visit with missing diaries 
 between V2 and V3 visits (n=1) 

n=1
Screening failures
Reasons:
• Not meeting incl./excl. criteria

n=114
Subjects receiving the products

n=55
Probiotics

n=59
Placebo

n=48 
Completed

n=7
Withdrawn
• Non respect of the protocol 
 instructions (n=5)
• Child's parents not willing 
 to continue the study (n=1)
• Lost to follow-up (n=1)

n=57
Completed

n=2
Withdrawn
• Child's parents not willing to 
 continue the study (n=2)

Figure 1. Flowchart depicting the recruitment of participants and providing the reasons for exclusions throughout the study.
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Interventional products composition and dosage

One probiotics sachet (1.5 g), which contained 1.425×108 
cfu of each B. infantis R0033 and B. bifidum R0071, with 
9.6×109 cfu of L. helveticus R0052, was diluted in the first 
feeding bottle of the day during four weeks. For the placebo 
group, an identically packaged, sensorially similar product 
composed mainly of potato starch was used. Both products 
were provided by Biostime (Guangzhou) Health Products 
Ltd.(Guangzhou, China).

Study design and procedures

A diagram of the study design was published previously 
(Xiao et al., 2017). This randomised, double-blind, placebo-
controlled, two-arm parallel group trial was conducted at 
the Shanghai First Maternity and Infant Hospital, Shanghai, 
China. Each participating infant was required to undergo a 
two-week run-in period before being randomly allocated 
to receive either the oral probiotic supplement or placebo 
once daily for four weeks, with a follow-up period of eight 
weeks. The total duration of the study was 14 weeks, with 
a total of five study visits. At the first visit, an investigator 
explained the study procedures to the parent or legal tutor 
in detail and reviewed the inclusion and exclusion criteria. 
The investigator also collected relevant demographic 
information, medical history, and concomitant medications. 
Study products (probiotics or placebo) were provided to the 
parents at visit 2 (V2) until the end of the 4 week treatment 
period at visit 3 (V3). The infants’ diaries were provided to 
parents or legal tutor at each visit, and they were instructed 
to fill in these diaries in order to record information such 
as gastrointestinal symptoms, number of stools/day, 
compliance and potential concomitant medications. The 
investigators also conducted a physical examination at each 
visit, including follow-up visits 4 and 5, and monitored 
potential adverse events (AEs).

Saliva sample collection

Saliva was collected using Salivette® sampling tubes 
(Sarstedt, Rommelsdorf, Germany). The swab inside of 
the Salivette tube was held firmly while one end was put in 
the baby’s mouth to be chewed for about 45 s to stimulate 
salivation and allow absorption into the swab. The swab 
with the absorbed saliva was then stored into the Salivette 
tube, kept at 4 °C and transported to the laboratory within 
24 h for analysis. Saliva was recovered by centrifuging the 
Salivette at 1000×g for 2 min.

Stool sample preparation

Parents were instructed to collect fresh stool samples in 
air-tight plastic bags within 24 h prior to V2 and V3. Stool 
samples were maintained anaerobically and sent to an 
external laboratory for analyses. Briefly, stool samples (0.5 g) 

were mixed in 5 ml of sterile Ringers solution containing 5% 
cysteine and vortexed for 5 to 10 min. Then, the supernatant 
was geometrically diluted in reagent bottles under sterile 
conditions.

Secretory immunoglobulin A quantification

SIgA concentration was assessed using an automated 
particle-enhanced immunonephelometric assay (Siemens, 
Munich, Germany) (Booth et al., 2009; Dion et al., 2004; 
Tzira et al., 2018). Reference curves were generated by 
multi-point calibration. Serial dilutions of N IgA standard 
(Siemens) were automatically prepared using a Siemens 
Specific Protein Analyser and N diluents.

Microbiota composition analysis

For the faecal microbiota composition analysis, stool 
samples were prepared in Ringer solution, as described 
above. Various media, obtained from Qingdao Hai Bo 
Biotechnology Ltd. (Qingdao, China P.R.) were used for 
the selective isolation of different microorganisms: freshly 
prepared De Man, Rogosa and Sharpe (MRS) agar to which 
mupirocin lithium salt was added, for bifidobacteria; 
Lactobacillus selection agar supplemented with 1 ml/1000 
ml of Tween 80 and 1.3 ml/1000 ml of glacial acetic acid, for 
lactobacilli; tryptose sulphite cycloserine agar to which 0.8 
ml/100 ml of 5% D-cycloserine was added, for Clostridium 
perfringens; modified Gifu anaerobic medium agar, to which 
80 mg/ml of vancomycin, 1 mg/ml of kanamycin, 0.01 
ml/100 ml of 1% vitamin K1, 0.25 g/100 ml of hemin, and 
7 ml/100 ml of blood were added, for Bacteroides; bile 
esculin azide (BEA) agar, for enterococci; and violet red 
bile dextrose agar, for Enterobacteria. The seeded, streaked 
culture plates were placed in anaerobic containers to 
maintain anaerobic conditions and incubated at 37 °C. Each 
anaerobic container contained a resazurin oxygen reduction 
indicator to ensure anaerobicity during incubation. The 
MRS, Lactobacillus selection agar, and modified Gifu 
anaerobic medium plates were incubated anaerobically for 
48 h; the BEA, tryptose sulphite cycloserine, and violet red 
bile dextrose agar plates were incubated anaerobically for 24 
h. Colony counts were obtained manually and expressed as 
cfu/g; numbers over 300 were considered as too numerous 
to count. After incubation, colonies with representative 
morphology and colour typical of specific species were 
randomly selected and identified with the microorganism 
Mass Spectrometry system (Bruker, Billerica, MA, USA) 
for confirmation.

Safety assessments

Anthropometric parameters were documented to assess the 
effect of the probiotic supplement on infants’ growth rate. 
Occurrence of AEs was monitored throughout the study for 
product safety assessment. All AEs and serious AEs (SAEs) 
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were recorded in the case report forms, whether related 
to the test product or not. All SAEs were reported as soon 
as possible to the national food and drug administration 
(FDA) and local FDA, the sponsor, and infant’s hospital.

Descriptive statistics, including the frequency of subjects 
showing at least one AE, the mean number of AE for 
each subject and the number of events, were generated 
by severity and relationship to the research procedure or 
study product. The proportion of subjects showing at least 
one AE was compared between groups using a chi-square 
or Fisher Exact test (if the chi-square test is not applicable). 
The mean number of AE for each subject and the number 
of events were compared between groups using a Poisson 
regression.

Statistical analyses

All statistical analyses were performed by a specialised 
statistician who remained blinded to study groups. To 
estimate the efficacy of this trial, both the intention-to-
treat and per-protocol populations were analysed. Baseline 
characteristics were compared using either unpaired 
Student’s t-test (parametric test) or Mann-Whitney test 
(non-parametric test) and a chi-squared or Fisher’s exact 
test (if one of the expected frequencies was ≤5). Statistical 
models were adjusted on breastfeeding history and delivery 
method. All statistical analyses were performed using the 
SAS software version 9.3 or higher (SAS Institute Inc., 
Cary, NC, USA), or the GraphPad Prism software v8.0.2 
(GraphPad Software, San Diego, CA, USA). A P<0.05 was 
considered as statistically significant.

3. Results

Baseline characteristics of participants

All analyses were performed on the intent-to-treat (ITT) 
population. Unless otherwise specified, identical results 
were obtained using the per-protocol (PP) population. 
The main demographic parameters of the ITT population, 
overall (n=132) and for each study arm, namely placebo 
(n=66) or probiotics (n=66), are shown in Table 1. No 
statistical differences between groups were observed 
at baseline on age (P=0.7955), child’s gestational age 
(P=0.5200), gender (P=0.6005), and breastfeeding history 
(P=0.2230).

Quantification of salivary secretory immunoglobulin A 
levels

There was no statistically significant difference observed 
on the Log10 ∆V3-V2 [95% CI] of the salivary SIgA 
concentration between the probiotics and placebo groups 
(123 ng/dl [9; 236] and 37 ng/dl [-72; 147] respectively; 
P=0.2829). However, the increasing trend was more 
pronounced in the probiotics group compared to the 
placebo group (Figure 2A).

Quantification of faecal secretory immunoglobulin A 
levels

Faecal SIgA concentrations (µg/dl; mean (standard 
deviation)) were measured at baseline (V2) and at the 
end of the treatment period (V3) (Table 2). Participants 
in the probiotics group maintained a higher faecal SIgA 
concentration over the treatment period compared to those 
in the placebo group, in whom faecal SIgA levels were 
significantly reduced at V3 compared to V2 (Figure 2B). 
Due to strong deviation from assumptions of normality and 
equal variance (homoscedasticity), analyses were performed 

Table 1. Participants baseline characteristics for the intent-to-treat population.

Endpoint Modalities Statistical parameter Included subjects (n=132) Placebo (n=66) Probiotics (n=66)

Gender male n (%) 71 (53.8) 34 (51.5) 37 (56.1)
female n (%) 61 (46.2) 32 (48.5) 29 (43.9)

Age (days) mean (SD) 146.6 (24.37) 147.2 (23.56) 146.1 (25.33)
Gestational age (days) mean (SD) 274.7 (5.79) 274.4 (5.67) 275.0 (5.93) 
Delivery method vaginal n (%) 56 (42.4) 28 (42.4) 28 (42.4)

caesarean n (%) 76 (57.6) 38 (57.6) 38 (57.6)
Was the child ever breastfed? yes n (%) 65 (49.2) 36 (54.5) 29 (43.9)

no n (%) 67 (50.8) 30 (45.5) 37 (56.1)
Is the child currently breastfed? yes n (%) 0 (0.0) 0 (0.0) 0 (0.0)

no n (%) 132 (100.0) 66 (100.0) 66 (100.0)
Was the child ever vaccinated? yes n (%) 132 (100.0) 66 (100.0) 66 (100.0)

no n (%) 0 (0.0) 0 (0.0) 0 (0.0)

Beneficial Microbes � Please cite this article as 'in press'
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after log10 transformation of values at V2 and V3. The log10 
∆ V3-V2 [95%CI] in the probiotics and placebo groups were 
23 ng/dl [-57; 102] and -137 ng/dl [-212; -62], respectively 
(P=0.0044). When considered as covariates, breastfeeding 
history (P=0.4623) or delivery method (P=0.7670) did not 
influence the results.

Daily stool frequency

Descriptive statistics for stool frequency are presented 
in Table 3. Due to strong deviation from assumptions 
of normality or equal variance (homoscedasticity), log10 
transformation was applied. No statistical difference 
was observed between groups for any week in the ITT 
population. Analysis on the PP population yielded the same 
results for statistical significance for most of the 4 week 
treatment period – week 0, 1, 2 and 3. However, for week 
4, a statistical difference was observed between groups, 

and increase in the weekly average number of stools/day in 
the probiotics group (Log10 ∆ probiotics-placebo [95%CI] 
= 0.13[0.01; 0.25]; adjusted P=0.0334).

Faecal microbiota composition

The abundance of specific taxonomic groups in faecal 
samples was assessed based on the recommendations from 
the Chinese Center for Disease Control and Prevention 
(CCDC) concerning probiotics efficacy for the regulation 
of intestinal flora composition, and include the changes in 
Lactobacillus, Bifidobacterium, C. perfringens, Enterococcus, 
Enterobacter, and Bacteroides counts before and after 
supplementation. No significant differences in microbiota 
composition were observed between groups (Table 4).

Visit 2 Visit 3
0

0.5×103

1×103

1.5×103

2×103

2.5×103
Sa

liv
ar

y S
IgA

 le
ve

ls 
(u

g/d
l)

Visit 2 Visit 3

Fa
ec

al 
SI

gA
 le

ve
ls 

(u
g/d

l)

0

2×104

4×104

6×104BA
Placebo

Probiotic

Figure 2. Quantification of secretory immunoglobulin A (SIgA) levels in saliva and faeces at visit 2 and visit 3. (A) Average SIgA 
concentrations in saliva (µg/dl) for the intent-to-treat (ITT) population in placebo (n=66) and probiotics (n=66) groups at visit 2 
and visit 3. Statistical significance was assessed using the Holm-Sidak method (α=0.005) without assuming a consistent variance 
(P=0.096971), as well as a non-parametric Student’s t-test for unequal variance (at V3, P=0.04972). (B) Average SIgA concentrations 
in stool (µg/dl) for the ITT population in the placebo (n=66) and probiotics (n=66) groups at visit 2 and visit 3. Statistical significance 
was assessed using the Holm-Sidak method (α=0.05), without assuming a consistent variance (at V3, P=0.00042).

Table 2. Descriptive statistics of results for faecal secretory immunoglobulin A concentration (µg/dl) in the intent-to-treat (ITT) 
population.

Visit Statistical parameter1 ITT population (n=132) Placebo (n=66) Probiotics (n=66)

V2 N (Nmiss) 117 (15) 60 (6) 57 (9)
mean (SD) 4.11×104 (2.75×104) 3.76×104 (2.39×104) 4.48×104 (3.06×104)

V3 N (Nmiss) 112 (20) 58 (8) 54 (12)
mean (SD) 3.66×104 (2.65×104) 2.84×104 (1.89×104) 4.53×104 (3.06×104)

∆ (V3-V2) N 111 (21) 58 (8) 53 (13)
mean (SD) -5.18×103 (2.76×104) -1.03×104 (2.36×104) 3.87×102 (3.06×104)

1 SD = standard deviation.
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Product safety

Anthropometric measurements were collected to compare 
the growth rate between both groups (Table 5). Results 
showed growth equivalence between groups for weight, 
height, body mass index, and head circumference (P>0.05). 
No statistical differences were observed between groups at 
baseline on the following parameters: age, body mass index, 
child’s gestational age, weight, height, head circumference, 
and breastfeeding history (P>0.05).

The safety conclusions are based on participants for whom 
at least one AE was reported, and who had consumed one 
of the investigational products (n=114). Among the 114 
participants, 106 AEs were notified by the doctors during 
clinic visits for 52 children. A subgroup of 23 out of 55 
(41.82%) had at least one AE in the probiotics group vs 29 
out of 59 (49.15%) in the placebo group. These proportions 
were not significantly different between groups (P=0.4321). 

For the 23 infants with at least one AE among the 55 babies 
in the probiotics group, 37 AEs were reported vs 69 AEs 
for the 29 babies with at least one AE among the 59 babies 
in the placebo group. The number of AE per baby was 
significantly lower in the probiotics group (mean=0.67) 
compared to the placebo group (mean=1.17) (P=0.0055).

All AEs were declared as mild and unrelated to the product 
or research. In the probiotics group, the 37 AEs were 
classified in the following body systems: 21 respiratory, 12 
gastrointestinal and 4 dermatological. In the placebo group, 
the 69 AEs were classified in the following body systems: 
38 respiratory, 15 gastro-intestinal and 16 dermatological. 
None of the AEs were related to the study or study products. 
No serious AE or effect was reported during the study. 
Growth rate was normal in both groups, and there was 
no difference between groups for weight (P=0.8422), 
height (P=0.8788), body mass index (P=0.8527), or head 
circumference (P=0.8827).

Table 3. Statistics on the weekly average number of stools/day for participants in the intent-to-treat population.

Week Statistical 
parameter1

All the population (n=132) Placebo (n=66) Probiotics (n=66) Log10 ∆ probiotics-placebo 
[95%CI]

P-value

Week 0 N (Nmiss) 113 (19) 59 (7) 54 (12)
mean (SD) 1.05 (0.602) 1.07 (0.645) 1.02 (0.556) 0.02 [-0.14; 0.18] 0.9864

Week 1 N (Nmiss) 104 (28) 55 (11) 49 (17)
mean (SD) 1.15 (0.661) 1.13 (0.774) 1.17 (0.513) 0.05 [-0.07; 0.17] 0.6828

Week 2 N (Nmiss) 107 (25) 55 (11) 52 (14)
mean (SD) 1.17 (0.679) 1.16 (0.814) 1.18 (0.507) 0.07 [-0.07; 0.22] 0.5645

Week 3 N (Nmiss) 107 (25) 55 (11) 52 (14)
mean (SD) 1.17 (0.579) 1.14 (0.591) 1.20 (0.570) 0.05 [-0.06; 0.15] 0.6798

Week 4 N (Nmiss) 107 (25) 54 (12) 53 (13)
mean (SD) 1.05 (0.569) 0.95 (0.539) 1.14 (0.587) 0.10 [-0.01; 0.21] 0.0943

1 SD = standard deviation.

Table 4. Comparison of changes the abundance of specific taxonomic groups between visit 2 and visit 3 for the placebo and 
probiotic arms.

Species [Variations (V3-V2) ± SD]1 (cfu/g) P-value

Placebo (n=66) Probiotic (n=66)

Lactobacillus count 9.5×109±4.09×1040 8.68×109±4.94×1010 0.1465
Bifidobacterium count -1.69×1010±2.23×1011 1.11×1010±8.08×1010 0.5567
Enterococcus count 7.29×109±4.65×1010 -2.63×109±8.88×1010 0.2145
Clostridium perfringens count -3.93×105±2.09×106 -3.64×105±2.75×106 0.3466
Enterobacter count 1.76×1010±8.24×1010 -1.27×1010±6.98×1010 0.0766
Bacteroides count -4.44×108±1.08×1010 6.74×108±9.27×109 0.9184

1 SD = standard deviation.
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4. Discussion and conclusions

In this study, we show that probiotics administration can 
prevent the decrease of faecal SIgA levels that is normally 
observed in formula-fed infants (Bakker-Zierikzee et al., 
2006). While absolute SIgA levels are higher at any time 
point in breastfed infants vs those fed on formula, (Bakker-
Zierikzee et al., 2006) previous studies have shown that 
intestinal SIgA levels decrease over time in both breastfed 
and formula-fed infants (Bakker-Zierikzee et al., 2006). 
Under normal conditions, SIgA levels increase from birth 
until the first month of life, then start decreasing until 
they reach a stable level at around 6 months (Maruyama 
et al., 2009). Lower SIgA levels in the gastrointestinal 
tract of newborns were associated with a higher incidence 
of infectious diseases (Wold and Adlerberth, 2000). 
Consequently, faecal SIgA levels, which have been shown 
to be representative of SIgA concentrations in the colon, 
are used as a surrogate outcome measure for immune 
competence in infants (Scholtens et al., 2008). Indeed, 
faecal SIgA levels represent a good surrogate endpoint 
for immunity development because of the resistance of 
this protein to intraluminal proteolysis and its inability to 
directly activate complement or inflammatory responses 
(Scholtens et al., 2008). Hence, in our study, the higher 
faecal SIgA level found in the probiotics group at the end 
of treatment visit (V3) may indicate that the probiotic-
supplemented formula supported a higher SIgA production 
over time, thereby enhancing mucosal immunity and 
protection against pathogens compared to the placebo-
supplemented milk formula.

Several confounding factors that could possibly affect 
participants’ SIgA levels were considered. First, all the 
infants included in our study were vaccinated in accordance 
with the guidelines of the Chinese national vaccination 
program; consistently there was no difference related 
to vaccination between two groups. The frequency and 
seriousness of diseases, like vomiting, diarrhoea, fever and 
the defecation characteristics were recorded in the infant 
diaries and showed no difference between groups during 
the study. Therefore, it is justified to consider that the 

effects of variables such as vaccination, disease severity, 
and defecation characteristics on SIgA production were 
minimised in our study. As SIgA levels are substantially 
higher in breastfed infants than in formula-fed infants, 
(Bakker-Zierikzee et al., 2006) we excluded breastfed 
babies from this study; our goal was to assess the potential 
benefits of probiotic supplementation in formula-fed babies 
specifically. Furthermore, we did not expect probiotics 
alone to upregulate SIgA levels to a level comparable as 
that observed in breastfed babies, especially with a formula 
containing minimal levels of prebiotic oligosaccharides (see 
exclusion criteria). Indeed, recent studies have suggested 
that prebiotic-probiotic combinations (e.g. synbiotics) 
could efficiently promote immunity in formula-fed infants 
(Chen et al., 2007; Vandenplas et al., 2017). It is likely that 
specific combinations of prebiotics and probiotic strains 
will harbour different efficiencies in regard to that outcome, 
and the notion of ‘ideal pairing’ should be taken into 
consideration when designing future studies.

Our findings are consistent with previous studies about 
the role of probiotics (with or without prebiotics) in 
children from different age groups. A study showed that 
salivary IgA levels were elevated in the probiotic groups, 
and concluded that the tested probiotics were effective at 
inducing an intestinal immune response while improving 
and maintaining immunity (Chen et al., 2007). In our 
study, the levels of salivary IgA showed an increasing 
trend in the probiotic-supplemented infants, but without 
reaching significance in the current conditions tested (i.e. 
4-week treatment, minimal level of prebiotics). Another 
trial also showed that probiotics, in the presence of non-
digestible oligosaccharides, could decrease the occurrence 
of seasonal winter diseases and reduce the loss of school 
days in children (Cazzola et al., 2010a). Furthermore, two 
recent trials revealed that, individually, the probiotic strains 
composing the formulation studied herein were safe to 
consume in infants aged between 3 and 12 months, and 
could modulate gut microbiota composition and cytokine 
levels in this population following an 8 week treatment 
period (De Andres et al., 2018; Manzano et al., 2017). In 
addition, existing evidence suggest that B. infantis can 

Table 5. Anthropometric measurements descriptive statistics of the intent-to-treat population.

[∆V3-V2] Statistics1 All (n=132) Placebo (n=66) Probiotic (n=66)

N (Nmiss) 115 (17) 59 (7) 56 (10)
Height (cm) mean (SD) 1.6 (1.16) 1.5 (1.20) 1.8 (1.11)
Weight (g) c mean (SD) 318.5 (265.13) 302.9 (234.18) 335.0 (295.51)
Body mass index (kg/m2) mean (SD) -0.2 (0.77) -0.1 (0.77) -0.2 (0.78)
Head circumference (cm) mean (SD) 0.6 (0.63) 0.7 (0.72) 0.6 (0.52)

1 SD = standard deviation.
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secrete biologically active peptides affecting epithelial 
and immune cells, playing a role in maintaining intestinal 
epithelial cell barrier integrity through the regulation of 
tight junction proteins and the mitogen-activated protein 
kinase (MAPK) pathway (Ewaschuk et al., 2008). Moreover, 
the probiotic formulation used herein could modulate Th1 
or Th2 immune responses in Wistar rats (Cazzola et al., 
2010b) or human intestinal epithelial cells (MacPherson 
et al., 2014).

In our study, cytokine levels were not assessed. However, 
previous studies have suggested cytokines as possible 
mediators of the effects of the investigated probiotics 
on SIgA levels and immune responses. Treatment with 
heat-treated L. helveticus R0052 was shown to induce 
the proliferation of mouse splenocytes in vitro, and to 
increase total levels of non-antigen specific polyclonal 
antibodies (Easo et al., 2002). Furthermore, other probiotic 
strains, namely Lactobacillus GG and Bifidobacterium 
lactis Bb-12, could enhance IgA responses in cow-milk 
fed infants, although a mechanism for the action of these 
strains could not be formally identified (Rautava et al., 
2006). Over time, evidence supporting the ability of several 
probiotic strains, and particularly Lactobacillus species, 
at modulating immune responses in various contexts has 
accumulated. The general mechanisms are thought to 
involve the modulation of Toll-like receptors signalling 
and cytokine production. For instance, the same probiotic 
formulation as used in this study was shown to attenuate 
the polyI:C-induced activation of the nuclear factor 
kappa beta signalling cascade downstream of Toll-like 
receptor-3 in HT-29 cells (MacPherson et al., 2014, 2017). 
Interestingly, in this particular in vitro system, the three-
strain formulation was more efficient than each strain used 
individually, which is in accordance with the notion that 
multistrain probiotic products comprising complementary 
strains may be more efficient (MacPherson et al., 2017). 
More recently, Pediococcus acidilactici K15 was shown to 
enhance SIgA production in vitro using primary peripheral 
blood mononuclear cells, which occurred in an interleukin 
(IL)-6- or IL-10-dependent manner (Kawashima et al., 
2018). This group proposed that cytokines produced by 
dendritic cells could be contributing at enhancing SIgA 
at mucosal site in humans. A consensus appears to exist 
around the role of certain probiotic strains, but not others, 
at enhancing mucosal immunity. Studies investigating 
the potential molecular mechanisms involved have 
generated variable results that, arguably, may depend on 
the compartmentalisation of immune signalling along the 
intestinal tract in vivo, or on the cellular model system 
and experimental conditions used. Indeed, an array of 
cytokines were reported to regulate SIgA production in 
the intestines, including tumour growth factor (TGF)-β, 
IL-4, IL-5, IL-6, IL-10 and IL-21 (Mantis et al., 2011). 
Furthermore, TGF-β and IL-10 were also associated with 
maintenance of mucosal tolerance (Mantis et al., 2011). In 

light of the current knowledge base, the characterisation of 
specific molecular mechanisms and cell types involved in 
the maintenance of SIgA levels in the intestine of healthy, 
non-immune challenged, formula-fed infants warrants 
further study.

With respect to the microflora diversity in infants, a group 
of researchers have studied the impact of feeding patterns 
on the intestinal microflora in 3-6 months healthy Chinese 
infants. They found that the bifidobacteria count in the 
faeces of breastfed infants was more than five times the 
count found in formula-fed infants (6.63 vs 1.29%). The 
Lactobacillus count was also higher in breastfed infants 
compared with formula-fed infants (5.798 vs 4.12%), 
although to a lesser degree (Fan et al., 2013). This is 
indicative of the importance of Bifidobacterium presence in 
the intestines of infants with an immature immune system. 
However, since our microbiota composition analyses 
required the comparison of two groups receiving a type 
of supplemented formula (probiotics or placebo) containing 
minimal prebiotics amounts, as opposed to comparing 
more distinct groups (i.e. formula-fed vs breastfed infants), 
we were unable to detect differences in the changes of 
microbiota composition between groups after four weeks 
of treatment (Table 4).

To conclude, the present randomised, double-blinded study 
results show that probiotics may help maintain faecal SIgA 
levels in formula-fed infants, suggesting that it is possible 
to stimulate the development of the mucosal immune 
response in formula-fed infants with the appropriate 
probiotic supplement. In addition, it is clear from our 
results that the probiotic formulation used in this study is 
well tolerated and safe in 3-6 months old infants and could 
enhance mucosal immunity in healthy formula-fed infants. 
Although evidence is accumulating to support the role of 
probiotics in immune system function and development, 
the impact of microbiota establishment and the role of 
probiotics on the development of mucosal immunity in 
infants remains unclear and needs to be elucidated in order 
to develop milk formulas that will ultimately achieve the 
same level of health benefits as breastmilk.
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