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Abstract

Background: The gut microbiota and the brain are connected through different mechanisms. Bacterial colonisation of
the gut plays a substantial role in normal brain development, providing opportunities for nutritional neuroprotective
interventions that target the gut microbiome. Preterm infants are at risk for brain injury, especially white matter injury,
mediated by inflammation and infection. Probiotics, prebiotics and L-glutamine are nutritional components that have
individually already demonstrated beneficial effects in preterm infants, mostly by reducing infections or modulating the
inflammatory response. The NutriBrain study aims to evaluate the benefits of a combination of probiotics, prebiotics
and L-glutamine on white matter microstructure integrity (i.e, development of white matter tracts) at term equivalent
age in very and extremely preterm born infants.

Methods: This study is a double-blind, randomised, controlled, parallel-group, single-center study. Eighty-eight infants
born between 24 + 0 and < 30 + 0 weeks gestational age and less than 72 h old will be randomised after parental
informed consent to receive either active study product or placebo. Active study product consists of a combination of
Bifidobacterium breve M-16V, short-chain galacto-oligosaccharides, long-chain fructo-oligosaccharides and L-glutamine
and will be given enterally in addition to regular infant feeding from 48 to 72 h after birth until 36 weeks postmenstrual
age. The primary study outcome of white matter microstructure integrity will be measured as fractional anisotropy,
assessed using magnetic resonance diffusion tensor imaging at term equivalent age and analysed using Tract-Based
Spatial Statistics. Secondary outcomes are white matter injury, brain tissue volumes and cortical morphology, serious
neonatal infections, serum inflammatory markers and neurodevelopmental outcome.
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improve brain development in the care for preterm infants.

Discussion: This study will be the first to evaluate the effect of a combination of probiotics, prebiotics and L-glutamine
on brain development in preterm infants. [t may give new insights in the development and function of the gut
microbiota and immune system in relation to brain development and provide a new, safe treatment possibility to

Trial registration: ISRCTN, ISRCTN96620855. Date assigned:

Keywords: Probiotics, Prebiotics, Glutamine, Preterm infants, Brain development, Randomised controlled trial

10/10/2017.

Background

In recent years a growing body of evidence has developed
supporting the existence of a microbiome-gut-brain-axis [1-
3]. The gut microbiota connect to the brain through different
mechanisms that are not yet fully elucidated but likely consist
of neural, immunological and endocrine pathways [4, 5]. Re-
search has shown that bacterial colonisation of the gut is im-
portant for normal brain function making the gut
microbiome a possible target for nutritional neuroprotective
interventions. Studies in germ-free animals and animals ex-
posed to bacterial infections suggest that the gut microbiota
play a role in anxiety and behaviour [6, 7]. Interestingly, stud-
ies in mice have demonstrated beneficial effects of probiotics
on brain function, mood and behaviour [6, 8], whilst studies
in germ-free mice have established that altered behavioural
responses could be normalised if normal gut microbiota was
reconstituted early in life. Normalisation in adulthood failed
to exert such an effect [9, 10]. These findings suggest a ‘win-
dow of opportunity’ early in life for the gut microbiota to in-
fluence brain development and behaviour that could be used
in the care for preterm infants. Preterm infants are at risk for
brain injury, especially white matter injury, because of their
extra-uterine life during a period of significant brain develop-
ment [11]. White matter injury, and also other brain injury,
can cause disrupted development of the white matter and
subsequent deteriorated white matter integrity. The impact
of nutrition on brain growth and cognition in preterm in-
fants is increasingly acknowledged, [12—-17] although rando-
mised controlled trials of many single nutritional
components have demonstrated no clear positive effect of in-
dividual components on brain development of preterm in-
fants so far [18]. For the current study, the active
intervention will consist of three nutritional components
combined: probiotics, prebiotics and glutamine. These three
components have already demonstrated positive effects in
preterm infants individually.

Probiotics

Probiotics are living micro-organisms that in adequate
amounts provide health benefits for the host, [19] using
different mechanisms including alteration of the gut
microbiota, increase in the gut epithelial barrier function
and modulation of the immune system [20]. A number
of clinical trials showed significant reduction in the

incidence of severe necrotising enterocolitis (NEC), all-
cause mortality and sepsis in preterm infants who re-
ceived probiotics compared to controls [21-23]. Reduc-
tion of the risk of NEC and all-cause mortality, but not
sepsis, in infants supplemented with probiotics com-
pared to placebo was confirmed in a Cochrane review
evaluating 24 studies and over 5000 infants [24]. A sec-
ond systematic review and meta-analysis including 25
studies and over 6000 infants did find a reduction of the
risk of sepsis in preterm infants who received probiotics
compared to placebo, although many included studies
were of low methodological quality [25]. For our study
the probiotic strain Bifidobacterium breve (B. breve) M-
16V was selected. A large body of evidence from both
animal studies and clinical trials in infants shows that
administration of B. breve M-16V is associated with
beneficial health effects including modulation of the gut
microbiota, [26, 27] reduced levels of pathogenic bac-
teria, [27] reduced inflammatory reactions, [28, 29] and
prevention of infection and NEC, [29, 30] summarised in
a recent review [31].

Prebiotics

Prebiotics are non-digestible food components that can
modify gut microbiota by being selectively fermented by
beneficial intestinal bacteria, such as Bifidobacteria [32,
33]. The combination of probiotics and prebiotics can
therefore work synergistically [34]. For this study short-
chain (sc) galacto-oligosaccharides (GOS) and long-
chain (lc) fructo-oligosaccharides (FOS), two of the most
widely studied prebiotics, will be used. Oligosaccharides
represent an important component of human milk and,
interestingly, especially of preterm human milk [35].
They have multiple beneficial qualities including an abil-
ity to alter the gut microbiota and immunomodulatory
functions [32]. Because of their presumed health benefits
prebiotic oligosaccharides are supplemented to preterm
formula as part of routine care. Several studies evaluated
the effect of adding oligosaccharides to preterm infant
formula on growth, intestinal microbiota, gastrointes-
tinal transport time, stool frequency and stool
consistency [36—39]. Prebiotic supplementation resulted
in increased Bifidobacteria counts [36] and fewer intes-
tinal pathogens, [37] accelerated gastrointestinal
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transport, [38, 39] increased stool frequency, [36] and re-
duced stool viscosity [38] in infants compared to con-
trols. Furthermore, a meta-analysis showed a positive
effect of prebiotic supplementation in preterm infants
on the incidence of sepsis, mortality, length of hospital
stay and time to reach full enteral feeding, but not on
the incidence of NEC [40]. Supplementation with prebi-
otics may also modify the systemic inflammatory re-
sponse by improving the balance between pro- and anti-
inflammatory cytokines, with one study reporting lower
cytokine levels in infants fed prebiotic oligosaccharides
as a supplement to human milk or preterm formula
compared to the control group, shortly after the start of
the intervention [41].

L-glutamine

L-glutamine is considered an important fuel for rapidly
dividing cells such as enterocytes and lymphocytes and
plays a substantial role in maintaining functional integrity
of the gut [42, 43]. Previous studies in preterm infants
have shown a positive effect of supplementation with L-
glutamine on gastrointestinal dysfunction, [44] severe
neurologic sequelae, [44] serious neonatal infections, [45,
46] head circumference [47] and brain volumes [48]. The
effect of parenteral and enteral supplementation with glu-
tamine on mortality and morbidity in preterm infants was
evaluated in a Cochrane review. Although no overall dif-
ference in mortality or morbidity was found, a subgroup
meta-analysis including studies with enteral supplementa-
tion only (6 studies, 1095 infants) showed a lower inci-
dence of invasive infection in the glutamine supplemented
group compared to controls (RR 0.76, 95% CI 0.64—0.89,
I> = 56%) [49]. Although this result is based on subgroup
analysis and should therefore be interpreted with caution,
it emphasises the possible effect of L-glutamine on pre-
venting inflammation and its subsequent potential as a
neuroprotective agent.

To date there is no literature on the combined effects of
B. breve M-16V, scGOS/IcFOS and L-glutamine in pre-
term infants nor their impact on neonatal brain develop-
ment. However a recent preclinical trial with preterm
born piglets (n = 40) showed those supplemented with B.
breve M-16V, scGOS/IcFOS and L-glutamine demon-
strated increased cognitive performance as assessed in
the T-maze compared to control piglets [50]. Addition-
ally, on ex vivo diffusion imaging piglets in the interven-
tion group showed increased maturation of the white
matter fibre bundles and advanced grey matter micro-
structural maturational processes compared to control
piglets [50]. We hypothesize that this combination of
probiotics, prebiotics and L-glutamine may act synergis-
tically and will therefore combine these components in
this study. We hypothesize that scGOS/IcFOS will pro-
mote survival of B. breve M-16V and improve its effect
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on immunomodulation and intestinal integrity in
addition to its expected intrinsic benefits. L-glutamine
may further enhance these favourable effects. This com-
bination may decrease serious neonatal infections and
subsequently reduce white matter injury. This study
aims to evaluate the benefits of B. breve M-16V, scGOS/
IcFOS and L-glutamine on white matter microstructure
integrity (ie., development of white matter tracts) at
term equivalent age in very and extremely preterm born
infants.

Methods
Study design and study setting
The NutriBrain study is a double-blind, randomised,
controlled, parallel-group, single-center study. The aim
of this study is to investigate the effect of the test prod-
uct versus control given to preterm infants born at 24 +
0 to <30 + 0 weeks gestational age (GA) on white matter
microstructure integrity measured as fractional anisot-
ropy (FA) assessed using magnetic resonance diffusion
tensor imaging (DTI) at term equivalent age (TEA) and
analysed using Tract-Based Spatial Statistics (TBSS).
This study will be conducted at the University Medical
Center (UMC) Utrecht and seven regional hospitals in
The Netherlands (details can be found in the ISRCTN
registry). Due to the GA of included infants (extremely
and very preterm infants) the inclusion, randomisation
and study start will take place at the level III neonatal in-
tensive care unit of the UMC Utrecht, a large tertiary
care hospital in The Netherlands. If the condition of the
infant has improved to the extent that intensive care is
no longer necessary, they can be transferred to a level II
or level I neonatal unit at a participating regional hos-
pital and will continue to be followed up (under supervi-
sion of the principal investigator). Each hospital to
which an infant is transferred will be asked to provide
information relating to the study parameters during the
infant’s stay.

Study population

Infants with a GA of 24 +0 to <30+ 0weeks that are
less than 72 h old are eligible for inclusion. A complete
overview of inclusion and exclusion criteria is shown in
Table 1.

Treatment allocation and blinding

After eligibility has been assessed and informed consent
has been obtained the infant will be enrolled in the
study. To randomise an infant to the study, investigators
will log in to the electronic Case Report Form (eCRF)
and follow the prompts to input infant data. Only inves-
tigators specifically trained to perform randomisation
will have access to the eCRF. Based on the order in
which infants enter the study and stratified by sex, the
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Table 1 Overview of inclusion and exclusion criteria

Inclusion criteria
1) Gestational age of 24 + 0 to < 30 + 0 weeks

2) Less than 72 h old and the intention to receive the first
administration of study product between 48 and 72 h after birth

3) Written informed consent from custodial parent(s)
Exclusion criteria

1) Any relevant proven or suspected chromosomal anomaly,
metabolic disorder, genetic syndrome or congenital central nervous
system malformation

2) Presence of any gastrointestinal malformation

3) No realistic prospect of survival (e.g. severe brain injury), at the
discretion of the attending physician

4) Concomitant participation in other intervention studies (for
example, but not exclusively, those studies involving investigational or
marketed nutritional or pharmaceutical products) that could impact
on the main outcome parameters and/or infant safety

5) Expected or foreseen inability of the infant and/or their families to
adhere to protocol instructions

6) Admission from an extra regional hospital, unless that hospital is a
study site

7) Current use of gastric acid inhibitors: H,-receptor antagonists
(including ranitidine) or proton pump inhibitors (including
omeprazole)

infant will be assigned a randomisation number by the
eCRF system. The infant will receive the product with
the code corresponding to his/her randomisation num-
ber. Twins and multiple births will be allocated to the
same study group. Investigators, all site staff including
medical and nursing staff and supporting staff who pre-
pare the infant feedings, and parents will be unaware of
treatment allocation.

The randomisation sequence will be generated using
the PLAN procedure of SAS statistical software (Enter-
prise Guide version 4.3 or higher) by a statistician from
Danone Nutricia Research who has no further involve-
ment in the conduct of the trial. The permuted block
randomisation will be stratified by sex (boys, girls) with
a 1:1 allocation ratio of test and control product. The
block size or sizes and whether the block size(s) will be
fixed or randomly varied will be decided by and known
only to the statistician. The packaging of the test and
control products will be identical in appearance. The
study product for each infant will be labelled using a
unique random number according to the randomisation
schedule. These random numbers will have been linked
(via a code) beforehand to either test or control product.
Which numbers correspond to which treatment will
only be known to the supplies manager at Danone
Nutricia Research.

The randomisation code will be broken after analysis
of the primary outcome and other outcomes collected
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until TEA. Assessors, parents, hospital staff and all those
involved in the conduct and/or decision making of the
follow-up phase will remain blinded to study product al-
location until follow-up database lock after the last in-
fant has completed the study (24 months corrected age).
In the case of a medical emergency that requires prelim-
inary unblinding of study product, unblinding in the
eCRF or with sealed unblinding envelopes stored at the
UMC Utrecht will be possible.

Study products
The test product is a food for special medical purposes
in powder form, used as a complement to the regular
hospital feeding regimes of preterm infants. The product
will be packaged into two separate sachets: Part A, con-
taining B. breve M-16V, and Part B, containing prebiotic
oligosaccharides scGOS and IcFOS in a ratio of 9:1, as
well as L-glutamine. The control product will be simi-
larly packaged into two separate sachets as follows: Part
A, containing maltodextrin, and Part B, containing
maltodextrin and casein and whey protein hydrolysates.
The study products will be provided to the study sites
by Danone Nutricia Research and manufactured accord-
ing to good manufacturing practice.

Supplementation

Study product supplementation will start between 48
and 72 h after birth or, if the infant is clinically unstable
as soon as possible thereafter, and will continue until 36
weeks postmenstrual age. If the infant is discharged
home or fully breastfed before 36 weeks postmenstrual
age supplementation will be stopped. Study product Part
A will be administered enterally once per day as a single
daily dose not supplemented to feeding or medication.
The dosage of B. breve will depend on birth weight: In-
fants with a birth weight >1000g will receive 3 x 10°
colony-forming units (cfu) per day; Infants with a birth
weight < 1000 g will receive 1.5 x 10° cfu per day, to be
increased to 3 x 10° cfu per day when they have reached
enteral feeding intakes of 50 ml/kg/day. Study product
Part B will be administered enterally supplemented to
the regular milk feed (breast milk or preterm formula,
depending on parents’ choice). Dosage will be increased
in a stepwise fashion. Based on the infant’s weight, daily
intake of enteral feeding and the desired (maximum)
osmolarity of the feeding, a supplementation schema
was created, starting with a minimum dosage of 0.05 g/
day L-glutamine and 0.1 g/day scGOS/IcFOS and aiming
for a final dose of 0.3 g/kg/day L-glutamine and 0.6 g/kg/
day scGOS/IcFOS when the infant receives full enteral
feeding (120 ml/kg/day for 1day). The final dosages of
L-glutamine and scGOS/IcFOS were based on the GEEF
study [45] and CARROT study [51], respectively, in
which supplementation was well tolerated.
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Outcome measures

Primary outcome

The primary outcome parameter in this study is integrity
of white matter tracts throughout the brain, measured as
FA assessed with DTI magnetic resonance imaging
(MRI) at TEA. DTI detects the direction of diffusion of
water molecules, which is influenced by the process of
increasing myelination. Many studies have shown that
FA - a measure of degree of diffusion in one direction -
and tractography - a reconstruction of tracts using FA -
are predictive of long-term neurodevelopmental out-
come [52]. DTI images will be analysed using Tract-
Based Spatial Statistics (TBSS), [53] part of the FMRIB
Software Library [54]. TBSS is a voxelwise statistical
method in which all infants FA data will be projected
onto a mean FA tract skeleton and will be cross-subject
analysed. TBSS analysis is sensitive as an imaging bio-
marker in the preterm population, [55] and can be used
as a suitable biomarker of disease and treatment effects
in children born very preterm [52, 55, 56].

Secondary outcomes

— White matter injury, measured with the white
matter injury score according to Kidokoro et al.,
[57] which evaluates cystic lesions, focal signal
abnormality, myelination delay, thinning of the
corpus callosum, dilated lateral ventricles and
volume reduction on T2- and T1-weighted MR im-
ages acquired at TEA.

— Brain tissue volumes (cerebellum, cortical grey
matter, unmyelinated white matter, deep nuclear
grey matter, ventricular volumes and extracerebral
cerebrospinal fluid) and cortical morphology
(sulcation index, cortical surface area and cortical
thickness) assessed using the segmentation method
of Moeskops et al. [58] of T2- and T1-weighted MR
images made at TEA.

— The occurrence of serious neonatal infections
(defined as culture proven or clinical sepsis with
associated clinical symptoms; clinically significant
NEC [ie., Bell’s stage two or higher]; meningitis
with or without positive culture; or pneumonia
[positive culture of tracheal aspirate, bronchial
secretion, or sputum positive for microorganisms
with associated clinical symptoms]) [45, 51] until
TEA.

— Serum concentrations of specific circulating
inflammatory markers such as IL-6, IL-10, TNF-«
and IL-8/CXCL8 measured with flow cytometry and
Luminex at 7, 21 and 42 days postnatal, 30 and 36
weeks postmenstrual age, discharge to other hospital
and TEA (optional, in a subgroup).
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— Motor and cognitive development assessed with the
Bayley Scales of Infant and Toddler Development,
Third Edition, [59] at 24 months corrected age.

Safety outcomes
The following parameters will be assessed to evaluate
safety of supplementation with the study product:

— Occurrence, type and duration of (Serious) Adverse
Events.

— Adequate growth for weight (g/kg/week), length
(cm/week) and head circumference (cm/week) until
the end of intervention.

— Growth velocity and anthropometric z-scores until
24 months corrected age.

— Number of days of parenteral nutrition.

— Time in days to achieve full enteral nutrition
(defined as 120 ml/kg/day for 1 day).

— Feeding tolerance (frequency and daily volume of
gastric residuals, the occurrence of diarrhoea and
constipation and stool frequency).

— Serum glutamine and glutamate concentrations
(optional, in a subgroup).

Study assessments
Table 2 (see Additional file 1) shows a timeline of all as-
sessments for each infant.

Data collection

All study data will be collected in a validated eCRF (VIE-
DOC, from Pharma Consulting Group during the inter-
vention period; Castor during the follow up period). To
guarantee data quality only trained study staff can enter
data in the eCRF. Data will be collected and stored in
line with data privacy laws, and details on data manage-
ment are documented in the data management plan.
Collected data will include: gender, GA, (birth) weight,
(birth) length, (birth) head circumference, parental level
of education, parental head circumference, score for
Neonatal Acute Physiology — Perinatal Extension
(SNAPPE-II), obstetric and perinatal details (such as
presence of chorioamnionitis, prenatal medication, rele-
vant maternal illnesses, Apgar scores and cord blood pa-
rameters), neonatal morbidity (such as infant respiratory
distress syndrome, need for respiratory support, neonatal
infections, patent ductus arteriosus, intraventricular
haemorrhage and post haemorrhagic ventricular dilata-
tion), neonatal medication, enteral and parenteral feed-
ing characteristics and cumulative intake. Additionally
stool samples will be collected at fixed time points to
evaluate bacterial colonisation and the development of
the microbiome and to be able to detect possible cross
contamination with B. breve M-16V in infants allocated
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to the control group, using B. breve M-16V specific
primers.

Protocol compliance and missing data

Study product preparation and supplementation will be
recorded in a log and the infant’s medical file and is
therefore traceable. All study procedures will take place
during the regular hospital admission or regular follow
up. Only the MRI in a subgroup of infants (infants born
between 28+ 0 and<30+0weeks GA with a birth
weight > 1000 g and with no significant abnormalities on
serial cranial ultrasound images) will be specifically per-
formed for study purposes, which will be clearly com-
municated with parents before informed consent is
given. This will likely minimise non-compliance and
missing data since the percentage of infants attending
regular follow up in our hospital is very high (> 90%).

Safety reporting

During the entire study period from first intake of study
product until last follow up visit data on safety (i.e., Ad-
verse Events and Serious Adverse Events) will be col-
lected. An overview of Serious Adverse Events will be
presented to the ethics committee regularly.

An independent Data Monitoring Committee (DMC)
has been established to perform safety surveillance and
to protect the scientific validity and credibility of the
study. The DMC will make recommendations regarding
safety and/or tolerance parameters and/or modifications
in protocol based on the results of the safety evaluation,
interim analyses and emerging evidence from other
studies and/or relevant other sources of evidence. The
DMC may also give the recommendation on continu-
ation, termination or continuation with modifications
for the study. The activities and responsibilities of the
DMC have been planned following the recommenda-
tions of the DAMOCLES study related to the DMC
members [60].

Two interim analyses will be performed by an inde-
pendent statistician: one when 20 infants have com-
pleted the study until TEA and another when 40 infants
evaluable for the interim analysis have completed the
study until TEA. The objectives of the interim analyses
are to evaluate safety and/or tolerance outcomes. Data
for safety evaluation purposes and the interim analyses
results will be supplied in strict confidence to the DMC.
The safety evaluation and interim analyses will be con-
ducted on semi-blinded data (“X” and “Y”). At all times
the DMC has the right to decide to fully unblind the
study groups or to unblind the treatment for one specific
infant (e.g., in case of sepsis). As unique randomisation
numbers will be used unblinding an individual infant
will not lead to unblinding of others. In case of a clinic-
ally relevant (to be judged by the DMC) difference in
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death, sepsis, meningitis or NEC between the test group
and control groups the DMC can recommend termin-
ation of the study. Unless decided otherwise by the
DMC the study will be stopped if an infant is diagnosed
with sepsis (a Serious Adverse Event) and B. breve M-
16V is subsequently detected in the infant’s blood. In
addition the DMC can recommend termination of the
study for other reasons.

Sample size calculation

The sample size needed for TBSS analyses has been esti-
mated based on previous simulations of the sensitivity of
TBSS for detecting treatment effects, as reported by Ball
et al., who recruited infants with GA <36 weeks who
underwent successful DTI at TEA (baseline characteris-
tics: median GA [range] 28 + 6 [23 +4-35 + 2], median
birthweight [range] 1130 g [630-3710 g]) [55]. The likeli-
hood of TBSS detecting an effect of the intervention on
the FA will depend on the overall FA increase and its
distribution around the mean FA increase. The effect of
the current intervention on FA is unknown. We
hypothesize that the increase in FA in the intervention
group will be moderate, in the order of 5%. TBSS ana-
lyses the relation between different parameters (e.g., GA,
sex, intervention group) and the FA of voxels of the
white matter skeleton (i.e., the inter-subject aligned
centre of white matter tracts). Based on the simulations
in neonates reported by Ball et al.,, in order to detect an
estimated increase in FA of 5% in approximately 50% of
the TBSS skeletal voxels 35 infants per intervention
group are required [55]. They showed that TBSS can de-
tect clinically relevant global differences in FA, even in
small groups and can therefore be used as a powerful
biomarker of white matter development [55]. In a recent
study comparing the effects of high vs. lower breast milk
exposure in 20 vs. 27 preterm infants group wise differ-
ences in brain connectivity at TEA were shown with
TBSS [61]. Based on these results we assume this whole-
brain DTT analysis technique is sensitive to the effects of
our intervention with 35 evaluable infants per interven-
tion group. In total 70 evaluable infants will be needed.
To account for potential drop-outs and non-evaluable
infants, the target population should consist of 88 rando-
mised infants. This number includes allocated twins/
multiple births.

Statistical analysis

Primary outcome parameter and other MRI-derived
parameters

TBSS analysis will be performed as previously described
[61]. In summary, group comparisons will be performed
with FMRIB Software Library’s Randomise tool using a
general linear univariate model, [62] with family-wise
error correction for multiple testing using threshold-free
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cluster enhancement with a significance level of p < 0.05
[63]. Group comparisons for volumetric analyses will be
performed with ANOVA, with false discovery rate to
correct for multiple testing. In all analyses GA at birth,
postmenstrual age at time of MRI, birth weight Z-score
and days of ventilation will be entered as covariates.
These analyses have been used in several other observa-
tional and intervention studies conducted in the UMC
Utrecht and other research groups, in preterm infants at
TEA (mean and median GA of 28.7 weeks), [52, 64]
healthy and asphyxiated full term infants, [65, 66] as well
as children at school age (7.5-8.5years and 12 years of
age) [67-69].

Safety and tolerance parameters, exploratory outcome
parameters and secondary outcome parameters that are
not derived from MRI assessment

Statistical analysis of continuous outcomes that are mea-
sured at more than one time point will be performed by
means of linear mixed models analysis. Statistical ana-
lysis of discrete outcomes (dichotomous variables,
ordered categorical variables and counts) will be per-
formed using parametric (i.e., generalized linear models)
or non-parametric methods. For other types of outcome
parameters stratified tests (e.g, Cochran-Mantel-
Haenszel test) and/or simple hypothesis testing methods
(e.g., Chi-square or Fisher exact tests) will be employed.
Details on the statistical analyses will be documented in
a statistical analyses plan prior to database lock/
unblinding.

Considering our relatively small sample size, it is pos-
sible that confounding factors for probiotic efficacy, such
as antibiotic exposure, could be unevenly distributed be-
tween the active and placebo study group. Baseline char-
acteristics will be evaluated at the start of the statistical
analysis, and important confounding factors will be
taken into account as covariates in the analysis. Analysis
of the primary outcome parameter will be based on all
included patients intended to treat with usable MRI ac-
cording to DTI quality. Additionally, a per protocol ana-
lysis will be carried out for supporting purposes. Safety
parameters will be analysed on the All Subjects Treated
population. To account for possible cross contamination
additional analyses will be performed to evaluate infants
with and without B. breve M-16V colonisation. A p-
value < 0.05 will be considered statistically significant.

Discussion

Infection and inflammation, together with ischemia, play
an important role in white matter injury. These pro-
cesses cause upregulation of pro-inflammatory cytokines
and activate microglia. Together this leads to excitotoxi-
city and free radical attack, causing cell death of premye-
linating oligodendrocytes and subsequent glial scarring
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of the white matter [70]. It is therefore likely that reduc-
tion of infectious morbidity may have a positive effect
on brain integrity through less disturbance of white mat-
ter structure. Multiple possible mechanisms contribute
to the proposed effect of probiotics, prebiotics and L-
glutamine on infectious morbidity. The bacterial colon-
isation of the gastrointestinal tract affects the immune
system through several pathways [71] including the pro-
duction of immunomodulatory factors such as short
chain fatty acids [72]. Production of short chain fatty
acids by intestinal bacteria is essential for numerous
brain functions, such as microglia maturation and func-
tion [73] and maintaining integrity of the blood-brain-
barrier [74]. Another postulated mechanism is one of
improved white matter integrity through direct inter-
action with immune cells. B. breve attenuates the pro-
inflammatory response in mouse macrophages in vitro
[75]. As described previously probiotics, prebiotics and
L-glutamine regulate bacterial colonisation, improve in-
testinal mucosal integrity and decrease bacterial trans-
location. This shifts the immune system to a more anti-
inflammatory phenotype, indeed enteral supplementa-
tion of prebiotic fibers has been shown to decrease sys-
temic cytokine levels (IL-1B, IFN-y and TNF-a) in
preterm infants at day 7 of life [41].

An important, well-known factor in microbiome devel-
opment is the frequency and duration of antibiotic treat-
ment. Preterm infants are regularly exposed to
antibiotics for suspected infection. As spontaneous pre-
term birth itself could be an expression of infection anti-
biotic treatment is routinely started directly after birth
in very and extremely preterm infants. Furthermore late
onset sepsis (starting >72h after birth) is a common
problem in very and extremely preterm infants, leading
to additional antibiotic exposure. Even though the aim
of antibiotic treatment is to diminish pathogenic bacteria
beneficial bacteria are also affected, causing an altered
microbiome development [76, 77]. Multiple studies have
shown that (prolonged) antibiotic exposure leads to a
less diverse microbiome [78-82]. We expect that the ef-
fect of our intervention will be influenced by exposure
to antibiotics since courses of antibiotics will most likely
diminish the growth of B. breve. We will include infants
only in one hospital in which the incidence of late onset
sepsis in extremely low birth weight infants (birth
weight < 1000 g) is approximately 27% [83]. Based on the
previous intervention studies with probiotics, prebiotics
and glutamine separately the intervention may also re-
duce the incidence of (suspected) infections, which may
reduce the antibiotic exposure [25, 45, 51]. It is possible
that the results of our study could be different in other
hospitals with other antibiotic policies.

Our study will concern a very vulnerable, critically ill
study population and the safety of the infants will be
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monitored very closely. Based on the results from previ-
ous studies with probiotics, prebiotics and L-glutamine
as individual supplements no major side effects related
to the study products are expected. The only recognised
possible adverse reaction associated with probiotic ad-
ministration is a positive culture of the probiotic organ-
ism from a normally sterile site. This is very rare and
has never been reported with B. breve M-16V supple-
mentation. For prebiotic supplementation in general
mild gastrointestinal discomfort (loose stools, constipa-
tion, abdominal pain and flatulence) has been reported.
However, in a recent systematic review and meta-
analysis no safety concerns were raised from 18 evalu-
ated randomised controlled trials on prebiotic supple-
mentation in preterm infants [40]. No adverse events
related to L-glutamine supplementation in preterm in-
fants have been described [44—46, 48, 84]. For both pre-
biotic and L-glutamine supplementation the dosages
that will be used in our study are equal to or below the
dosages used in the previously mentioned studies.

This trial focusses on the effect of the active study
product on brain development. Several important clin-
ical outcomes, such as occurrence of serious infections,
growth and neurodevelopmental outcome, are secondary
or safety outcomes of this trial. We hope that our trial
can serve as a first step in the development of future
studies in which the effect of our active study product
on clinical outcomes can be evaluated. To date we are
not able to completely prevent perinatal brain injury in
preterm infants. To our knowledge the NutriBrain study
is the first to evaluate the effect of a combination of pro-
biotics, prebiotics and L-glutamine on brain develop-
ment in preterm infants. It may give new insights in the
development and function of the gut microbiota and im-
mune system in relation to brain development and may
provide a new, safe treatment possibility with few poten-
tial side effects, to improve brain development in the
care for preterm infants.
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