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Impact

What is the key message of this article?

1. Uncertainty aboutthe therapeuticrole of probiotics to prevent necrotising enterocolitisisin
part due to the wide range of bacterial strains with no previous evidence of efficacy usedin
clinical trials.

2. We hypothesised that mechanisticstudiesembeddedina probiotictrial would provide

evidence about which properties of probiotics might be important for NEC prevention.

What does it add and what is the impact?

3. Thefindingthatthe probioticstraintested, Bifidobacterium breve BBG-001, showed neither
effectsonintestinalbarrier function norclinical efficacy supports the possibility that these

tests have potential toidentify strains to progress to large clinical trials.
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Abstract

Background

Uncertainty remains aboutthe role of probiotics to prevent necrotising enterocolitis (NEC) some of
which arisesfromthe variety of probioticinterventions used in different trials, many with no prior
evidence of potential efficacy. Mechanisticstudies of intestinal barrier function embedded in a large
probiotictrial could provide evidence about which properties of probiotics might be important for

NEC prevention thus facilitating identification of strains with therapeutic potential.

Methods

Intestinal permeability, stool microbiota, SCFAs and mucosal inflammation were assessed from the
second postnatal week in babies enrolled to a randomised controlled trial of B breve BBG-001 (the

PiPS Trial). Results were compared by allocation and by stool colonisation with the probiotic.

Results

Ninety-four preterm babies were recruited across six nested studies. B breve BBG-001 content was
higher by allocation and colonisation, Enterobacteriaceae and acetic acid levels were higher by
colonisation. No measure of intestinal barrier function showed differences. The PiPS trial found no

evidence of efficacy to reduce NEC.

Conclusion

That the negative results of the PiPS trial were associated with failure of this probiotic to modify
intestinal barrier function supports the possibility that the tests described here have potential to

identify strains to progress to large clinical trials.
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1 Introduction

Necrotising enterocolitis (NEC) is the major gastro-intestinal emergency following pre-term birth - it
is a devastating disease carrying high mortality and long-term morbidity [1]. The pathogenesis
remains incompletely understood and is complex and heterogeneous involving functional and
anatomical immaturity of both the intestinal barrier and gastrointestinal immune systems, abnormal
patterns of intestinal microbial colonisation, abnormalities in gastro-intestinal blood flow and a
possible genetic predisposition[2] [3]. Figure 1 outlines some of the characteristics of the foetal and

preterm neonatal intestine that may predispose preterm babies to the development of NEC.

Thereis no clearcase definition for NECand whilstthe global incidence varies widely, it is estimated
to affect between 2-9% of babies born <1500g birthweight [4]. Clinical management involving
‘resting’ the bowel and giving antibiotics with recourse to surgical intervention if necessary[5] has
not changed for decades and thereisurgent need forevidence based interventions both to prevent

and treat disease.

Overthe past twenty years there has beeninterestin the potential of enteral probiotics to prevent
NEC [6-10]. There have been a number of meta-analyses all of which suggest evidence of benefit,
one of the most recent including 38 trials involving 10,520 participants [11]. Despite this, clinicians
remain divided about the therapeutic role of probiotics. Various aspects of the trials have been
criticised, one of the frequent comments being the heterogeneity of the interventions in terms of
bacterial strain, dosage and the number of strains given [12]. In the majority of these trials the
choice of probiotic appears to be based on availability rather than any pre-clinical evidence of
benefit. The largest of the trials included in these meta-analyses, the Probiotics in Preterm Babies
trial (PiPS), was a placebo controlled trial of the probiotic Bifidobacterium breve BBG-001 in babies

born before 31 weeks of gestation[13].
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When the PiPStrial was designed the investigators believed it likely that this probioticwould prevent
NEC. The current paper reports results of studies embedded within the trial investigating effects of
the probiotic Bifidobacterium breve BBG-001 on aspects of intestinal barrier function, this being
thought to be an important factor in the pathogenesis of NEC. Previous studies have shown
increased intestinal permeability in preterm babies both with [14-17] and without NEC [18-22],
abnormal patterns of intestinal microbial colonisation, short chain fatty acid and lacticacid excretion
preceding NEC [23, 24] and increased intestinal inflammation in association with NEC [25]. Different
probiotics have shown potential to modulate gut permeability [26], intestinal microbiota
composition [27] and short chain fatty acid production[24, 28] and to reduce intestinal inflammation
(albeit in laboratory induced NEC) [29]. The studies reported in this paper, were designed to
evaluate whether Bifidobacterium breve BBG-001 administration or colonisation influenced these
intestinal barrierfunctions. It was hypothesised that these studies would provide potential evidence
about which properties of probiotics might be important for NEC prevention thus facilitating the

identification of strains with therapeutic potential.

2 Aims

The aims of this study were to investigate whether randomisation to, or colonisation with,
Bifidobacterium breve BBG-001 affected: (1) intestinal permeability; (2) intestinal microbiota
composition, short chain fatty acid and lactic acid production and; (3) intestinal mucosal
inflammation and enterocyte damage; in a subset of babies enrolled to the Probiotics in Preterm

Babies (PiPS) trial.
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3 Methods

3.1 Study Population, Funding and Ethics

Nested studies were conducted on a subset of participants already enrolled to the PiPS trial at two
hospitalsininner East London (The Homerton University Hospital NHS Foundation Trust, Homerton
Row, London and The Royal London Hospital NHS Trust, Whitechapel, London). Inclusion and
exclusion criteria were the same as those for the PiPS trial [30] with funding and ethics approval
provided independently of the trial by Barts Charity (Ref: 719/1102) and the South London REC 2
Committee (Ref 10/H0802/40) respectively. Parents were approached about these additional
studies duringthe second week after the birth of their baby and were recruited following informed

written parental consent.

There were six separate studies conducted under three themes outlined in 3.1.1. Because the
research ethics committee requested that parents be given the choice about which studies their
baby took part in, there are different numbers of babies in each of the studies described in this
paper. A schedule of events outlining the postnatal age (pna) at which each study was performed is

presented in Table 1.

3.1.1 Theme 1: Intestinal Permeability

Assessments of intestinal permeability were divided into tests evaluating (a) afferent movement of
substances from within the intestinallumen into the systemiccirculation and (b) efferent movement

of substances from the systemic circulation into the intestinal lumen.

Tests evaluating afferent movement included: (1) a sugar absorption test (using lactulose and
mannitol) (SAT) conducted at day 14 afterbirth;and (2) weekly evaluations (for four weeks) of blood

and plasma for the presence of bacterial DNA and lipopolysaccharide (LPS) endotoxin. The sugar
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absorption test was conducted using the protocol previously published by van Elburg and
colleagues[22] and whole blood assessed for the presence of bacterial DNA using the methods
described by Jiang [31]. Plasma endotoxin was quantified using the ToxinSensor™ Chromogenic

Endotoxin Assay Kit following manufacturer protocols and guidance (http://www.genscript.com).

Tests evaluating efferent movement involved quantifying stool alpha-1-antitrypsin (A1AT) by an
enzyme-linked immunoassay (ELISA) on stool samples collected between days 14-21 after delivery.

A1AT ELISA kits and protocols were supplied by Immundiagnostik (AG Bensheim, Germany).

3.1.2 Theme 2: Intestinal Microbiota, Short Chain Fatty Acids and Lactic Acid

Stool microbiota were identified and quantified using 16S rRNA gene targeted group and species
specificprimers. The materials and methods used for the development of primers, extraction of DNA
from faecal samples, PCR and short chain fatty acid and lactic acid quantification, have previously
beendescribed [32,33] [34]. These tests were performed at the Yakult Honsha European Research

Centre for Microbiology ESV (YHER) at their laboratory in Ghent-St-Peters, Belgium.
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3.1.3 Theme 3: Intestinal Mucosal Inflammation

Intestinal mucosal inflammation/enterocyte damage was assessed by measuring urinary intestinal
fatty acid binding protein (I-FABP,) by ELISA using a commercial kit and manufacturer protocols
provided by Hycult Biotech Ltd. Urine samples were corrected for dilution by normalising to
creatinine content, measured using an enzymatickit (Sentinel Diagnostics). Measurement of |-FABP,

was performed on urine samples collected for the sugar absorption tests.

3.1.4 Stool colonisation

Stool colonisation with B breve strain BBG-001 was determined by culture at two weeks postnatal

age usinga selective medium provided by Yakult Honsha Co Ltd (Tokyo, Japan) and by PCR for

microbiotaand SCFAs/lacticacid.

3.2  Statistical Analyses

The results were analysed two ways, firstly by whether the baby was randomised to B breve BBG-
001 or placebo and secondly by whether or not the stools of babies were colonised with B breve
BBG-001. Allanalyseswere conducted using GraphPad Prism 6 (© GraphPad Software, Inc.) and IBM
SPSS for Windows (version 26). Continuous data are summarised using medians and interquartile
ranges and compared by group using the Mann-Whitney U-test (for non-normally distributed data).
The Hodges-Lehmann method was used to estimate the median differences with corresponding 95%
confidence intervals (Cls). Dichotomous data are presented using frequencies and percentages and
compared by group using Fisher’s exact test. Differences in proportions are presented with
corresponding 95% Cls. Sensitivity analyses were carried out on continuous outcomes using linear
regression methods and, assuming the datawere normally distributed, adjusted for gestational age

at birth.
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3.2.1 Sample Size Calculations

Sample size estimates were calculated at a 2-sided 5% level of significance with 80% power. Where
possible, sample sizes assumptions were based on previously published works [26, 35] however, for
many of the studies undertaken, we lacked robust data in the preterm infant in health and disease
and in the context of probiotic administration. Where data for preterm babies did not exist, term
infant data or data from adult studies were used [36] [25, 37] . The target numbers for each
component study were: (a) SAT-16 per group; (b) stool A1AT-19 per group; (c) bacterial
translocation-38 per group; (d) stool microbiotaand SCFA-11per group; and (e) IFABP-14 per group

(see Appendix 1).

3.3  Access to Participant Clinical, Trial Allocation and Colonisation Data

All clinical and trial related data, including the allocation to probiotic or placebo and stool
colonisation by Bifidobacterium breve BBG-001 at two weeks postnatal age, were provided after
completion of the PiPS trial by the Clinical Trials Unit at the National Perinatal Epidemiology Unit
(NPEU) in Oxford, UK. The NPEU was responsible for the day to day administration of the main PiPS
trial. The data were provided with permission granted by the Trial Steering Committee and issued

following completion of adata sharing agreement.
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4 Results

Between August 2010 and October 2013, ninety-four infants were recruited to these studies. The
median [IQR] gestation of all participants was 26.7 weeks [25.43 to 28.18] and median [IQR]
birthweight was 848 grams [774 to 1013]. There were 53 malesand 41 females. Baseline data, trial
allocation to probiotic or placebo and stool colonisation with B breve BBG-001 are presented in
Table 2. In all six studies, the proportion of participants colonised with B breve BBG-001 at two
weeks pna is higher than the number allocated to receive it, suggesting that some babies in the

placebo group were colonised. Adjustment for gestational age at birth did not change the results.
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4.1 Theme 1: Intestinal Permeability

4.1.1 Afferent permeability from within the intestinal lumen to the systemic circulation

Afferent permeability from the intestinal lumen to the systemic circulation was assessed by the
sugar absorption test and by bacterial translocation. Table 3 outlines the results of these

evaluations.

4.1.2 Efferent permeability from the systemic circulation into the intestinal lumen

Efferentintestinal permeability (i.e. movement from the systemiccirculation to the intestinal lumen)
was assessed by measuring stool alpha-1-antitrypsin. The median [IQR] stool A1AT among babies
randomised to B breve BBG-001 was 12.94 [10.36 to 32.58] mg/dl and in babiesallocated to placebo
was 17.78 [10.95 to 29.71] mg/dl (p=0.49; difference in medians: 1.19; 95% Cl -3.95 to 8.5). The
median [IQR] stool A1ATin babies colonised with the probiotic was 13.68 [10.56 to 34.39] mg/dl and
in babies who were not colonised was 16.59 [10.52 to 23.82] mg/dl (p=0.6; difference in medians: -

1.13; 95% Cl -11.77 to 4.95).
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4.2 Theme 2: Stool Microbiota and Short Chain Fatty Acids

4.2.1 Stool Microbiota

Stool microbiota were identified and quantified using family, genus and species specific primers
originally designed to detect the predominant bacteria in adult human faeces [33]. A number of
bacteria were not detected in any of the samples (Clostridium cocoides, Prevotella and Atopobium
cluster; Lactobacillus casei, L. brevis, L. fermentum, L. fructivorans, L. reuteri, L. sakei and C. difficile)
or were presentinasmall number of babies precluding comparisons between groups (Bacteroides
fragilis [1/29 samples]; C. perfringens [4/29 samples]; L. gasseri [5/29 samples]; L. plantarum [3/29

samples]; L. ruminis [1/29 samples]; Streptococcus [8/29 samples] and Pseudomonas [4/29 samples].
p p p p p

Table 4 outlines the median bacterial counts (Log,./g faeces) detected in the stools of babies.
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4.2.2 Stool short chain fatty acids and lactic acid

Short chain fatty acid and lacticacid content was also quantified on the same stools as those used to
assess bacterial content. High Performance Liquid Chromatography was performed to detect
succinicacid, lactic acid, formic acid, acetic acid, propionic acid, butyric acid, isobutyric acid, valeric

acid and isovaleric acid.

Comparisons between groups were limited to succinicacid, lacticacid and aceticacid because of the
small proportion of samplesinwhich the other SCFAs were detected. The results of comparisons by

randomisation and colonisation to B breve BBG-001 are presented in Table 5.

4.3 Theme 3: Intestinal inflammation

Intestinal inflammation/enterocyte damage was assessed by measuring urinary intestinal fatty acid

binding protein (I-FABP,) in urine.

The median [IQR] value forI-FABP,, in babies randomised to B breve BBG-001 was 5.94pg/mmol [3.3
to 20.6] and was 3.5pg/mmol [1.1to 8.1] in babiesreceiving placebo (p=0.14; difference in medians:

-3.4;95% Cl-9.2to 1.1).

By colonisation with B breve BBG-001, the median [IQR] I-FABP, was 6.35pg/mmol [2.4 to 12.02] and
in babies who were not colonised with the probiotic was 1.8pg/mmol [0.94 to 9.3] (p=0.16;

difference in medians: -2.2; 95% Cl -7.3 to 1.5).
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5 Discussion

These studies prospectively evaluated mechanisms of action of the probiotic Bifidobacterium breve
BBG-001 in a subset of babiesenrolledin alarge randomised controlled trial and found no evidence
that B breve BBG-001 affected intestinal permeability or intestinal mucosal inflammation.
Differences in intestinal microbiota and short chain fatty acid production were observed in babies
colonised with the probioticattwo weeks post-natal age. The findings are consistent with the PiPS
trial which showed no evidence of benefit for any of its three primary outcomes (NEC, late onset
sepsis (LOS) and death) nor for any of the pre-specified secondary outcomes with rates of major

neonatal morbidities similar between groups [30].

When the PiPS trial was designed (in 2005), the investigators believed it likely the probiotic would
reduce the incidence of NEC. Bifidobacterium breve BBG-001 was chosen as the intervention
because it wasthe only product that had been reported at that time to show any benefit, albeit for
nutritional outcomes rather than for NEC prevention [27]. One of the key aims underpinning the
work reported in this paper was not only to understand the mechanism of any benefit of B breve
BBG-001 found in the PiPS trial, but also to identify tests that might be useful to evaluate further
probiotic strains with therapeutic potential. If these mechanisms had been evaluated prior to
commencing the PiPS trial, the findings may have influenced strain selection in the main study.
Large randomised controlled trials are not only expensive but are time consuming for staff and
potentially impose strain on families and risks for participants; surrogate markers of probiotic
mechanisms might be useful in evaluating new or proposed probiotic interventions before

progressing to phase 3 clinical trials.

Increased intestinal permeability is frequently cited as a risk factor for NEC and substantial
proportions of neonatal septicaemias are associated with gut-derived organisms, suggesting an
aetiological role for translocation in LOS[38]. We evaluated intestinal permeability using three

different methods. The modified sugarabsorption test has previously been used to assess baseline
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intestinal permeability in preterm babies [22], effects of feeding type [39] and in examining the
effects of probiotics [26]and prebiotics [40] in preterm babies. Babies allocated to and colonised
with B breve BBG-001 had trends towards reduced permeability by the SAT. However, the SAT is
designed to measure small intestinal permeability and one could argue that assessment by this

method alone may not truly reflect whole bowel permeability.

To overcome this, we also assessed passive markers of permeability (faecal A1AT) and serum
markers (endotoxin and bacterial DNA reflecting whole bowel permeability). Both of these methods
are less well reported in preterm babies though both have been evaluated in adult studies[41].
Median faecal A1AT levels among babies were within the normal range (<54mg/dl) so this test may
not be useful in assessinginterventions that might reduce permeability. In babies allocated to the
probioticintervention, there was atrend towards increased bacterial translocation (p=0.05). Overall
high rates of bacterial translocation were found among all babies enrolled to this study with 43/86
(50%) having at least one episode during the study period. This finding has not previously been
reported and the contribution of bacterial translocation (especially endotoxinaemia) to episodes of
clinically suspected infection in preterm babies requires further evaluation. There are however,
limitations to the assays used to detect plasma endotoxin and previous reviews have recommended

caution when interpreting results [42].

Stool microbiota were assessed using primers originally designed to detect the predominant bacteria
in adult human faeces[32]. Samples processed from preterm babies in our study showed less
microbial diversity in comparison to those seen in adults which likely reflects the range of taxa
assessed using this primer set and the typical constituents of the preterm gut flora[43, 44]. When
analysed by colonisation with B breve BBG-001, we saw increased bacterial loads of potentially
pathogenic Enterobacteriaceae on samples processed at three weeks after birth. This observation
has been reported previously[27] and is surprising given that acetic acid levels were also raised in

babies colonised with B breve BBG-001; we would expect raised acetic acid to inhibit or suppress
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colonisation with potentially pathogenicbacteria[45]. Inan analysis of the intestinal microbiome of
infants recruited to the PiPS trial at 36 weeks post menstrual age, there was no difference in
microbial richness and diversity nor of the relative proportion of Proteobacteria, predominantly
Enterobacteriaceae, either by allocation or colonisation. Enterobacteriaceae were more dominantin
the intestinal microbiome of infants with longer durations of exposure to antibiotics during the first
two weeks afterbirth[46]. There are many factors that might determine the relationship between
colonisation with B breve, Enterobacteriaceae and acetic acid production. These include substrate
availability (to produce acetic acid or consume human milk oligosaccharides), antibiotic effects on
bacterial metabolism and viability, microbial interactions (including displacement and/or
competitive exclusion), the specific strains colonising infants in the comparative groups and the
methods of analysis. Higher numbers of Enterobacteriaceae by colonisation may also explain trends

towards higher levels of I-FABP,.

These contradictory findings (together with wide confidence intervals) may also suggest that the
sample sizes were too small. For many of the studies undertaken, we lacked robust data in the
preterminfantin health and disease andinthe context of probioticadministration, on which to base
our sample size calculations. Instead, for many studies, the best we could do was to extrapolate
fromterm infant data or data from adult studies. These patient groups represent different cohorts
at different stages of development and with different diseases and the reference ranges obtained

from these groups may not be applicable to the preterm baby.

Choosing appropriate targets on which to design mechanistic studies is dependent upon
understanding the pathophysiology of the disease for which an intervention is proposed to exert
benefit. The hypotheses supporting the use of probiotics to prevent necrotising enterocolitis and
septicaemias are that their administration to the preterm infant will strengthen intestinal barrier
function, encourage gut microbiota resembling that of the term infant, reduce intestinal

inflammation and modulate intestinal immunity [13]. Probiotics work through a diverse range of
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biological mechanisms but not all probiotics act similarly. Choosing the right probiotic to prevent
importantdiseasesin preterm babiesis dependent upon evaluating different probiotic species both
at mechanisticlevelsandinlarge appropriately designed randomised trials. If intestinal permeability
isan important contributorto the development of necrotising enterocolitis and LOS then the results
of this study may explain why the probiotic did not influence the clinical outcomes assessed in the
main trial. However, there are limited longitudinal data in the preterm baby relating to normal
values (both in health and disease)forevaluation of interventions that may influence the intestinal
barrierfunctions we investigated in this study. Without such data, the results we report here could
easily reflect a lack of underlying pathology as much as a failure of the probiotic to alter these

parameters.

Few previous studies have sought to prospectively evaluate probiotic mechanisms by both
randomisation and colonisation across such a diverse range of potential areas for which probiotics
might exert benefit. When evaluating subjects enrolled toa study using a live intervention, potential
cross colonisation of the placebo group is inevitable and evaluating results by randomisation and

colonisation is important when determining the overall effect an intervention might exert.

In 2018, The European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN),
published astrain specificsystematicreview and network meta-analysis of probiotic use in preterm
babies. Despite including 51 studies and over 11,000 participants, the authors were unable to
identify the optimal strain, dose or combination of probiotics to reduce NEC and concluded that
clinicians are left using inadequately tested, potentially unsafe and possibly ineffective treatments
[47]. More recently, ESPGHAN has produced a further conditional recommendation for four
probioticbacteriathat may reduce NEC. Howeverthe authors are clearthis recommendation comes

with a low certainty of evidence [48].

Future studies evaluating specific probioticbacteriain preterm babies may benefit from undertaking

mechanistic evaluations to inform optimum strain selection for testing in larger randomised trials
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and we believethe studies outlined here may provide essential datarelating to the preterm baby on

which to adequately power these studies.
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Legend
Figurel.

Foetal intestine: The intestinal lumen (A)in the foetusis sterile; intestinal mucus (B) is watery; TLR4
receptors (C) are abundantly expressed on enterocytes; large proteins from amnioticfluid (D) are
easily absorbed between widely spaced enterocytes (E) and enterthe circulation (F).

Preterm neonatal intestine: The intestinallumen (A) contains a higher proportion of potentially
pathogenic(purple) than beneficial (green)bacteria; intestinal mucusis more abundant but still
watery (B); potentially pathogenicbacteria are in close proximity to TLR4 receptors (C); inthe
absence of food the intercellular gap remains wide (D); fluctuations in intestinal blood flow produces
vasodilating substances (e.g. nitricoxide) (E).

Necrotising enterocolitis: Potentially pathogenicbacteria(purple) outnumberotherbacteriainthe
intestinal lumen (A); intestinal mucus (B) may be interrupted allowing some bacteriato adhere to
TLR4 receptors (C); activation of TLR4 leads to downstream production of [L8through the NF-kB
pathway (D) initiating furtherinflammation; bacterial translocation occurs through (E) and between
(F) enterocytesinto the systemiccirculation.

6.1.1 Table 1: Summary of Schedule of Events

Theme 1: Intestinal permeability

14 days 21 days 28 days 35 days
PNA PNA PNA PNA
Urine (SAT) X
Blood (16S PCR and LPS) X X X X
Stool (A1AT) X

Theme 2: Intestinal microbiota composition and short chain fatty acid production

14 days 21 days 28 days 35 days
PNA PNA PNA PNA
Stool (PCR & HPLC) X

Theme 3: Intestinal mucosal inflammation

14 days 21 days 28 days 35 days
PNA PNA PNA PNA
Urine (IFABPy) X
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Table 1 outlines the postnatal age (PNA) at which each evaluation was conducted. SAT=sugar absorption
test; PCR=polymerase chain reaction; HPLC=high performance liquid chromatography; LPS=
lipopolysaccharide; A1AT=alpha-1-antitrypsin; IFABPy= urinary intestinal fatty acid binding protein.
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Table 2 Patient Characteristics

Sugar Bacterial Stool alpha-1- Stool Urinary
Absorption Test Translocation antitrypsin microbiota and | Intestinal Fatty
short chain Acid Binding
fatty acids Protein
Number 35 86 45 29 36
recruited
Female 20/35 (57%) 38/86 (44%) 24/45 (53%) 16/29 (55%) 20/36 (56%)
Median [IQR] 27.5 [25.57 to 26.93 [25.43 to 26.71 [25.43 to 26.71 [25.5 to 27.5 [25.57 to
Gestation 28.71] weeks 28.04] weeks 28.36] weeks 28.07] weeks 28.68] weeks
Median [IQR] 900 [770 to 869 [748 to 870 [788 to 890 [792 to 900 [773 to
Birthweight 1070] grams 1021] grams 1025] grams 1000] grams 1068] grams
Randomised to 12/35 (34%) 42/86 (49%) 20/45 (44%) 13/29 (45%) 13/36 (36%)
B breve BBG-
001
Colonised with 19/32 (59%) 46/80 (58%) 25/44 (57%) *17/29 (59%) 20/34 (59%)
B breve BBG-
001

Table 2: Number of participants enrolled into each component study.

Gestation and birthweight are
presented as medians [interquartile ranges]. Colonisation with B breve BBG-001 refers to colonisation at two

weeks postnatal age confirmed by growth on selective media or PCR (*).
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Table 3 Evaluations of Intestinal Permeability

Test Allocated to B Allocated to Effect estimate P value
breve BBG-001 Placebo and 95% Cl
SAT Median [IQR] 0.24 [0.05 to 0.53] | 0.42 [0.24 t0 1.03] | 0.17 (-0.08 to 0.43) 0.16
Bacterial translocation 26/42 (62%) 17/44 (39%) 23% (2% to 44%) 0.05
(bacterial DNA and LPS) n
(%)
Test Colonised with B | Not colonised with Effect estimate P value
breve BBG-001 B breve BBG-001 and 95% CI
SAT Median [IQR] 0.34 [0.1t0 0.46] 0.41[0.24 t0 2.76] 0.18 (-0.1to 1.4) 0.19
Bacterial translocation 24/46 (52%) 16/34 (47%) 5% (-17% to 27%) 0.82
(bacterial DNA and LPS) n
(%)

Table 3: Results for the SAT (lactulose/mannitol ratios) are presented as medians with interquartile ranges,
difference in medians and 95% confidence intervals and compared by allocation or colonisation using
Mann-Whitney U test and Hodges Lehmann methods. Results for bacterial DNA and lipopolysaccharide are
presented as a composite number (n) and percent of babies with any episode where bacterial DNAand/or
lipopolysaccharide were detected in peripheral blood with differences in percentages and 95% Cls and
compared using Fisher’s exact test. Colonisation with B breve BBG-001 refers to colonisation at two weeks
postnatal age confirmed by growth on selective media.
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Table 4 Stool Microbiota

Allocated to B
breve BBG-001

Allocated to
Placebo

Effect estimate and
95% Cl

P value

Total Bacteria

9.5 [9.0 to 10.2]

8.6 [7.5 t0 9.3]

-0.95 (-1.9 to -0.2)

0.01

C. leptum

6.3 [1.0 to 7.4]

6.0 [1.0 to 7.0]

0.0 (-1.3 to 4.87)

0.9

Enterobacteriaceae

8.4 [6.7 to 9.4]

7.5[1.0 to 8.9]

0.9 (-6.2 t0 0.2)

0.13

Enterococcus

7.5[1.0 to 8.5]

3.9([1.0to 7.4]

-0.29 (-6.1 t0 0.2)

0.35

Staphylococcus

6.8 [5.7 to 7.3]

7.3[5.4t07.9]

0.34 (-0.8to0 1.2)

0.42

Bifidobacterium

9.4 [8.5 to 10]

1.0[1.0 to 8.3]

-8.0 (-8.5 to -0.9)

0.001

B breve BBG-001

9.4 [8.6 t0 9.8]

1.0 [1.0 to 5.5]

-8.1 (-8.6 to -5.6)

0.001

Colonised with B
breve BBG-001

Not colonised with
B breve BBG-001

Effect estimate and
95% Cl

P value

Total Bacteria

9.5 [9.0 to 10.1]

8.4 [6.6 t0 9.0]

-1.2 (-2.4 to -0.5)

0.001

C leptum

6.3 [1.0 to 7.4]

5.6 [1.0 t0 6.9]

0.0 (-1.9 to 0.65)

0.46

Enterobacteriaceae

8.4[7.0t09.2]

4.2 [1.0 to 8.5]

-1.92 (-7.1 to -0.07)

0.03

Enterococcus

7.5[3.8 t0 8.5]

1.0[1.0to 7.5]

-5.6 (-6.5 to 0.0)

0.09

Staphylococcus

7.1[6.1to07.6]

6.8 [5.2 to 8.1]

-0.15 (-1.58 to 0.83)

0.84

Bifidobacterium

9.5[8.5t09.9]

1.0[1.0to 1.0]

-8.3 (-8.8't0 -6.7)

<0.0001

B breve BBG-001

9.4 [8.5t09.9]

1.0[1.0to 1.0]

8.4 (-8.8 to -7.8)

<0.0001

Table 4: Data are median bacterial counts (log,o/g of faeces) with interquartile ranges, difference in medians
with 95% confidence intervals and compared by allocation or colonisation using Mann-Whitney U test and
Hodges Lehmann methods. Colonisation with B breve BBG-001 refers to colonisation by PCR.
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Table 5 Stool Short Chain Fatty Acids & Lactic Acid

Allocated to B Allocated to Effect estimate and P value
breve BBG-001 Placebo 95% CI
Succinic acid 6.75 [3.25 to 16.85] 5.2 [2.6 to 10.60] -0.7 (-10to 6.2) 0.77
Lactic acid 4.45 [3.1to0 7.25] 4.6 [3.651t05.12] 0.0 (-7.3 t0 2.0) 0.99
Acetic acid 27.95[18.7 to 35.0] 11.7 (5.3 to 30.9) -12.3 (-22 to 2.4) 0.08
Colonised with B Not colonised with Effect estimate and P value
breve BBG-001 B breve BBG-001 95% Cl
Succinic acid 7.5 [3.6 to 14.53] 3.0 [2.2 to 33.9] -1.55 (-8.4 to 22) 0.37
Lactic acid 4.7 [3.6 t0 5.3] 4.5 [2.6t05.8] -0.2 (-7.7 to 2.5) 0.99
Acetic acid 27.95 [18.7 to 35.0] 6.1 [4.2 to 18.5] -16.2 (-24.8 to -5.5) 0.009

Table 5: Data are median mmol SCFA/g of stool with interquartile ranges, difference in medians with 95%
confidence intervals and compared by allocation or colonisation using Mann-Whitney U test and Hodges
Lehmann methods. Colonisation with B breve BBG-001 refers to colonisation by PCR.

30|Page

© 2020 Macmillan Publishers Limited, part of Springer Nature.




INTESTINAL
LUMEN

ENTEROCYTES

LAMINA
PROPRIA

FOETAL INTESTINE PRETERM NEONATAL INTESTINE NECROTISING ENTEROCOLITIS

Figure 1.

Foetal intestine: The intestinal lumen (A) in the foetus is sterile; intestinal mucus (B) is watery; TLR4 receptors (C) are abundantly expressed on enterocytes; large proteins from amniotic
fluid (D) are easily absorbed between widely spaced enterocytes (E) and enter the circulation (F).

Preterm neonatal intestine: The intestinal lumen (A) contains a higher proportion of potentially pathogenic (purple) than beneficial (green) bacteria; intestinal mucus is more abundant but
still watery (B); potentially pathogenic bacteria are in close proximity to TLR4 receptors (C); in the absence of food the intercellular gap remains wide (D); fluctuations in intestinal blood flow
produces vasodilating substances (e.g. nitric oxide) (E).

Necrotising enterocolitis: Potentially pathogenic bacteria (purple) outnumber other bacteria in the intestinal lumen (A); intestinal mucus (B) may be interrupted allowing some bacteria to
adhere to TLR4 receptors (C); activation of TLR4 leads to downstream production of IL8 through the NF-kB pathway (D) initiating further inflammation; bacterial translocation occurs

through (E) and between (F) enterocytes into@he sy2¢yP¢¥itedatemillan Publishers Limited, part of Springer Nature.
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