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ABSTRACT

BACKGROUND: In the absence of breast-feeding and its immunomodulatory factors, supplementation of starter infant formula (IF) with probiotics is
currently used to support immune functions and gut development.

AIM: To assess whether immune-related beneficial effects of regular dose (107 CFU/g of powder) of the probiotic Bifidobacterium lactis CNCM I-3446
(hereafter named B. Jactis) in starter IF supplementation can be maintained with starter IF containing a low dose (10* CFU/g of powder) of B. /actis.
METHOD: This trial was designed as a pilot, prospective, double-blind, randomized, single-center clinical trial of two parallel groups (n = 77 infants/
group) of C-section delivered infants receiving a starter IF containing either low dose or regular dose of the probiotic B. /actis from birth to six months of age.
In addition, a reference group of infants breast-fed for a minimum of four months (7 = 44 infants), also born by C-section, were included. All groups were
then provided follow-up formula without B. Zactis up to 12 months of age. Occurrence of diarrhea, immune and gut maturation, responses to vaccinations,
and growth were assessed from birth to 12 months. The effect of low-dose B. /actis formula was compared to regular-dose B. Jactis formula, considered as
reference for IF with probiotics, and both were further compared to breast-feeding as a physiological reference.

RESULTS: Data showed that feeding low-dose B. /actis IF provides similar effects as feeding regular-dose B. /actis IF or breast milk. No consistent statisti-
cal differences regarding early life protection against gastrointestinal infections, immune and gut maturation, microbiota establishment, and growth were
observed between randomized formula-fed groups as well as with the breast-fed reference group.

CONCLUSION: This pilot study suggests that supplementing C-section born neonates with low-dose B. /actis-containing starter formula may impact

immune as well as gut maturation similarly to regular-dose B. /actis, close to the breast-feeding reference.
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Introduction

Neonates represent a particularly vulnerable population susceptible
to infections due to the immaturity of their immune system.!
At the time of birth, they move from an almost sterile environ-
ment within the maternal uterus into a world teeming with bac-
teria. Within the first days of life, mucosal surfaces of the host,
including the gastrointestinal tract as well as the respiratory tract,

2,3 com-

become colonized with different bacterial communities,
prising a large spectrum of commensal and potentially pathogenic
microorganisms. This complex environment contributes to the
maturation of the immune system, which is able to later on fight
against many potential life-threatening infections.*®
Inadditiontomicrobialcolonization,ithasbeendemonstrated

that other postnatal factors, such as breast-feeding, are extremely

important for the maturation of the immune system allowing its
full functionality.” Interestingly, even if compounds of breast
milk (BM) such as antibodies, cytokines, and growth factors can
directly acton the developing gut-associated lymphoid tissues,! the
impact of BM on immune maturation is also closely linked to its
effects on the establishing microbiota. BM shapes the microbiota
profile via a prebiotic effect of oligosaccharides or specific proteins
that are able to favor beneficial gut colonization by lactobacilli
and bifidobacteria.!®!! Indeed, recent findings have demon-
strated that BM naturally contains small amounts of living bac-
teria that are transmitted to the infants.!>13 It is hypothesized
that this postnatal natural bacterial inoculum is also a key for the
programming of the neonatal immune system to establish oral
tolerance and protection early in life."*

CLINICAL MEDICINE INSIGHTS: PEDIATRICS 2016:10 l 11


http://www.la-press.com/journal-clinical-medicine-insights-pediatrics-j78
http://www.la-press.com
http://dx.doi.org/10.4137/CMPed.S33096
mailto:sophie.pecquet@nestle.com
http://www.la-press.com
http://www.la-press.com/journal-clinical-medicine-insights-pediatrics-j78

Baglatzi et al

Z,

In the absence of breast-feeding, supplementation of
infant formula (IF) with probiotics is one of the strategies
commonly considered to improve early life immunity. Series
of publications have shown that administration of the probi-
otic Bifidobacterium lactis CNCM 1-3446 (hereafter named
B. lactis) at regular average doses of 10 CFU per day to new-
borns is able to promote early life immune development and
improve gastrointestinal health. Indeed, a three-week supple-
mentation with B. Jactis in breast-fed (BF) preterm infants,
mostly born by C-section, was shown to increase fecal IgA and
reduce calprotectin production.’® Moreover, the same interven-
tion also modulated microbiota composition with an increase of
bifidobacteria and a decrease of clostridia as well as enterobacte-
ria.!® In another study, feeding of C-section delivered full-term
infants with IF containing B. /actis enhanced responses to polio
and rotavirus vaccines over the six-week intervention period.'”
These effects of B. lactis feeding on immune and microbiota
markers reflect a reinforcement of defenses that may lead to a
beneficial impact on the outcomes of infection, such as lower-
ing the risk of developing diarrhea.!®1?

Considering the low amount of bacteria observed in
human milk as described earlier, the present trial aims at
exploring whether beneficial effects of B. Jactis IF supplemen-
tation can be maintained in infants fed with IF containing
a lowered dose of B. lactis, from regular dose 10” CFU/g of
powder to low dose 10* CFU/g of powder.

In order to provide optimal exploratory conditions to
address the objectives of the study, C-section delivered new-
borns have been selected. This target population was cho-
sen for two main reasons: (i) C-section born babies present
a defect in the development of immune defenses leading to
increased susceptibility to infections in the first months of
life?® and (ii) cesarean delivery induces an alteration in the
early life microbiota composition, including a diminished and
delayed bifidobacteria colonization in comparison to vaginally
delivered babies.?!?? Thus, these newborns are expected to be
more sensitive to nutritional intervention with different doses
of bifidobacteria probiotics.

Methods

Clinical trial design. This trial was designed as a pro-
spective, double-blind, randomized, single-center clinical trial
of two parallel groups (low dose and regular dose of B. Jactis).
In addition, there was an observational reference group of BF
infants followed from birth to 12 months. We considered the
B. lactis regular-dose group as a reference for IF with probi-
otics in this study as compared to the exploratory low-dose
IF group. Both groups were compared to the physiological
BF reference group. This study was conducted by the team of
Prof. C. Costalos in the Alexandra General Hospital, Athens,
Greece, between June 2009 and March 2011. The trial was
performed in accordance with the Declaration of Helsinki and
compiled with good clinical practices as laid out in the Inter-
national Conference on Harmonization guidelines. It was

approved by the institutional ethics committees (the Board of
Directors and the Scientific Council of the Alexandra General
Hospital). Parents/legal guardians and investigators signed
the informed consent.

All randomized infants received a starter IF (67 kcal/
100 mL of reconstituted formula, 1.8 g of protein/100 kcal,
developed at Nestlé Product Technology Center) which con-
tains sufficient amounts of proteins, carbohydrates, fats, vita-
mins, and minerals for their normal growth from birth to
six months. The study formulas contained either a low dose
(3.7 £ 2.1 10* CFU/g of powder) or a regular dose (3.1 £ 1.4
107 CFU/g of powder) of probiotic B. /actis, depending on the
allocated dose group, from birth to six months (Fig. 1, upper
part). The two formulas were indistinguishable and were sup-
plied in similar cans that were coded with letters and colors
by the study sponsor (Nestlé). The B. lactis CFU counts were
monitored in both products throughout the study. The IFs
were provided to the parents during each study visit. Par-
ents, investigators, support staff, and clinical project manager
were blinded to the identity of the formulas. Then, from 6 to
12 months of age, these infants were given a follow-up for-
mula without B. Jactis (67 kcal/100 mL of reconstituted for-
mula, 2.0 g of protein/100 kcal, developed at Nestlé Product
Technology Center).

For the BF reference group, breast-feeding was recom-
mended for a2 minimum of four months. Those infants who
stopped breast-feeding before four months received a starter
formula without B. Jactis. At weaning, the same follow-up for-
mula without probiotics, as for randomized groups, was given
up to 12 months.

Study population. The protocol was planned to recruit
a total of 160 infants (80 per formulation group). Healthy
full-term C-section delivered newborns, infants who had
a birth weight between 2500 and 4500 g, infants whose
mothers had anticipated not to breast-feed or decided to
stop breast-feeding within 24 hours after delivery, and those
infants with written informed consent obtained from his/
her legal representative were enrolled within a maximum of
96 hours after birth.

Infants whose mothers intended to breast-feed from birth
to at least four months were enrolled in a nonrandomized ref-
erence group.

Enrolled infants were vaccinated for diphtheria, Bor-
detella pertussis, polio, tetanus, and Heamophilus influenzae
type B (HiB) (Pentavac, Sanofi Pasteur MSD, France) fol-
lowing the guidelines set by the Greek National Council for
vaccinations of the Ministry of Health.

Infants were not enrolled in the study if they received a
Rotarix® vaccine, were still BF beyond 24 hours (except for
BF group), were expected to have problems with compliance,
and were already participating in, or were from a mother cur-
rently participating or had participated in another clinical trial
during the preceding three months prior to the inclusion in
this study.
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Figure 1. Consort diagram for the two randomized and BF reference groups.

Note: *denotes analysis performed on this population.

Measured outcomes. The primary outcome measure was
prevalence of diarrhea, incidence of diarrhea, and total num-
ber of days with diarrhea over the study period (12 months).
Diarrhea was defined as one day (24-hour period) with at least
two to three watery stools. An episode of diarrhea was defined
as at least one day of diarrhea followed by at least 48 hours
without diarrhea.

Secondary outcomes were grouped as follows:

Immune maturation: fecal Immunoglobulin A (IgA) at
one week, one month, and four months after birth.

Gut maturation: fecal calprotectin and 1-antitrypsin at
one week, one month, and four months after birth, adjusted
for the baseline value.

Microbiota: total counts of Bifidobacteria and the pres-
ence of B. Jactis in feces at four months after birth.

Immune responses to vaccines: Antibody responses at 7
and 12 months after birth to diphtheria, B. pertussis, polio,
tetanus, and HiB. In addition, for HiB, the percentage of
protective response, which was estimated as the proportion of
subjects who reached the protective level, ie, HiB >1 pg/mL,*
was also calculated.

Anthropometry: change in weight, length, BMI, and head
circumference, during the first 4 months (1 week—4 months)
and during the first year (1 week—12 months). Based on these
data, z-scores were calculated for each subject and visit based
on the EuroGrowth database.?4-2

Serious and nonserious adverse events (System Organ
Class), as well as concomitant medication, were collected
through the 12-month follow-up period. Adverse events were
defined as any untoward occurrence in a patient or clinical
investigation subject administered an investigational prod-
uct and which does not necessarily have to have a causal

relationship with this treatment. Adverse events are illnesses,
signs or symptoms occurring or worsening, and/or abnormal
laboratory findings during the course of the study. Adverse
events include occasions when the subjects contact the inves-
tigator or their private physician and are examined or given
medical direction. They may or may not lead to the withdrawal
of the subject from the study.

Laboratory methods. According to manufacturer’s
instructions, dosages of fecal IgA (Quantitative Human IgA
ELISA; ZeptoMetrix Corporation, ref. 0801197), fecal cal-
protectin (Calprotectin ELISA; Bithlmann Laboratories AG,
ref. EK-CAL), fecal ol-antitrypsin (ol-Antitrypsin ELISA
Kit; Immundiagnostik AG, ref. K6750), plasma IgG titers anti-
diphtheria (diphtheria IgG ELISA; IBL International, ref.
RES56191), anti-B. pertussis (B. pertussis IgG ELISA; IBL Inter-
national, ref. RE56141), anti-polio (Poliomyelitis IgG ELISA
Kit; HYCOR, ref. POL-01), anti-tetanus (tetanus IgG ELISA;
IBL International, ref. RE56901), and anti-HiB (VaccZyme™
Human Anti-Haemophilus influenzae type b Enzyme Immu-
noassay Kit; The Binding Site Group Ltd., ref. MKO016) were
performed at the Harokopio University of Athens.

Total counts of bifidobacteria and the presence of B. lactis
in feces were obtained from aliquots of ~1 g of stool trans-
ferred into a cryotube of 5 mL and frozen ideally at —80 °C
after addition of 10% glycerol. Measurements were performed
following the AAT internal protocol for B. lactis detec-
tion (Advanced Analytical Technologies Srl) that consisted
in plating of the samples on Bifidobacterium spp. selective
medium, counting CFU before scraping of plates surface
and recovery of grown colonies, cells disruption of the plates
triplicate by means of Maxwell protocol AAT procedure.
This later allowed assessment of the presence of the probiotic
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B. lactis by strain-specific polymerase chain reaction (detection
limit 10° CFU/g feces). Specific primers used were (Sequence

~3"): sense GAGCTGATCGACGACCTGAC and anti-
sense CCGAGAAAATCTGGGATGAG.

Statistics. Sample size. A total number of 160 infants
(80 per randomized group) were planned to be recruited into
the study. In addition, 30 infants were to be recruited in the
BF reference group. The sample size was not determined by
a formal power calculation given the exploratory nature of
the study.

Randomization. Randomization was done by using an
electronic program (TrialSys, developed by Nestlé) ensur-
ing dynamic randomization via Internet with minimiza-
tion technique.

Statistical methods. Primary outcome was analyzed in
both the intention-to-treat (I'TT) and per protocol popula-
tions, and secondary outcomes were analyzed in the ITT
population. The ITT population consisted of all infants who
were randomized and received any formula intake. The sta-
tistical significance level was set at 0.05, and no adjustment
was applied due to the exploratory nature of the study. The
effects of low dose versus regular dose of probiotic on diar-
rhea incidence, episode, and duration were analyzed using
generalized linear Binomial model, Poisson model, and
ANOVA, respectively. Outcomes of fecal IgA, gut matu-
ration, vaccinations, and anthropometry parameters were
compared between the two probiotic doses utilizing mixed
models. Microbiota and morbidity data were analyzed using

Fisher’s exact test. Only descriptive statistics (mean £ SD or
25th—75th percentile) were used to compare data from ran-
domized groups versus those from physiological BF reference
group (no Pvalues were calculated, comparison was made on
numerical trends).

Results

Disposition of subjects. In total, 208 infants were
recruited in the study. One hundred sixty-four infants were
randomly allocated to either the low-dose (7 = 84 infants) or
regular-dose (z = 80 infants) B. Jactis starter formula groups.
In both groups, 77 infants actually started consumption of
study product (Fig. 1). All 44 infants recruited in the reference
BF group started the study (Fig. 1).

Demographics and baseline data. Gender was equally
distributed between the two randomized groups with just over
50% of males in each group (Table 1). In the BF group, 64%
were males. At enrollment in the study (ie, randomization), the
mean age was two days for the randomized groups with a range
from zero to four days. The mean age at enrollment for the BF
group was three days with a range from one to four days. All
infants were in good health at birth with a median APGAR
score =9, at 1, 5, and 10 minutes after birth. The median body
weight at enrollment was the same for infants randomized in
the low-dose and the regular-dose (2.9 kg) groups. The mean
birth weight for the BF group (3.0 kg) was similar to the ran-
domized group infants. The majority of randomized infants

were not BF at all (87% and 74% for low- and regular-dose

Table 1. Demographic data of the study population.

RANDOMIZED INFANT FORMULA GROUPS

LOW DOSE B. lactis

REFERENCE GROUP

REGULAR DOSE B. lactis BREAST MILK

Gender [n (%)]

Male 39 (50.6) 39 (50.6) 28 (63.6)
Female 38 (49.4) 38 (49.4) 16 (36.4)
Age at enrolment (Visit 0) [days, median (n; 25th—75th percentile)]

2 (77;2-3) 2(77;2-3) 3 (44; 2-3)

Body weight [kg, median (n; 25th—75th percentile)]

2.9 (77; 2.7-3.3)

2.9 (77;2.7-3.2) 3.0 (44; 2.8-3.3)

Body length [cm, median (n; 25th—75th percentile)]

50.0 (77; 49.0-51.0)

50.0 (77; 48.0-51.0) 51.0 (44; 49.4-52.0)

Head circumference [cm, median (n; 25th—75th percentile)]

34.0 (77; 33.2-34.5)

34.0 (77; 33.5-35.0) 35.0 (44; 34.0-35.5)

Body mass index [kg/m?, median (n; 25th—75th pecentile)]

11.8 (77; 11.3-12.8)

1.7 (77; 11.1-12.5) 11.8 (44; 11.3-12.5)

Number of children living in the same household [number, median (n; 25th—75th pecentile)]

1(74; 0-1) 1(75; 0-1) 1(44; 1-1)
Breastfeeding since birth and up to visit VO [number (%; duration in days)]
No 67 (87.0; 0) 57 (74.0; 0) 2 (4.5;0)
Yes 10 (13.0; 1) 20 (26.0; 1) 42 (95.5; 2)
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Table 2. Diarrhea incidence, total counts, and duration at one year (ITT population).

DIARRHEA RANDOMIZED INFANT FORMULA REFERENCE P-VALUES
GROUPS GROUP
LOW DOSE REGULAR DOSE BREAST MILK LOW VS.
B. lactis (N =77) B. lactis (N =77) (N =44) REGULAR DOSE
Prevalence during study period (12 months) [%)] 20.78 23.38 18.18 0.6977
Incidence [total counts/infant/12 months, mean + SD] 0.26 £ 0.57 0.25+0.46 0.30+0.70 0.8279
Number of days of diarrhea/infant [days, mean + SD] 0.72+1.84 117 £2.72 1.09+3.08 0.5811

groups, respectively). Infants from the BF reference group were
exclusively BF for an average of 5.3 £ 4.1 (SD) months.
Primary outcome: diarrhea prevention. During the
12-month follow-up of infants, no statistically significant dif-
terence could be observed between the low and regular probi-
otic dose groups with respect to prevalence of diarrhea (20.8%
vs. 23.4%, respectively, P = 0.70). Incidence (0.26 £ 0.57 epi-
sodes vs. 0.25 + 0.46 episodes) or mean number of days with
diarrhea per infant (0.72 £ 1.84 days vs. 1.17 £ 2.72 days) were
also similar in both groups (P=0.83 and P=0.58, respectively;
Table 2). No major difference could be seen as well between
the randomized groups and the BF reference group regarding
diarrhea status (prevalence: 18.2%; incidence: 0.30 £ 0.70 epi-
sodes; mean number of days with diarrhea: 1.09 + 3.08 days).
Secondary outcomes. Immune and gut maturation.
There were no statistically significant differences between
the low-dose group and the regular-dose group with respect
to fecal IgA, calprotectin, and ol-antitrypsin levels for any
of the defined time points (one week, one month and four

months after birth; Table 3). As expected, fecal IgA level

was numerically higher in the BF reference group compared
to IF groups. However, there was no difference between the
randomized groups and the BF reference group for the two
other markers.

Microbiota — total bifidobacteria counts and B. lactis detec-
tion in feces. There was no statistically significant difference
between the low- and regular-dose groups with respect to
the total bifidobacteria counts in feces (median log CFU/g
[with 25th/75th percentile] of 6.6 [5.8/7.5] and 6.7 [5.6/7.6],
respectively, P=0.78). There was also no substantial difference
between the randomized groups and the BF group having a
total bifidobacteria count of 7.1 (6.2/7.9).

Approximately 85% of infants randomized to the regular-
dose group were colonized with B. lactis, ie, with positive detec-
tion of B. /actis in their feces, while only 47% of them were
positive in the low-dose group. This difference was statistically
significant (P < 0.0001). Noteworthy, a background of 16% of
positive detection was observed in the BF reference group.

Immune responses to wvaccinations. There were no sta-
tistically significant differences between the low-dose and

Table 3. Immune and gut maturation up to four months (ITT population).

OUTCOME RANDOMIZED INFANT FORMULA GROUPS REFERENCE GROUP P-VALUES
LOW DOSE B. lactis REGULAR DOSE B. lactis BREAST MILK LOW vs.
REGULAR DOSE

Immune maturation
Fecal IgA [ug/ml, median (n; 25th—75th percentile)]

1 week after birth 15.65 (76; 7.19-106.37) 16.21 (77; 7.30-58.34) 103.45 (43; 50.24-1390.21) 0.9013

1 month after birth 75.38 (74; 36.81-631.74) 49.25 (75; 32.63-265.99) 117.56 (40; 57.60-532.86) 0.1342

4 montsh after birth 61.15 (67; 35.17—478.78) 57.93 (71; 36.68—-108.72) 105.01 (38; 46.17-385.36) 0.4294
Gut maturation (change fram baseline, Visit 0)
Fecal calprotectin [ug/mL, median (n; 25th—75th percentile)]

1 week after birth 51.22 (75; —32.69-95.61) 33.53 (77; -66.69-79.00) 36.87 (43; -42.54-89.11) 0.2345

1 month after birth 63.54 (74; -31.11-129.57) 59.69 (75; -80.00-121.00) 63.27 (40; —72.09-121.00) 0.5223

4 montsh after birth 38.83 (67; -51.98-107.54) 33.30 (71; —86.47-116.33) 11.81 (38; —112.24-120.11) 0.4356
Fecal a1-antitrypsin [mg/dL, median (n; 25th/75th percentile)]

1 week after birth 2.98 (75; —1.67-4.98) 3.17 (77, 2.01-6.00) 2.32 (43; 0.66-7.00) 0.2197

1 month after birth 6.94 (73; 4.29-10.48) 6.35 (75; 3.34-12.42) 5.44 (40; 3.47-8.94) 0.8962

4 montsh after birth 9.89 (66; 4.59-14.59) 10.98 (71; 6.34-15.42) 8.77 (39; 4.12-15.51) 0.1911
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regular-dose groups, as well as between the two randomized
and BF groups, with respect to the response to diphtheria
and B. pertussis at any of the specified time points (7 and
12 months after birth; Table 4).

Immune response to the tetanus vaccine was signifi-
cantly higher in the regular-dose group compared to the low-
dose group only at 12 months after birth, while no difference
could be observed between the randomized groups and the
BF group (Table 4).

Regarding response to polio vaccination, no statistically
significant difference could be observed between the low- and
regular-dose groups at any of the specified time points (Table 4).
Absolute titer values of Ig response to polio vaccine in both IF
groups appeared substantially higher than in BF infants.

Finally, immune response to the HiB vaccine appeared
to be higher in the low-dose group than in the regular-dose
group at 12 months after birth (Table 4). When compared to
BF infants, immune response to HiB was found to be notice-
ably higher in the regular-dose group at 7 months after birth,
but this difference was not seen at 12 months. In the low-dose
group, this difference was higher only when the infants were
12 months old, as it was the case for response to polio vaccine.
Besides, 79.6% and 81% of the infants in low-dose and regu-
lar-dose probiotic, respectively, reached the protective level of
HiB antibodies (ie, anti-HiB >1 pug/m1.?%) at any time during
the 12-month follow-up (P > 0.05; Table 4). Noteworthy, this
protective level of antibodies against HiB was only reached by
59.1% of the BF infants.

Anthropometrics. No consistent significant difference in
growth parameters could be observed between the low- and
regular-dose groups (Fig. 2). Compared with EuroGrowth data-
base standards, infants in all groups grew normally throughout
the study. Mean values for all growth measures through age
four months were within 0.5 SD of the median value.?’

Serious adverse events. Serious adverse events reported
throughout the study were <5% in all groups (3.9%, 1.3%, and
2.3% for low-dose, regular-dose, and BF groups, respectively).
No statistically significant difference was observed between
the low-dose and regular-dose groups, as well as between the
two randomized and BF groups.

Discussion

We hypothesized that the beneficial effects on neonatal
immune maturation might be achieved with a low dose of the
probiotic B. Jactis.

At this preliminary exploratory stage, we emphasized the
comparison of low dose with regular dose, considered as refer-
ence for IF with probiotics, for which several earlier studies
already support a functional effect on diarrhea and immune
functions.!>1771%28.29 Both formula groups were further com-
pared to a BF physiological reference. In that regard, a group
that was fed a formula without B. /actis was not considered
in the study design. We recognize that this could repre-
sent a weakness in our study. However, we still believe that
this approach will be useful to pave the way toward further
research in this area.

Table 4. Immune responses to vaccination at 7 and 12 months (ITT population).

RANDOMIZED INFANT FORMULA GROUPS REFERENCE GROUP P-VALUES
LOW DOSE B. lactis REGULAR DOSE B. lactis BREAST MILK LOW vs.
REGULAR DOSE

Response to Diphteria [IlU/mL, median (n; 25th—75th percentile)]

7 months after birth 1.98 (48; 1.15-2.35) 1.92 (55; 1.21-2.30) 1.80 (20; 1.41-2.32) 0.9895

12 months after birth 1.72 (41; 1.16-2.20) 1.66 (47; 1.04-2.34) 1.69 (18; 1.43-2.28) 0.5359
Response to Bordetella pertussis [lU/mL, median (n; 25th—75th percentile)]

7 months after birth 21.16 (47; 6.39-89.40) 44.34 (56; 13.92-132.75) 12.24 (19; 8.67-84.15) 0.1013

12 months after birth 25.75 (42; 7.52-72.43 34.69 (48; 13.07-143.82) 22.40 (18; 10.10-185.53) 0.1847
Response to Tetanus [IlU/mL, median (n; 25th—75th percentile)]

7 months after birth 2.62 (48; 1.48-4.30) 3.13 (56; 2.42-3.84) 3.05 (20; 1.45-3.90) 0.3169

12 months after birth 2.20 (42; 1.04-2.78) 2.58 (48; 1.61-3.52) 1.84 (17; 1.15-3.51) 0.0411
Response to Polio [U/mL, media (n; 25th—75th percentile)]

7 months after birth 11.63 (48; 1.04-72.40) 25.40 (56; 3.88-72.65) 2.62 (20; 0.46-11.98) 0.2719

12 months after birth 12.71 (42; 4.34—-47.84) 10.11 (47; 2.91-45.41) 4.22 (18; 1.01-13.46) 0.4088
Response to Heamophilus influenza B [ug/mL, median (n; 25th—75th percentile)]

7 months after birth 2.23 (47; 0.22-4.48) 2.20 (56; 0.70—4.49) 0.73 (20; 0.37-2.12) 0.2849

12 months after birth 4.25 (42; 1.50-5.51) 1.58 (48; 0.35-4.64) 0.70 (18; 0.21-5.10) 0.0186
Infants who reached anti-HiB protective antibody over the 12 months

Titers (>1 png/mL) [% (n)] 79.6 (49) 81 (58) 59.1 (22) 0.8515

Note: Significant statistical differences (P < 0.05) are highlighted in bold.
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Figure 2. Weight-for-age (A), Length-for-age (B), BMI-for-age (C) and head circumference-for-age (D) z-scores (EuroGrowth database).

The number of diarrhea episodes, as well as total num-
ber of days with diarrhea, per infant per year, were compa-
rable in the three arms of the present study. The observed low
incidence of ~0.25-0.3 reflects a discrepancy between data
from observational studies (~2.8 in Western Europe)*® and
the ones from interventional studies (0.2-0.5).1 Moreover,
the fact that the present study population was not attend-
ing day care centers may also account for the low incidence
of diarrhea. Nevertheless, bringing together the recognized
evidence that breast-feeding protects against diarrhea’! and
the previously documented beneficial effect of regular dose
of B. lactis in reducing incidence/duration of diarrhea in

infants,18’19’28'29

it may be postulated that low dose of B. /ac-
tis in starter IF may also provide benefit in such a popula-
tion of neonates. Note that full assessment of noninferiority
between both formulas would have required a sample size of
5421 infants per group as retrospectively calculated from the
results of this pilot study with a statistical power of 80% and
a noninferiority margin of 10%.

Regarding immune maturation, no difference could be
observed in intestinal IgA production, measured as fecal IgA,
between both randomized groups at any of the defined time
points. As the effect of a regular dose of B. Jactis in increas-
ing fecal IgA production has been previously reported,’® one
can hypothesize that low-dose B. Jactis might be as efficient as
regular dose in promoting neonatal gut immune maturation.
The relatively poor gut microbial environment in C-section
born babies may have offered a favorable niche for low amount
of bacteria to exert their function.

Moreover, plausibility of the effect of low-dose B. /actis
could be supported by the fact that, in reality, the small
intestine microbiota is far less dense (10°-10”7 CFU/g of
intestinal content) and diverse when compared to the colon

(10102 CFU/g of intestinal content).?> As most of the
gut-associated immune system is located in the small intes-
tine, such scarce bacterial population is still sufficient to inter-
act with the mucosa and trigger immune functions.*
Moreover, recent advances in human milk analysis and
understanding of its property show that it contains living
microorganisms, including bifidobacteria, in small amounts

(10-10* CFU/mL).1213 These bacteria and/or bacterial sig-
natures likely contribute to postnatal immune education.3*
These indications jointly support a rational for using a low
amount of physiologically relevant bacterial inoculum with
probiotics during the first weeks of life.

The absence of statistically significant difference between
the three groups with respect to the total bifidobacteria counts
further favors our initial hypothesis of a positive effect of
low dose of B. /actis. Indeed, this observation can be brought
together with the recognized bifidogenic effect of BM3> and
the reported capacity of regular dose of B. Jactis in IF to restore
BM-like levels of bifidobacteria in the gut of infants.¢ Inter-
estingly, it was recently reported that relative abundance of
commensal bifidobacteria and lactobacilli correlated with
reduced risk of diarrhea, further suggesting that low dose of
B. lactis may beneficially impact this latter outcome.’” Note-
worthy, this similar effect can be observed despite a lower rate
of infants positive for fecal B. /actis in the low-dose group com-
pared with the rate of the regular-dose group, which was here
comparable to previous studies with regular dose. This lower
rate reflects the difference in B. Jactis feeding load between
both groups that may lead B. /actis fecal levels below the detec-
tion limit.

Protection against infections early in life may be related
to multifactorial parameters, such as quality of the microbiota,
as already mentioned, and/or normal immune maturation.
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Response to vaccination is also currently accepted by expert
panels (ILSI,*® EFSA%) as a valuable marker reflecting the
evolution of the immune system responsiveness to foreign
antigens. Demonstration of the efficacy of regular dose of B.
lactis supplementing IF on vaccine responses in a C-section
population has been recently reported in a placebo-con-
trolled study.’” Fecal anti-rotavirus-specific and anti-polio-
virus-specific IgA levels postvaccination were both definitely
increased in the B. /actis-supplemented group in comparison
to IF without B. /actis. In the present study, no consistent
differences could be observed between the three groups
regarding antibody responses to the five different vaccines.
Interestingly, when scarce statistical significant differences
could be observed between the randomized groups and BF
reference group, they were always in favor of a better vaccine
response in the formula groups. In the particular case of HiB
vaccine, this later observation can lead to clinical relevance
as a protective antibody level threshold has been defined by
the WHO (>1 pg/mL).?3 Indeed, the percentage of infants
who reached anti- HiB protective antibody titers was sub-
stantially higher in infants fed with either IF containing
regular or low doses B. Jactis in comparison to those in the
BF physiological reference groups (81.0% or 79.6% versus
51.9% respectively).

Finally, besides the already discussed defense-related out-
comes of the host, we also investigated parameters addressing
more physiological read-outs, such as gut maturation (fecal
calprotectin and ol-antitrypsin) and growth (anthropomet-
ric z-scores). Both B. /actis-supplemented IF and BF reference
groups behaved similarly. No safety concern is to be men-
tioned here.

In conclusion, the present study suggests that effects
observed with regular-dose B. /Jactis-containing starter for-
mula on diarrhea outcomes and immune responsiveness could
be reached by feeding C-section born infants early in life with
IF containing a lower dose of B. /actis.
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