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OBJECTIVE: To evaluate whether probiotic supplementation attenuates gut-dysbiosis in neonates with congenital gastrointestinal
surgical conditions (CGISC).

METHODS: Sixty-one neonates (=35 weeks gestation) with CGISC were randomised to receive daily supplementation with a
triple-strain bifidobacterial probiotic (n = 30) or placebo (n = 31) until discharge. Stool microbiota was analysed using 16S
ribosomal RNA gene sequencing on samples collected before (T1), 1 week (T2), and 2 weeks (T3) after supplementation and
before discharge (T4). The primary outcome was the sum of the relative abundance of potentially pathogenic families of
Clostridiaceae, Enterobacteriaceae, Enterococcaceae, Pseudomonaceae, Staphylococcaeae, Streptococcaceae, and

Yersiniaceae at T3.

RESULTS: The median gestational age [38 weeks (IQR: 37.1-38.9)] was similar in both groups. The probiotic group had lower
rates of caesarean deliveries (40% versus 70%, p = 0.02). The relative abundance of potentially pathogenic families was lower in
the probiotic group compared to placebo at T3 [(median: 50.4 (IQR: 26.6-67.6) versus 67.1 (IQR: 50.9-96.2); p = 0.04). Relative
abundance of Bifidobacteriaceae was higher in the probiotic group at T3 [(median: 39.8 (IQR: 24.9-52.1) versus 0.03 (IQR
0.02-2.1); p < 0.001). Stratified analysis continued to show a higher abundance of Bifidobacteriaceae in the probiotic group,
irrespective of the mode of delivery.

CONCLUSIONS: Probiotic supplementation attenuated gut dysbiosis in neonates with CGISC.

TRIAL REGISTRATION: http://www.anzctr.org.au (ACTRN12617001401347).

Pediatric Research (2022) 92:1122-1131; https://doi.org/10.1038/s41390-021-01884-x

IMPACT:

® Probiotic supplementation attenuates gut dysbiosis and improves stool short-chain fatty acid levels in neonates with
congenital gastrointestinal surgical conditions.

® This is the second pilot RCT of probiotic supplementation in neonates with congenital gastrointestinal conditions.

® These findings will pave the way for conducting multicentre RCTs in this area.

INTRODUCTION Experimental studies have shown that probiotic supplementa-

The common morbidities in neonates with congenital gastrointest-
inal surgical conditions (CGISC) are feed intolerance and healthcare-
associated infections (HAI)."~® Recurrent administration of antibiotics,
delayed enteral feeds, use of parenteral nutrition (PN), and delayed
exposure to the mother’s skin and breast milk microbiota can lead to
intestinal dysbiosis in these infants.'>'> Our previous prospective
study found that neonates with CGISC develop gut dysbiosis during
their stay in the neonatal intensive care unit.'

tion attenuates gut dysbiosis, strengthens the gut barrier, prevents
enteropathogenic infections, reduces antimicrobial resistance,
enhances immunity, and promotes gut peristalsis.'® Through
these mechanisms, probiotics have the potential to improve the
outcomes of neonates with CGISC.'® Many beneficial biological
functions of probiotics are mediated via short-chain fatty acids
(SCFAs)."” The major SCFAs (80-95%) in the gut are acetate,
propionate, and butyrate.'®'?
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In infants, SCFAs are produced by the fermentation of milk
oligosaccharides by gut bacteria, and the type of milk has a
significant effect on the composition of the SCFA.%°

Our previous prospective study also found that neonates with
CGISC have lower faecal SCFA levels."

Systematic reviews from adult studies have concluded that
probiotic/synbiotic supplementation is safe and reduces the risk of
postoperative infections.?! A pilot randomised controlled trial
(RCT) (n=24) in neonates with gastroschisis reported that gut
dysbiosis was partially attenuated by the probiotic Bifidobacterium
longum subsp. infantis.*> Our systematic review found limited
evidence regarding the role of probiotics in neonates with CGISC
and recommended the conduct of RCTs.2®> Hence, we conducted
this pilot RCT to evaluate the efficacy and safety of probiotics in
attenuating dysbiosis and improving SCFA levels in term and near-
term infants with CGISC.

METHODS

Hypothesis

Probiotic supplementation attenuates gut dysbiosis and increases stool
SCFA levels in term and near-term neonates with CGISC.

Design and setting

Double-blind RCT in the neonatal intensive care unit of Perth Children’s
Hospital, Western Australia. Approval was obtained from the Institutional
Human Research Ethics Committee (HREC Ref Number RGS0000002554). It
was registered with the Australia and New Zealand Clinical Trials Registry
(ACTRN12617001401347). The protocol is available in Supplement File 3.
Infants were recruited between November 2017 and March 2020.

Eligibility criteria included

Neonates (=35 weeks’ gestation) with intestinal atresia, malrotation,
congenital diaphragmatic hernia (CDH), tracheoesophageal fistula (TOF),
gastroschisis, exomphalos, Hirschsprung disease, imperforate anus, short
bowel syndrome, and other surgical conditions requiring stomas (e.g.,
severe meconium ileus, microcolon). Preterm infants less than 35 weeks of
gestation were excluded to reduce the confounding effect of prematurity
on the gut microbiota.

Intervention

A mixture of three strains (Bifidobacterium breve M-16V, Bifidobacterium
longum subsp. infantis M-63, and Bifidobacterium longum subsp. longum
BB536; 1x 10° colony-forming units (CFU) of each strain per 1g sachet;
Morinaga Milk Industry Co., Ltd., Japan]. Dose was 1 sachet per day, which
provided a total of 3x10° (e, 3 bilion) CFU per day. Placebo:
Maltodextrin. The trial supplements were stored in a refrigerator at 2-8 °C.

Group assignments were allocated using a computer-generated
sequence in randomly ordered block sizes of 2 and 4. These sequences
were generated by our institutional trial pharmacist, without the
involvement of the research team. Allocation concealment was
optimised through pharmacy-controlled allocation; the clinical trial
pharmacist generated random numbers and used them to prepare
sequentially numbered individual boxes, each containing 30 sachets of
trial supplements. The sachets containing probiotics or placebo were of
identical design, weight, and volume; the boxes containing the sachets
were also of similar design. The contents of the sachets (probiotic or
placebo) were similar in texture, smell, and taste. All these steps
were undertaken to ensure adequate blinding of healthcare providers
and parents. Once parental consent was obtained, the chief investigator
or his delegate allocated the next box of study supplement to the
infant without knowledge of the contents of the box (probiotic or
placebo).

In the postoperative period, once baseline stool samples were collected,
infants were given trial supplements once daily until discharge. Trial
supplements were dissolved in 1.5 mL of expressed breast milk (EBM) or
sterile water (if EBM was not available) and administered via the feeding
tube or mouth. Supplementation was continued even when the infants did
not receive enteral feeds. If an infant was having continuous or
intermittent gastric suctioning, once the trial supplements were given,
suctioning was stopped for 3-4 h prior to recommencing.
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Feeding regimen of study infants

The standard policy of our unit is to commence PN within 48-72h of
admission for surgical infants who are unable to tolerate enteral feeds.
Enteral feeding with expressed breast milk were commenced as soon as
possible in the postoperative period (usually on postoperative day 2 and
advanced as tolerated), depending on the underlying surgical condition
and consensus opinion of neonatologists and surgeons. Infant formulae or
hydrolysed formulae are rarely used in our unit for surgical infants. None of
our study infants received donor breast milk because it was reserved for
preterm infants less than 32 weeks of gestation in our unit.

Stool sample collection, storage, and analysis

Stool samples were collected at four time points: (a) as soon as possible
after admission, but before commencing trial supplements (T1); (b) 1 week
(T2), and (c) 2 weeks after commencing supplements (T3); and (d) prior to
discharge (T4).

The samples were collected from the nappies into sterile microvials and
stored in the NICU at —20 °C for 3-4 days and subsequently at —80 °C. At
the completion of full recruitment, samples were shipped on dry ice to the
University of New South Wales (Sydney, Australia), where microbial analysis
was undertaken. Acidified samples were frozen at —20°C and shipped to
the School of Chemical and Biomedical Engineering, Nanyang Technolo-
gical University, Singapore, where SCFA analysis was performed.

The stool microbiota was assessed using the 16S ribosomal RNA gene
sequencing method (Supplementary File 1). Stool short-chain fatty acid
assay was performed according to our previously described method'?
with slight modifications (Supplementary File 1). The scientists who
conducted microbial and SCFA assays and their respective statistical
analyses were blinded to the randomisation groups. They conducted
statistical analyses of data from stool samples as group 1 versus group 2.
The trial pharmacist disclosed the groupings only after receiving all the
results through e-mail. This ensured adequate blinding of clinicians,
research teams, lab scientists, and statisticians throughout all stages of
the trial.

Primary outcome

The primary outcome was the sum of the relative abundance of potentially
pathogenic families of Clostridiaceae, Enterobacteriaceae, Enterococcaceae,
Pseudomonaceae, Staphylococcaeae, Streptococcaceae, and Yersiniaceae at
T3 using 16S ribosomal RNA gene sequencing methods. T3 was chosen as
the main time point of interest because 2 weeks is a reasonable duration of
supplementation to enable colonisation by the probiotic strains, and many
study infants will still be in the hospital.

Secondary outcomes

(1) Stool microbiota at T1, T2, and T4 time points; (2) SCFA levels at all time
points: (3) short-term clinical outcomes during initial stay in the NICU, such
as incidence of mortality, HAI, duration of antibiotics, PN, hospital stay,
time to reach full feeds after surgery, and physical growth. The z-scores for
weight, length, and head circumference at birth were calculated using the
Fenton growth charts*® and at discharge using the WHO charts®® through
the publicly accessible PediTools website of clinical calculators.?®

Statistical considerations

Sample size estimation. In a recent RCT, the sum of the relative
abundance of potentially pathogenic families such as Enterobacteriaceae,
Staphylococcaeae, Enterococcaceae, Clostridiaceae, and Streptococcaceae
was approximately 76% in the stools of infants with gastroschisis who
received placebo.”? Hence, we calculated that a total sample size of 60
infants (probiotic: 30, placebo: 30) would be required to demonstrate a
50% reduction of potentially pathogenic bacterial families from 76 to 38%
after 2 weeks of supplementation with probiotics with an alpha error of
0.05, and a power of 80%.

Statistical analysis of clinical data. Continuous data with normal distribu-
tion were summarised using mean and standard deviations (SD) and
compared using the two-sample t-test. Median, interquartile range (IQR),
and range were used to summarise data with skewed distribution and
compared using the Wilcoxon rank-sum test. Binary outcomes were
compared using the Fisher’s exact test. To compare the z-scores of physical
growth parameters at discharge versus birth, the matched pairs t-test was
used. For all analyses, a p value less than 0.05 was considered significant.
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Clinical data analysed on all 30 infants

Stool analysis:

T1: Baseline stool samples: 30

T2: After one week of supplementation: 28
T3: After two weeks of supplementation: 19
T4: After three weeks of supplementation: 12

Progressively decreasing number of stool
samples was due to discharge home

Clinical data analysed on all 31 infants
Stool analysis:

T1: Baseline stool samples: 31

T2: After one week of supplementation: 30
T3: After two weeks of supplementation: 20
T4: After three weeks of supplementation: 7

Progressively decreasing number of stool
samples was due to discharge home

Fig. 1 CONSORT flow diagram showing participant flow through the trial.

Statistical analysis for microbiological data. Analyses were conducted
with R version 3.6.0. For microbial richness, linear mixed model effects
(LME) test (MASS, Ime4, and ImerTest packages) was used to identify if
there were significant differences between the groups over time. In our
LME model, Subject ID was a random factor, while time and treatment
were used as fixed factors. Post hoc pairwise comparisons were
performed using Tukey’s HSD method to adjust for multiple compar-
isons. Wilcoxon rank-sum test with Benjamini-Hochberg correction to
adjust for multiple testing was used to identify differences between the
groups at the various time points.

For beta diversity, PERMANOVA was used to check if community
structures differed between the groups at the various time points
followed by pairwise.adonis test (https://github.com/bwemheu/pairwise.
adonis) for pairwise comparisons between the groups. P values were
adjusted for multiple testing using the Benjamini-Hochberg correction.

Taxa significantly different between the groups were identified at the
phylum, class family, and genus levels using analysis of the analysis of the
composition of the microbiome (ANCOM; v2.0).” ANCOM compares the log-
ratio abundance of each taxon among multiple groups to all the remaining
taxa. It uses the Kruskal-Wallis test to assess significant differences, with
multiple testing corrected by the Benjamini-Hochberg (BH) false discovery
rate. For this study, we accepted the W-statistic cutoff of 0.7 from the ANCOM
output to define taxa as significantly different. Pairwise comparisons in the
groups over time was then determined using our LME model. For pairwise
comparison of the taxa at T3, Wilcoxon rank-sum test with BH correction was
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used. For all microbiota and SCFA analysis an adjusted p value of <0.05 was
considered significant.

Statistical analysis of SCFA data. Wilcoxon's rank analysis with BH
correction was performed to compare SCFA concentrations between the
two groups (probiotics and placebo) at the different time points.

An independent data safety and monitoring committee (DSMC)
reviewed the data at 50% of recruitments and advised to continue the
study. The safety issues that arose during the early stages of the trial are
described in Supplementary File 1. The CONSORT checklist (Supplementary
File 2) was used to report the results of this RCT.2®

RESULTS

The study recruitment was completed in March 2020 after achieving
full sample size. A total of 61 infants were randomised to receive
either probiotics (n = 30) or placebo (n = 31). All infants received the
trial supplements as per original randomisation without any
crossovers. All infants were analysed as per the original assigned
groups. Figure 1 shows a CONSORT flow diagram. Table 1 presents
the clinical details of the study infants. The median gestational age,
birth weight, Apgar scores, cord pH, and lactate levels were similar
between the two groups. The incidence of maternal pregnancy-
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Table 1.

Gestation (weeks)

Birth weight (g)

Birth length (cm)

Birth head circumference (cm)
Maternal PIH

Maternal APH

Maternal diabetes

Maternal chorioamnionitis
Maternal intrapartum antibiotics
Caesarean

Apgar scores at 5 min

Cord pH

Cord lactates (mmol/L)

Major gastrointestinal conditions

CDH

Day of life, first stool sample
Day of life, second stool sample
Day of life, third stool sample
Day of life, fourth stool sample
Day of life consent was given

Day of life supplements were
commenced

Duration of
supplementation (days)

Clinical characteristics of study infants.

Probiotic (N = 30) Placebo (N=31) P value
38.1 (IQR: 37.1-39) (range: 35.1-41) 37.7 (IQR: 37.1-38.9) (range: 35.6-41.8) 0.675
2960 (IQR: 2570-3688) (range: 1885-4130) 2985 (IQR: 2570-3270) (range: 2000-3730) 0.531
50 (IQR: 47-51) (range: 40-57) 49 (IQR: 47-50) (range: 43-56) 0.623
33.7 (IQR: 32.5-35) (range: 31-37) 34 (IQR: 33-35) (range: 31-37.5) 0.820
0 1 (3%) 1.000
7 (23.3%) 0 0.005
1 (3.3%) 5 (16%) 0.20
0 0 NE
18 (60%) 20 (64%) 0.934
12 (40%) 22 (71%) 0.021
9 (IQR: 9-9) (range: 7-10) 9 (IQR: 8-9) (range: 6-10) 0.768
7.27 (IQR: 7.23-7.31) (range: 7.15-7.40) 7.28 (IQR: 7.23-7.33) (range: 7.1-7.36) 0.862
3.3 (IQR: 2.1-4.3) (range: 2-9.4) 3.8 (IQR: 2.4-5) (range: 1-8) 0.632
CDH: 7, gastroschisis: 7; OA with TOF: 5, CDH: 1, gastroschisis: 5; OA with TOF: 5, 0.166
imperforate anus: 1; CDO: 2; exomphalos:1; ileal imperforate anus: 6; CDO: 4, exomphalos: 1;
atresia: 2; JIA: 2; malrotation:1, meconium ileus: ileal atresia:1; JIA: 2; malrotation: 0, meconium
0; colon perforation: 1; HD: 1, duplication cyst: 0 ileus with CF: 2; colon perforation: 0; HD: 3,

duplication cyst: 1
7 1 0.026
6 (IQR: 5-6) (range: 2-17), N=30 6 (IQR: 3-9) (range: 1-25), N= 31 0.425
15.5 (IQR: 13-17.5) (range: 11-27), N=28 13 (IQR: 12-18) (range: 9-34), N =30 0.121
23 (IQR: 20-25) (range: 16-30), N=19 20 (IQR: 20-26) (range: 13-42), N=19 0.463
38.5 (IQR: 29.5-42) (range: 26-46), N=38 34 (IQR: 32-38) (range: 27-53), N=6 0.824
5 (IQR: 4-7) (range: 2-18) 5 (IQR: 3-7) (range: 2-25) 0.535
6.5 (IQR: 5-9) (range: 4-18) 7 (IQR: 5-11) (range: 3-26) 0.820
18.5 (IQR: 11-27) (range: 3-54) 16 (IQR: 10-22) (range: 4-58) 0.337

Bold values indicate statistical significance p < 0.05.
SVD spontaneous vaginal delivery, AVD assisted vaginal delivery, CS caesarean section, APH antepartum haemorrhage, PIH pregnancy-induced hypertension,
NE not estimable, QR interquartile range, NE not estimable, CDH congenital diaphragmatic hernia, CDO congenital duodenal obstruction, TOF tracheo-
oesophageal fistula, OA oesophageal atresia, JIA jejuno-ileal atresia, CF cystic fibrosis, HD Hirschsprung disease, QR interquartile range.

induced hypertension (PIH), chorioamnionitis, and peripartum
antibiotics was similar between the groups. The incidence of
antepartum haemorrhage (APH) was higher, and caesarean delivery
rates were lower in the probiotic group. The probiotic group had
more infants with congenital diaphragmatic hernia than the placebo
group. The median age at surgery was 2 days in both the groups.
The median age at commencement of supplementation was
approximately 7 days in both groups, and the duration of
supplementation was 16-18 days.

Results of microbial analysis

Of the 61 recruited infants, stool samples were available for 61, 58,
39, and 29 infants at time points T1, T2, T3, and T4, respectively.
The attrition in sample size was because 22 infants were
discharged home before completing 2 weeks of supplementation
(i.e., before reaching T3). We could not extend the trial beyond
March 2020 to recruit additional infants because of severe
restrictions that were implemented due to the COVID-19
pandemic during that period.

Alpha diversity (i.e., Richness and Shannon diversity index) was
comparable between the two groups at all time points (all p >
0.05; Fig. 2a). Similar results were obtained on Chaol and ACE
estimations (data not shown). Observed OTUs increased in both
groups over time and the probiotic group displayed significantly
increased bacterial richness at T4 compared to T1 (p = 0.015) and
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T2 (p<0.01; Fig. 2a). Beta diversity analysis revealed that both
groups had similar community structures at T1 (p = 0.807; Fig. 2b).
However, at T2, T3, and T4, the community structures of the
probiotic group were significantly different from those of the
placebo group (all p <0.05; Fig. 2b).

Comparisons at the bacterial phylum level. Actinobacteria, Bacter-
oidetes, Cyanobacteria, Firmicutes, and Proteobacteria were the
most common phyla in the stool samples (e-Fig.1A in Supplemen-
tary File 1). The median relative abundance of Actinobacteria was
significantly higher in the probiotic group than in the placebo group
at T3 (40.1% versus 0.1%; p < 0.0001) and at T2 and T4 (both p <
0.01; e-Fig. 1B in Supplementary File 1). Although the relative
abundance of Proteobacteria was similar between the two groups at
T3 (22.7% in probiotic versus 50.3% in placebo; p =0.27) and at
other time points (e-Fig. 2 in Supplementary File 1), the levels in the
probiotic group decreased over time, with T2 and T4 being
significantly different from T1 (p = 0.048 and p = 0.046, respectively).

Comparisons at the bacterial class level. The relative abundance
of Gammaproteobacteria between the two groups was similar at
all time points (e-Fig. 3 in Supplementary File 1).

Comparisons at the bacterial family level. The relative abundance
of the sum of potentially pathogenic families of Clostridiaceae,

SPRINGER NATURE
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Fig. 2 Alpha and Beta diversity at various time points in the stool samples of study infants. a Alpha diversity. Richness and the Shannon
diversity index were similar between the probiotic and placebo groups at all time points (all p>0.05). b Beta diversity as measured by
weighted unifrac by time point. At baseline, infants in the probiotic group had similar community structures to the placebo group (p = 0.807).
However, at subsequent time points T2, T3, and T4, the community structures of the probiotic group were significantly different from the

placebo group (all p < 0.05).

Enterobacteriaceae, Enterococcaceae, Pseudomonadaceae, Staphy-
lococcaceae, Streptococcaceae, and Yersineaceae were signifi-
cantly lower in the probiotic group compared to placebo at T3
[(median: 50.4 (IQR: 26.6-67.6) versus 67.1 (IQR 50.9-96.2); p =
0.044) and at T2 and T4 (p=0.006 and p =0.014, respectively;
Fig. 3a). Since there was a slight imbalance in the number of stool
samples between the probiotic (n=19) and placebo (n=20)
groups at T3, one sample from the placebo group was randomly
removed and the data were reanalysed. The results continued to
remain similar to the original analysis (p = 0.036).

The relative abundance of the family Bifidobacteriaceae was
significantly higher in the probiotic group at T3 [(median: 39.8
(IQR: 24.9-52.1) versus 0.03 (IQR 0.02-2.1); p < 0.001) and at T2 and
T4 (both p < 0.0071; Fig. 3b).

Comparisons at the bacterial genus level. The relative abundance
of the genus Bifidobacterium was significantly higher in the

SPRINGER NATURE

probiotic group at T2, T3, and T4 (all p<0.001; e-Fig. 4 in
Supplementary File 1).

Stool SCFAs: The total SCFA levels were higher in the probiotic
group than in the placebo group at T3 (p = 0.008; Fig. 4). Acetate
levels were higher in the probiotic group (e-Fig. 5 in Supplemen-
tary File 1). The butyrate levels were similar between the groups at
all time points except T2, when they were lower in the probiotic
group (e-Fig. 6 in Supplementary File 1). The propionate levels
were similar between the two groups at all time points (e-Fig. 7 in
Supplementary File 1).

Post hoc subgroup analysis based on the mode of delivery

Since the probiotic group had significantly lower rates of caesarean
section, we conducted a post hoc analysis separately for infants born
via caesarean section and through the vaginal route. The results
showed a significantly higher abundance of Bifidobacteriaceae in the

Pediatric Research (2022) 92:1122-1131
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probiotic group at T2, T3, and T4 (all p <0.001).

Total SCFA
T T2 T3 T4
p=0.16 p=0.89 p=0.0087 p=0.073
6000 6000 6000 6000
8 4000 ‘ 8 4000 8 4000 8 4000
o . o} @ @
8 8 g 8
2 g y E g
2 2 2 2
2 2 2 2
2000 2000 2000 2000
0 0 0 0
Placebo Probiotic Placebo Probiotic Placebo Probiotic Placebo Probiotic
B8 Placebo Bl Probiotic B8 Placebo B Probiotic B8 Placebo Bl Probiotic B8 Placebo B Probiotic

Fig. 4 Total SCFA levels in stools between probiotic and placebo groups at various time points. Total SCFA levels in stools were

significantly higher in the probiotic group at time point T3 (p = 0.008). At other time points, the differences between the two groups were not
statistically significant.

probiotic group, irrespective of the mode of delivery. However, the Clinical outcomes

beneficial effects of supplementation on SCFA levels were significant All participating infants survived. There were no significant
only in infants born by caesarean section. The relative abundance of differences between the groups in the incidence of HAI, duration
pathogenic families was not statistically significant in either mode of of antibiotics, PN, hospital stay, and time to reach full feeds after
delivery, even though the trend was in favour of probiotics (Table 2). surgery (Table 3). All routine clinical specimens (blood, urine, CSF,
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1128

P value

12

Median (IQR, range)

Placebo
N

Median (IQR, range)
9

Caesarean section
Probiotic
N

P value

6
74.2 (49.6-89.8)

Median (IQR, range)

Placebo
N

Median (IQR, range)
9

Vaginal delivery
N

Probiotic

Effect of probiotics supplementation at T3, based on route of delivery.

Effect of probiotics supplementation based on route of delivery

Table 2.

SPRINGER NATURE

0.39

58.4 (51.2-95.9)

49.1 (25.9-67.4) 0.37 52.5 (44.2-67.7)

Sum of relative abundance of potentially

pathogenic families at T3

0.001

0.03 (0.01-1.51)

33.7 (28.9-45.4)

0.049
0.18

0.05 (0.03-12.9)

42.8 (23.7-55.2)

Relative abundance of Bifidobacteriaceae at T3

0.034

1725 (IQR: 1092-2135);
range: 426-2723

2598 (IQR: 1588-2786);
range: 1399-3388

1529 (IQR: 1349-2208);

range: 723-2647

2254 (IQR: 1915-2668);
range: 1243-5152

Total SCFA levels at T3 (ung per gram of wet

faeces)

Bold values indicate statistical significance p < 0.05.
IQR interquartile range, SCFA short-chain fatty acid, T3 two weeks after commencing supplementation.

endotracheal secretions, wound swabs) from study infants were
analysed using aerobic and anaerobic culture methods. There
were no cases of infections due to the administered probiotics.

Physical growth outcomes

The z-scores for weight were significantly lower at discharge than
at birth in the probiotic and placebo groups (both p <0.0001;
e-Fig. 8 in Supplementary File 1). The degree of postnatal growth
restriction for weight was similar between the two groups (—0.93
in the probiotic and —0.79 in the placebo; p =0.486; Table 1,
e-Fig. 9 in Supplementary File 1). The zscores for head
circumference were lower at discharge than at birth in both the
probiotic and placebo groups (both p<0.0001; e-Fig. 10 in
Supplementary File 1). However, postnatal growth restriction for
head circumference was less severe in the probiotic group (p =
0.013; Table 1 and Fig. 5). The z-scores for length at discharge were
similar to those at birth in both the probiotic and placebo groups
(e-Fig. 11). The degree of postnatal growth restriction for length
was similar between the two groups (e-Fig. 12).

DISCUSSION

This pilot RCT found that after 2 weeks of supplementation with
the three-strain bifidobacterial probiotic, neonates with CGISC had
a lower relative abundance of potentially pathogenic bacterial
families, higher abundance of bifidobacteria, and higher SCFA
levels in their stools compared to placebo. Postnatal growth
restriction for head circumference was less severe in the probiotic
group than in the placebo group. Other clinical outcomes were
similar between the two groups. No infections related to the
administered probiotic organisms were observed. These results
provide reassurance regarding the use of this probiotic in
neonates with CGISC.

The only other RCT in neonates with surgical conditions was by
Powell et al,”? in which 24 infants with gastroschisis were
supplemented with Bifidobacterium longum subsp. infantis ATCC
15697 or placebo. In their study, the daily dose was 2 x 10° CFU
compared with 3 x 10° CFU in our study. Similar to their study, the
majority of our infants received breast milk as the sole source of
diet, trial supplements were commenced in the postoperative
period, and given for a median duration of 3 weeks. Similar to
their study, the relative abundance of Bifidobacteriaceae increased
to 40% after commencing supplements in the probiotic group and
remained at 3% in the placebo group.

In line with the recent literature, our study found that neonates
with CGISC develop postnatal growth restriction for weight and
head circumference.”?° Studies in preterm infants have reported
an association between postnatal growth restriction of the head
circumference and adverse developmental outcomes.>' 3 Hence,
it was reassuring that postnatal growth restriction for head
circumference was less severe in the probiotic group in our RCT.
Similar beneficial effects of probiotics on head circumference were
observed in extremely low birth weight infants in recent RCTs.>*3>

In our current RCT, SCFA levels were significantly higher in the
probiotic group at T3 than in the placebo group, mainly due to
elevated acetates. Even though the levels were also higher at T2
and T4, they were not statistically significant, probably because
infants would have received only 1 week of supplementation by
T2, whereas by T4, the sample size was very small. Bifidobacteria
are known to ferment HMOs and produce acetate as a by-
product.®® Bifidobacteria are not butyrogenic, and hence butyrate
levels were not elevated in the probiotic group in our study. While
it has been suggested that acetate and lactate produced by
bifidobacteria can be used as a substrate by other commensal
bacteria (cross-feeding)®” to produce butyrate, thereby increasing
its levels, this was not observed in our study.

The relative abundance of Proteobacteria, considered to be the
microbial signature of gut dysbiosis,*® was lower in the probiotic
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Table 3. Clinical course and outcomes of study infants.

Mortality

Healthcare-associated infections (HABSI or UTI or SSI or VAP or pleural
infection or peritonitis or meningitis or viral infection)

HABSI before commencing trial supplements

HABSI after commencing trial supplements

Duration of antibiotics before commencement of trial supplements (days)
Duration of antibiotics after\commencement of trial supplements (days)
Total duration of antibiotics (days)

Cholestatic jaundice
Sepsis due to the administered probiotic organism
Duration of PN (days)

EBM to commence feeds
Time to commence feeds after surgery (days)
Time to full enteral feeds after surgery (days)

Exclusive EBM at discharge
Use of formula milk
Duration of hospital stay (days)

Z-scores for weight at discharge minus at birth
Z-scores for head circumference at discharge minus at birth
Z-scores for length at discharge minus at birth

Bold values indicate statistical significance p < 0.05.

Probiotics Placebo P values
0 0 NE

4 (13.3%) 6 (19.3%) 0.731
0 1 (3%) 1.000
0 2 (6.5%) 0.492
5 (IQR: 4-7) (range: 2-10) 5 (IQR: 3-6) (range: 1-11)  0.336
3 (IQR: 0-6) (range: 0-31) 2 (IQR: 0-5) (range: 0-13)  0.305
9 (IQR: 4-13) 6 (IQR: 5-10) 0.312
(range: 2-34) (range: 1-22)

1 (3.3%) 1 (3.2%) 1.000
0 0 NE
13.9 (IQR: 9-24) 10.1 (IQR: 6.9-21.3) 0.246
(range: 0-46) (range: 0-58.7)

30 (100%) 28 (93.3%) 0.492
3 (IQR: 2-5) (range: 0-10) 2 (IQR: 1-4) (range: 0-9) 0.023
12 (IQR: 8-16) 9 (IQR: 6-15) 0.306
(range: 0-46) (range: 1-52)

24 (80%) 22 (71%) 0.554
6 (20%) 9 (29%) 0.554
27.5 (IQR: 16-37) (range: 20 (IQR: 13-31) 0.094
10-102) (range: 10-67)

—0.93 (SD 0.52) —0.79 (SD 1.00) 0.486
—0.20 (SD 0.63) —0.70 (SD 0.84) 0.011
—0.40 (SD 1.02) —0.14 (SD 1.20) 0.455

EBM expressed breast milk, NE not estimable, HABSI healthcare-associated bloodstream infections, UTI urinary tract infection, SS/ surgical site infection, VAP
ventilator-associated pneumonia, EBM expressed breast milk, /IQR interquartile range, NE not estimable, SD standard deviation.

Degree of postnatal growth restriction for head circumference

p=0.011

) -

Z scores at discharge mimus Z scores at birth
for head circumference

Placebo Probiotic

Fig. 5 Comparison of the degree of postnatal growth restriction
for head circumference in study infants. The degree of postnatal
growth restriction for head circumference was less severe in the
probiotic group than in the placebo group.

Pediatric Research (2022) 92:1122-1131

group than in the placebo group (22.7% versus 50.3%), but the
differences were not statistically significant. Studies with larger
sample sizes are needed to determine if this difference is real.

Although not statistically significant, hospital stay was longer in
the probiotic group (27 versus 20 days, p = 0.095). We speculate
that this was because the probiotic group had more infants with
complex conditions such as CDH and gastroschisis, and fewer
infants with imperforate anus.

It was reassuring that none of the infants developed infection due
to the administered bifidobacterial strains. There are case reports of
bifidobacterial sepsis in surgical infants and preterm infants without
surgical conditions.>**° Hence, ongoing microbiological surveillance
is important when conducting probiotic RCTs.

In our study infants, the use of exclusive breast milk dropped to
70-80% by discharge compared to 93-100% at birth. However,
the use of formula milk was similar between the two groups (20%
in the probiotic group versus 29% in the placebo group; p=
0.554). The common reasons for the use of formula milk were
inadequate production of breast milk and mother’s choice. Some
studies have suggested that probiotics are more effective in
infants who are breastfed rather than formula.*’* Given such
findings and overall benefits of breast milk, every effort should be
made to encourage breastfeeding and to express breast milk
during hospital stay and after discharge in these infants.

While our study did not specifically address the issue of cross-
contamination (aka cross-colonisation),** the relative abundance
of the genus Bifidobacterium in the placebo group was only 5% at
all time points T2-T4, versus 35-45% in the probiotic group.
Hence, even if there was cross-contamination, the load was not
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enough to allow them to colonise adequately in the placebo
group and, hence, unlikely to be clinically significant.

An important limitation of our study was the higher rates of
caesarean delivery in the placebo group. Infants born by caesarean
delivery are known to have a lower abundance of bifidobacteria in
the first few months of life.** In this context, it was reassuring to
know that even in subgroup analysis, the probiotic supplemented
group had higher bifidobacterial counts. Our findings are similar to
Frese et al.*® who reported that supplementation resulted in higher
colonisation with bifidobacteria, which persisted even after supple-
mentation was ceased, whether the infants were born vaginally or
by caesarean section.

Since many factors such as gestational diabetes,*”” mode of
delivery,® intrapartum antibiotics**° and maternal probiotics®'~3
can affect neonatal gut microbiota, it is difficult to achieve a balance
between the two groups for all such variables in small RCTs. Future
studies should consider using the technique of “allocation by
minimisation”>* to ensure adequate balance. In addition to maternal
factors, important neonatal variables to be balanced include
gestational age® and underlying surgical conditions. Since the type
of milk used (breast milk versus cow’s milk based versus hydrolysed
formula) can influence gut microbiota,*® standardising their feeding
regimen is desirable, but may not be feasible, given that multiple
factors can influence milk production and its content. One option is
to use pasteurised human donor milk, but the quantity required will
be enormous because majority of these infants are born at term or
near term, rather than at an extremely preterm gestation, in whom
the quantity required is small. RCTs with large sample size have the
potential to minimise the risk of imbalance in two groups regarding
the type of milk used and other variables.

Another limitation of our study was that 16S rRNA gene
sequencing allowed the allocation of reads only up to the genus
level. Hence, it was not possible to confirm whether the increase
in the relative abundance of Bifidobacterium in the probiotic group
was due to the administered strains. A whole-metagenome
approach that provides species- and strain-level information
needs to be incorporated in future studies. Another limitation of
the study was that stool samples from only 39 of the 61 study
infants were available for analysis at T3, because others were
discharged home by then.

While surgical conditions included in our RCT were hetero-
geneous, all of them had common issues such as feed intolerance,
need for PN, and risk of infections. Hence, we decided to include
all types of gastrointestinal surgical conditions in this pilot RCT.
Another reason was because it would have taken at least 7-9
years to achieve the sample size of 60 if we had conducted it in a
single surgical condition (for example, our unit admits only 10
cases of gastroschisis per year).

There is some observational evidence from adult literature that
maltodextrin may lead to adverse health outcomes secondary to
alterations in gut microbiota.>” In our RCT, the probiotic supplement
contained probiotic organisms and maltodextrin, whereas placebo
was only maltodextrin. Hence, any effect of maltodextrin on gut
microbiota would have occurred in both placebo and probiotic
groups. To evaluate the effects of maltodextrin (at the small dose of
1 gram per day as used in our trial) on gut microbiota, prospective
cohort studies comparing gut microbiota in healthy breastfed
infants receiving maltodextrin versus healthy breastfed infants are
needed.

The important strengths of our study are as follows: (a) It is the
first RCT to evaluate the efficacy and safety of the three-strain
bifidobacterial supplementation in CGISC in neonates and (b) all
study infants had baseline stool samples prior to commencing
supplements.

The current pilot RCT found that the degree of postnatal
growth restriction of head circumference was less severe in the
probiotic supplemented group than placebo. Hence, one could
hypothesise that probiotic supplemented group will have better

SPRINGER NATURE

neurodevelopmental outcomes. Our recent retrospective study®°
with a sample size of 400 found the incidence of suboptimal
neurodevelopmental outcomes (SNDO) to be 16% in term and near-
term neonates with CGISC. A sample size of 516 infants (258 in each
arm) will be required to have 80% power at the two-sided 5%
significance level to detect a 50% difference in the primary outcome
(16% in controls and 8% in the probiotic group). Since nearly 30% of
them are expected to be discharged home even before completing
2 weeks of supplementation, the sample size should be increased by
another 154, and hence the final sample size will be around 670
infants. With such a large sample size, baseline frequencies of
potential confounders such as gestational age, maternal antibiotics,
maternal probiotic usage, mode of delivery, severity of illness and
type of milk feeds are expected to be balanced between the two
groups. Involvement of multiple centres will be crucial to achieve
this sample size within a reasonable time period of 24-36 months.
In summary, this pilot RCT found that after 2 weeks of
supplementation with the three-strain Bifidobacterium, neonates
with CGISC had a lower relative abundance of potentially
pathogenic bacterial families, higher abundance of Bifidobacter-
ium, and higher SCFA levels in their stools. Larger studies with
clinical endpoints and long-term follow-ups are necessary.
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