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Our pilot RCT found that probiotic supplementation with the three-strain bifidobacterial product (B. breve M-16V, B. longum subsp.
infantis M-63 and B. longum subsp. longum BB536) attenuates gut dysbiosis, increases stool short-chain fatty acid (SCFA) levels and
improves the growth of head circumference in neonates with congenital gastrointestinal surgical conditions (CGISC). In this article,
we have provided guidelines for designing future multicentre RCTs based on the experience gained from our pilot RCT. The
recommendations include advice about sample size, potential confounders, outcomes of interest, probiotic strain selection, storage,
dose, duration and microbial quality assurance, collection of stool samples, storage and analysis and reporting. Following these
guidelines will increase the validity of future RCTs in this area and hence confidence in their results.
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IMPACT:

● Probiotic supplementation attenuates gut dysbiosis, increases stool short-chain fatty acid (SCFA) levels and improves the
growth of head circumference in neonates with congenital gastrointestinal surgical conditions.

● The current review provides evidence-based guidelines to conduct adequately powered RCTs in this field.

BACKGROUND
Our pilot randomised controlled trial (RCT)1 found that
supplementation with the three-strain probiotic containing
Bifidobacterium breve M-16V, Bifidobacterium longum subsp.
infantis M-63 and Bifidobacterium longum subsp. longum BB536
attenuates gut dysbiosis and increases faecal short-chain fatty
acid (SCFA) levels in neonates with congenital gastrointestinal
surgical conditions (CGISCs). The head circumference growth
was better in the probiotic group. While the results were in
favour of probiotics, there were areas of uncertainty due to the
following reasons:

(a) Caesarean section2,3 rates were higher in the placebo group
(70 versus 40%), whereas the incidence of congenital
diaphragmatic hernia was higher in the probiotic group
(23 versus 3%).

(b) The relative abundance of proteobacteria, considered the
signature of dysbiosis,4 was not significantly different
between the two groups after 2 weeks of supplementation
(22.7% in probiotic versus 50.3% in placebo; p= 0.27).

(c) Being a pilot RCT, the study was not powered to identify
clinically significant differences between the groups.

Based on the experience gained from our pilot RCT,1 we make
the following suggestions for designing future RCTs to overcome
the above uncertainties. Some of the suggestions are general and
could be used for probiotic RCTs in other population such as
preterm infants for prevention of necrotising enterocolitis (NEC).

SAMPLE SIZE
Our pilot RCT found that the head circumference growth was
better in the probiotic group.1 Hence, one could hypothesise that
the probiotic supplemented group will have better neurodevelop-
mental outcomes. Our retrospective study5 with a sample size of
400 found the incidence of suboptimal neurodevelopmental
outcomes to be 16% in term and near-term infants 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 infants are expected to
be discharged home before completing 2 weeks of supplementa-
tion, the sample size should be increased by another 154, and
hence the final size will be 670 infants. The involvement of
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multiple centres will be crucial to achieving this sample size within
a reasonable time period.
The results of our pilot RCT1 also provide the data for estimating

the sample sizes for RCTs primarily aimed to compare the stool
bacterial community structures between the probiotic and
placebo groups. The SIMR package6 allows users to calculate
sample sizes and conduct power analysis for longitudinal studies.
For studies comparing beta-diversity, micropower package7 can
be used as it calculates sample sizes using pairwise distance and
permutational multivariate analysis of variance. It is essential to
involve bioinformaticians to ensure appropriate methods for
power and sample size calculations and plan the statistical
techniques for analyses based on the study hypothesis and
design.8–10

INCLUSION CRITERIA
Our pilot RCT1 focussed on late preterm and term infants with
CGISC to avoid the confounding effect of extreme prematurity on
gut microbiota. Future RCTs, if of adequate sample size, could
include even very preterm (<32 weeks) and extremely preterm
(<28 weeks) infants with CGISC. With a large sample size, baseline
characters, including gestational age, are expected to be similar
between the study groups. Probiotic supplementation is safe and
beneficial even in extremely preterm infants without surgical
conditions and reduces the risk of NEC, feed intolerance, and late-
onset sepsis.11–15

RANDOMISATION
Since our pilot RCT1 had a small sample size of 60 infants, we used
computer-generated random sequence numbers in random
blocks of two and four to ensure that an equal number of infants
receive probiotics or a placebo. However, this method did not
minimise the chance of unequal distribution of essential
confounders (e.g. mode of delivery and severity of the surgical
condition), which can affect the gut microbiota.
Therefore, future studies should consider using “treatment

allocation by minimisation”16 or “rank minimisation”17 to achieve
balance, especially if the sample size is small. The involvement of
clinical epidemiologists at a very early stage of trial protocol is
crucial to achieving the ideal design for the trial, including the
randomisation method.
Factors such as gestational diabetes,18 mode of delivery,3

intrapartum antibiotics19–21 and maternal probiotics,22–24 gesta-
tional age25 and underlying surgical conditions that can affect the
neonatal gut microbiota need to be balanced between the
probiotic and placebo groups. Since the type of milk used (breast
milk versus cow’s milk-based versus hydrolysed formula) can
influence gut microbiota,26 standardising their feeding regimen is
desirable but unlikely to be feasible, given that multiple factors
can affect milk production and mother’s choice and clinicians’
opinions.

SELECTION OF PROBIOTIC PRODUCT
So far, only two pilot RCTs have evaluated probiotics in neonates
with CGSC. The first study was by Powell et al., who reported that
daily administration of the single-strain probiotic B. longum subsp.
infantis (2 × 109 colony-forming unit (CFU) per day) resulted in
partial attenuation of gut dysbiosis in neonates with gastro-
schisis.27 The second RCT was ours,1 in which the multi-strain
probiotic product, a mixture of B. breve M-16V, B. longum subsp.
infantis M-63 and B. longum subsp. longum BB536 (1 × 109 of each
strain per sachet; Morinaga Milk Industry Co, Japan) was safe and
effective in improving gut microbiota and SCFA levels. We found
the study sachets (probiotics and placebo) free of harmful bacteria
by conducting regular microbial analyses on random sachets.

Future RCTs in neonates with CGISC could consider using this
product or the strain used by Powell et al.27 In the other small RCT
currently being conducted in Canada (ClinicalTrials.gov identifier
NCT03266315), 20 newborn infants with CGSCs will be rando-
mised to receive the multi-strain product FloraBabyTM, a mixture
of bifidobacteria and lactobacilli strains. It is essential to wait for
the results of that study before conducting multicentre RCTs using
that product in neonates with CGISC.
While many other probiotic products are safe and effective in

preterm infants without surgical conditions, it is essential to test
them in pilot RCTs in neonates with CGISCs before considering
them in large multicentre RCTs. This is because, unlike preterm
infants without CGISCs, neonates with CGISC undergo contrast
dye studies, laparotomies, get exposed to general anaesthetics
and some of them receive bowel enemas/suppositories, all of
which could influence the effects of the administered probiotics.
Another factor to consider is the safety of supplemented

probiotics, especially the potential for translocation and causing
sepsis. Unlike preterm infants without surgical problems, neonates
with CGISC undergo laparotomy. Hence, there is a risk that the
administered live probiotic bacteria could spill over into the
peritoneal cavity and systemic circulation resulting in sepsis and
seeding in various organs. While infants in our pilot RCT1 or Powell
et al.27 did not experience such a complication, a large sample size
study would be needed to ensure safety.
In that context, it is also reassuring that infection due to

administered probiotic organisms is infrequent even among
extremely preterm infants and can be treated with antibiotics.
Sakurai et al.28 reported that bifidobacterial bacteraemia occurred
in 6 out of 298 neonates (i.e. 2%), but none had severe illnesses
due to bacteraemia. They speculated that the reason behind the
high incidence of B. breve bacteraemia in their cohort was rigorous
laboratory methods.
Alternatives to probiotics such as prebiotics29,30 and para-

probiotics (dead probiotic bacteria)31 that are unlikely to carry the
risk of probiotic sepsis should also be tested in future RCTs.

DOSE OF PROBIOTIC SUPPLEMENTS
To our knowledge, there are no dose-finding studies in neonates
with surgical conditions. There are two studies evaluating the dose
response32,33 and one study on dose interval34 of probiotics on
colonisation rates in preterm infants.
Dutta et al.32 randomly allocated 149 preterm infants to groups

A–D (received 12-hourly probiotic supplements of 1010 cells for
21 days, 1010 cells for 14 days, 109 cells for 21 days and placebo,
respectively). They reported that colonisation with Lactobacillus
and Bifidobacterium by day 28 was significantly higher in groups
A, B, and C versus placebo, respectively. They also reported that
there were trends toward more CFU of Lactobacillus and
Bifidobacterium per ml of stool in group A versus B and group
B versus C.
Underwood et al.33 randomly allocated 12 preterm infants

receiving formula feedings to receive either B. infantis or B. lactis in
increasing doses over a 5-week period. The dose was 5 × 107,
1.5 × 108, 4.5 × 108, 1.4 × 109, 4.2 × 109, at weeks 1, 2, 3, 4 and 5,
respectively. There was a greater increase in faecal bifidobacteria
among infants receiving B. infantis than those receiving B. lactis.
This difference was most marked at a dose of 1.4 × 109 CFU twice
daily. Relative abundance of bifidobacteria declined with increas-
ing dosage over time/dose in the B. lactis group and showed a
statistically nonsignificant trend towards increase in the B. infantis
group. It shows that the colonisation response is not only
dependent on the dose but also on the strain.
Watkins et al.34 investigated the appropriate dosing interval of a

dual strain probiotic given daily (n= 8), biweekly (n= 8) and
weekly (n= 10) in preterm infants <32 weeks’ gestation. The
control group consisted of 12 preterm infants who did not receive
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the probiotic. Bifidobacterium bifidum (1 × 109 CFU) and Lactoba-
cillus acidophilus (1 × 109 CFU), was administered (2 × 109 CFU of
bacteria in total), until 34 weeks postmenstrual age (PMA). Stool
samples were collected at 31, 34, 41 and 44 weeks PMA. At all ages
assessed, colonisation levels of administered probiotic organisms
were higher in the once daily group. They concluded that a daily
dose is a suitable dosage for preterm infants.
Given that there is insufficient evidence regarding the dose of

probiotics, dose-finding studies with the chosen strain/s need to
be conducted prior to embarking on large RCTs.
Our study1 used a total of 3 billion probiotic organisms per day

(3 × 109 CFU), whereas Powell et al.27 had used 2 billion probiotic
organisms per day (2 × 109 CFU). Powell et al.27 reported partial
attenuation of gut dysbiosis after probiotic supplementation,
whereas our study showed a higher attenuation level. Hence, it
provides indirect evidence that a dose of at least 3 × 109 CFU
per day could be used in future RCTs. Doses higher than 3 × 109

CFU per/day may offer further benefits but need to be tested in
dose-finding studies initially (for example, 3 × 109 versus 4 × 109

versus 5 × 109 versus 6 × 109). Smaller quantities <1 billion (i.e.
<1 × 109) CFU may not be enough to colonise the gut adequately,
limiting their effectiveness.35,36

STORAGE OF PROBIOTICS/PLACEBO SACHETS
We stored the main stock of probiotic/placebo sachets in the trial
pharmacy department in the refrigerator at 2–8 °C. To enable ease
of access, at least five such sequentially numbered boxes were
kept in the automated dispensing machine (ADM) within the
neonatal intensive care unit (NICU) at refrigerator temperatures of
2–8 °C. Once parental consent was obtained, the box next in order
was labelled with the Unique Medical Record Number sticker of
that infant, thereby declaring that particular package belongs to
that infant for the entire hospital stay. Each day, one sachet from
that box was taken out from the ADM by the nurses and
administered to that particular infant. A similar approach could be
undertaken in future RCTs. Keeping the trial supplements at room
temperatures may affect their viability and longevity.

TIMING OF STARTING THE TRIAL SUPPLEMENTS
In our study,1 trial supplements were commenced predominantly
in the immediate postoperative period. The main reason for the
delay was difficulty collecting baseline stool samples for reasons
discussed earlier. In our RCT and the RCT by Powell et al., probiotics
were commenced in the immediate post-operative period and
found it to attenuate dysbiosis. The majority of the studies
involving adults who underwent gut surgeries found benefits of
probiotics when administered in the preoperative period.37 To
obtain maximum benefit, the best time to commence probiotics is
probably in the pre-operative period, but collection of stool
samples before starting probiotics may not be feasible in all cases.

ADMINISTRATION OF PROBIOTICS WHILE INFANTS ARE FED
NIL-ENTERALLY
We administered the study supplements even when the infants
were fed nil-enterally and found no side effects.1 Waiting until
enteral feeds are commenced may decrease the efficacy of
probiotics by delaying their gut colonisation. Considering the
small dose volume and low osmolarity (320–350mOsm/l) when
reconstituted in expressed breast milk,38 it is reasonable to start
the supplement even if the infant is fed nil-enterally.

WHEN TO WITHHOLD SUPPLEMENTATION
In our study,1 we continued supplementation even when infants
were critically ill as long as there were no significant abdominal

symptoms. We suggest that supplements only be withheld if there
is a gut perforation or suspicion of abdominal compartment
syndrome with a distended, firm and tender abdomen to
minimise the risk of gut translocation by the supplemented
probiotic organisms.

CARE IMMEDIATELY AFTER ADMINISTERING THE TRIAL
SUPPLEMENTS
We administered the trial medication as a single daily dose for
convenience. Many infants with CGISC will have nasogastric tubes
(NGTs) on free drainage or suction for gastric decompression. We
clamped the NGT for at least 1 h and preferably 3–4 h to prevent
the retrograde flow of the administered probiotics/placebo into
the free-drain container.27

HAND HYGIENE PRECAUTIONS
Rigorous hand hygiene needs to be followed to prevent the risk of
cross-contamination. While our pilot RCT1 did not specifically
address the issue of cross-contamination (aka cross-colonisa-
tion),39 we were reassured that the relative abundance of the
genus Bifidobacterium in the placebo group was only about 5% at
all time points T2–T4. In contrast, it was around 35–45% in the
probiotic group. Hence, even if there was cross-contamination, the
load was not enough to allow them to colonise adequately and,
therefore, unlikely to be clinically significant.
The relative abundance of 5% for the genus Bifidobacterium in

the placebo arm after 2 weeks of supplementation and also prior
to discharge in our study1 was lower than the Australian
PROPREMS trial in preterm infants, in which it was 17.5% (SD
27.4) in the placebo group and 36.4% (32.5) in the probiotic
group.40 The UK PIPS trial41 in preterm infants (non-surgical)
reported high cross-colonisation rates because 49% of infants in
the placebo group were colonised (culture positive) with the
administered strain. However, they did not report on the relative
abundances, and hence it is difficult to know if such cross-
colonisation impacted the clinical outcomes of the trial.41 Future
studies should report cross-colonisation rates and relative
abundances from study infants.
NICU environmental contamination (refrigerator doors, tele-

phone receivers, infant cots, monitors) with the administered
probiotic organism is possible and may result in cross-colonisation
of infants receiving placebo.39,42 Further research is needed to
confirm if such risk may be lessened if the preparation is done off-
site from the NICU environment.
Some researchers have recommended that future multicentre

studies may have to adapt a cluster RCT design to overcome the
issue of cross-contamination.41 Irrespective of whether the trial
design is conventional or a cluster RCT and whether the
supplements are prepared in the NICU are off-site, strict hand
hygiene is essential while handling them and caring for neonates.

MEDICATION RECONCILIATION
Our method was to record doses administered, omitted and
wasted sachets. It was matched against the number of unused
sachets in the package after it was collected by the trial
pharmacists when the infant had completed the intervention.

SAFETY OF PROBIOTICS
Researchers need to inform the parents and research ethics
committees that probiotics are live bacterial organisms, and there
are reports of sepsis due to the administered probiotic
organism.43–49 However, researchers should also reassure parents
that most cases of probiotic sepsis were successfully treated by
antibiotics.28,43 In addition, it is essential to inform parents that 63
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RCTs, 30 observational studies and many meta-analyses including
the Cochrane review have found probiotics to be safe in preterm
(non-surgical) infants.11–15,35,50–56 Our pilot RCT1 and the RCT by
Powell et al.27 found probiotics to be safe in neonates with CGISC.
The only published case report of mortality after probiotic
supplementation in a preterm (non-surgical) infant was because
of contamination of the product.57 Independent assessment of the
product quality is of paramount importance,58 and probiotics
should be free of contaminants and from companies with a high
safety track record.

ONGOING MICROBIOLOGICAL QUALITY ASSURANCE
Having a well-resourced microbiology laboratory is essential for any
centre planning to conduct RCT of probiotics.58 It is crucial to
conduct microbial analysis of random sachets of study supplements
to rule out the presence of harmful pathogens and to check viability
and colony counts of the probiotic strain. All routine clinical
specimens (blood, urine, cerebrospinal fluid, endotracheal secre-
tions, wound swabs) from study infants should be analysed using
culture methods to enable diagnosis of infections due to
supplemented probiotic organisms. As per our standard practice
for routine clinical care, we used the Becton Dickinson BACTEC™
PEDS PLUS™/F Medium aerobic blood culture bottles with incuba-
tion monitored in the Bactec 9120 system.59 No special culture
bottles were used for the study. Our laboratory’s automated blood
culture system detects bifidobacteria (if present) within the standard
5-day (120 h) incubation period. While some studies have shown
that, if incubation in aerobic culture bottles is ceased after 120 h, a
few cases of bifidobacterial bacteraemia could be missed,28 we
decided to restrict to 120 h because going beyond that period
would require larger capacity size incubators. The other issue if
incubation goes beyond 120 h is the likely recovery of slow-growing
contaminant organisms, which can affect the clinical interpretation
of the results. On the other hand, incubation of <120 h will miss
many cases and hence cannot be recommended.

COLLECTION OF STOOL SAMPLES
In our study,1 we collected stool samples into 0.5 ml sterile micro-
tubes (sarstedt.com). If the sample is collected in a different
container and subsequently transferred to the micro-tubes, there
is a risk of microbial contamination. We used sterile wooden
spoons to scoop fresh samples from the nappies (diapers) of study
infants. There were many challenges during the collection of stool
samples. (a) Since the nappies are checked only once in 3–4 h, in
many cases, stools had dried up by then. (b) Watery stools got
absorbed into the nappies, so the collection was impossible. (c)
Delayed passage of meconium and infrequent stooling in the pre-
operative and immediate post-operative periods due to intestinal
obstruction, postoperative ileus, and the use of morphine/
fentanyl. (d) Use of radio-contrast enema or upper GI contrast
for diagnostic purposes. If stool samples are collected after the
contrast study, it will not represent the actual gut microbiota of
the infant. (e) Missed opportunity to collect samples because most
infants pass only one stool in the pre-operative period and none
until 3–5 days in the post-operative period. Hence, extra vigilance
and cooperation by the bedside nurses are essential to ensure the
timely collection of stool samples.
A recent study found rectal swabs correlated well with the

simultaneously collected faecal samples in neonates.60 In contrast,
a similar study in critically ill adults reported systematic differences
in gut microbial profiles between simultaneously collected rectal
swabs and stool samples.61 Further studies are needed to confirm
the reliability of rectal swabs for microbial analysis. Such studies
should also evaluate the effect of collection mode on stool SCFA
levels.

LABELLING OF STOOL SAMPLES
Accurate labelling of the micro-tubes is essential to maintain the
integrity of the data. They could be labelled the samples as follows
if the total sample size is 100–999:
The first three digits to represent the study number of the

infant, the second two digits refer to the sample number and
subsequent alphabets represent the purpose of the sample.
Example: 003-01-DNA means study infant number 3, first stool

sample (i.e. before commencing supplements), and the sample is
for DNA sequencing.
003-01-SCFA means study infant number 3, stool sample before

commencing supplements, and the sample is for SCFA analysis.

STORAGE OF STOOL SAMPLES
In our study,1 we stored the samples in a −20 °C freezer
immediately after collection and subsequently transferred them
in a cold portable cooler for final storage at −80 °C within next 96
h. While rapid freezing to −80 °C is considered the best practice, it
is not feasible even in the most resourceful settings. On the other
hand, storing the samples at room temperatures is not
recommended as it is known to lower Shannon diversity and
evenness.62 It is suggested that the samples should be preserved
at −20 °C within 15min after collection and then transferred on
dry ice within 24 h of collection and stored at −80 °C thereafter.10

Recent studies have shown that specific commercially available
reagents allow for stool samples collection, preservation and
storage at ambient temperatures for longer periods.63 Many
laboratories provide their vials to collect stool samples that have
DNA-preservation agents in the vials. Hence, it is important to
discuss with the laboratory at the protocol stage of the RCT. It is
also essential to ensure that the sample preservation and storage
methods are consistent across all samples to minimise variations
in results.10,62,64

SHIPPING OF STOOL SAMPLES
Given that stool samples are biological specimens, only accredited
couriers should be used for shipping such samples. Maintaining a
cold chain at −80 °C using dry ice is essential, especially while
sending the samples that do not contain preservation media.
Transportation logistics, including temperatures, need to be
discussed with the receiving laboratory well in advance.

METHOD OF ANALYSING STOOL SAMPLES FOR GUT
MICROBIAL DATA
There are excellent guidelines on the best approaches for
analysing microbial data.65 Briefly, the methods used in micro-
biome research include amplicon, metagenomic and metatran-
scriptomic sequencing. The amplicon sequencing involves the 16S
rRNA gene sequencing for bacteria. It is relatively inexpensive, but
the analysis is limited to genus-level taxonomic resolution. On the
other hand, the metagenomic sequencing method sequences all
microbial genomes (DNA) within a sample. It extends the
taxonomic resolution to species or strain level. If there is adequate
funding, metagenomic sequencing is preferred. Metatranscrip-
tomics uses RNA sequencing to profile transcription in micro-
biomes, providing information on gene expression and the active
functional output of the microbiome. It gives better insight into
the functional activity of a microbial community. The pros and
cons of each method are well described by Knight et al.65 It is
important to decide whether to limit to 16s ribosomal RNA gene
sequencing or metagenomics during the early stages of protocol
development in collaboration with the laboratory scientists. Even
if the aim is to restrict to the former, it is helpful to collect
additional stool samples and store them at −80 °C so that
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metagenomic sequencing can be undertaken in future when
funding becomes available.

METHOD OF ANALYSING STOOL SAMPLES FOR SCFA
SCFAs are produced mainly by intestinal microbiota and play an
important role in many biological processes in humans. Gas
chromatography–mass spectrometry66–68 is the commonly used
method for SCFA assay. Alternative methods are high-
performance liquid chromatography, nuclear magnetic resonance
and capillary electrophoresis.69

Since SCFAs are volatile, keeping the stool samples in
appropriate conditions after collection is important. Samples are
usually kept at −80 °C, although many researchers have success-
fully used −20 °C.69 It is important to screw the lid tight and not
open it until it reaches the laboratory for analysis. The stool
samples for SCFA analysis should be collected in vials separate
from those used for microbial analysis.

ENSURING BLINDING OF THE DATA
It is important to ensure blinding of the group allocation till the
full results are available. Only the trial pharmacist or a similar
professional with no vested interest in the project should know
which sachets are probiotic and placebo. When the stool samples
are sent to laboratories for microbial and SCFA analyses, they
should be labelled as groups 1 and 2 to enable comparison
without disclosing the groups. Clinical data also should be
collected and compared as group 1 and group 2. Only in the
end, unblinding should be done by the trial pharmacist.
Once the analysis comparing the microbiota of group 1 versus

group 2 is completed, the bioinformatician may be able to guess
group allocations (even when blinded) if the relative abundance of
the supplemented bacteria is higher in one group. If researchers
and statisticians assessing clinical outcomes become aware of
those results, bias might be introduced. Hence statistical analysis
of clinical data must be done by people who are blinded to the
results of the microbial analysis and vice versa. This is especially
important when the primary outcome of interest is clinical (sepsis,
mortality, duration of hospital stay, time to full feeds,
neurodevelopment).

DATA SAFETY AND MONITORING BOARD (DSMB)
Establishing a DSMB is essential before recruitment into the RCT.70

The charter should have pre-defined stopping rules both for
efficacy and safety. While p values around stopping rules are
essential, they should not be the sole criteria while deciding
whether the trial should continue or stop.

REPORTING
Reporting metagenomic analysis of stool samples should follow
the recently published STROBE-Metagenomics guidelines.71 Given
that the study design will be an RCT, CONSORT guidelines help
report clinical outcomes.

CONCLUSIONS
In summary, following these guidelines will increase the validity of
future RCTs in this area, hence confidence in their results.

DATA AVAILABILITY
Data sharing is not applicable to this article as no data sets were generated or
analysed during the current study.

REFERENCES
1. Rao, S. et al. Probiotic supplementation in neonates with congenital gastro-

intestinal surgical conditions: a pilot randomised controlled trial. Pediatr. Res.
https://doi.org/10.1038/s41390-021-01884-x (2022).

2. Musilova, S., Rada, V., Vlkova, E., Bunesova, V. & Nevoral, J. Colonisation of the gut
by bifidobacteria is much more common in vaginal deliveries than caesarean
sections. Acta Paediatr. 104, e184–e186 (2015).

3. Shaterian, N., Abdi, F., Ghavidel, N. & Alidost, F. Role of cesarean section in the
development of neonatal gut microbiota: a systematic review. Open Med. 16,
624–639 (2021).

4. Shin, N. R., Whon, T. W. & Bae, J. W. Proteobacteria: microbial signature of dys-
biosis in gut microbiota. Trends Biotechnol. 33, 496–503 (2015).

5. Batta, V. et al. Early neurodevelopmental outcomes of congenital gastrointestinal
surgical conditions: a single-centre retrospective study. BMJ Paediatr. Open 4,
e000736 (2020).

6. Green, P. & MacLeod, C. J. Simr: an R package for power analysis of generalized
linear mixed models by simulation. Methods Ecol. Evol. 7, 493–498 (2016).

7. Kelly, B. J. et al. Power and sample-size estimation for microbiome studies using
pairwise distances and Permanova. Bioinformatics 31, 2461–2468 (2015).

8. La Rosa, P. S. et al. Hypothesis testing and power calculations for taxonomic-
based human microbiome data. PLoS ONE 7, e52078 (2012).

9. Xia, Y., Sun, J. & Chen, D.-G. in Statistical Analysis of Microbiome Data with R
129–166 (Springer, 2018).

10. Qian, X. B. et al. A guide to human microbiome research: study design, sample
collection, and bioinformatics analysis. Chin. Med. J. 133, 1844–1855 (2020).

11. Bi, L. W., Yan, B. L., Yang, Q. Y., Li, M. M. & Cui, H. L. Probiotic strategies to prevent
necrotizing enterocolitis in preterm infants: a meta-analysis. Pediatr. Surg. Int. 35,
1143–1162 (2019).

12. Hagen, P. C. & Skelley, J. W. Efficacy of Bifidobacterium species in prevention of
necrotizing enterocolitis in very-low birth weight infants. a systematic review. J.
Pediatr. Pharmacol. Ther. 24, 10–15 (2019).

13. Sato, R., Malai, S. & Razmjouy, B. Necrotizing enterocolitis reduction using an
exclusive human-milk diet and probiotic supplementation in infants with 1000-
1499 gram birth weight. Nutr. Clin. Pract. 35, 331–334 (2020).

14. Singh, B. et al. Probiotics for preterm infants: a national retrospective cohort
study. J. Perinatol. 39, 533–539 (2019).

15. Meyer, M. P. et al. Probiotics for prevention of severe necrotizing enterocolitis:
experience of New Zealand neonatal intensive care units. Front. Pediatr. 8, 119
(2020).

16. Altman, D. G. & Bland, J. M. Treatment allocation by minimisation. BMJ 330, 843
(2005).

17. Stigsby, B. & Taves, D. R. Rank-minimization for balanced assignment of subjects
in clinical trials. Contemp. Clin. Trials 31, 147–150 (2010).

18. Crusell, M. K. W. et al. Comparative studies of the gut microbiota in the offspring
of mothers with and without gestational diabetes. Front. Cell. Infect. Microbiol. 10,
536282 (2020).

19. Zimmermann, P. & Curtis, N. Effect of intrapartum antibiotics on the intestinal
microbiota of infants: a systematic review. Arch. Dis. Child. Fetal Neonatal Ed. 105,
201–208 (2020).

20. Nogacka, A. et al. Impact of intrapartum antimicrobial prophylaxis upon the
intestinal microbiota and the prevalence of antibiotic resistance genes in vag-
inally delivered full-term neonates. Microbiome 5, 93 (2017).

21. Wong, W. S. W. et al. Prenatal and peripartum exposure to antibiotics and
cesarean section delivery are associated with differences in diversity and com-
position of the infant meconium microbiome. Microorganisms 8, 179 (2020).

22. Dotterud, C. K. et al. Does maternal perinatal probiotic supplementation alter the
intestinal microbiota of mother and child? J. Pediatr. Gastroenterol. Nutr. 61,
200–207 (2015).

23. Gueimonde, M. et al. Effect of maternal consumption of lactobacillus gg on
transfer and establishment of fecal bifidobacterial microbiota in neonates. J.
Pediatr. Gastroenterol. Nutr. 42, 166–170 (2006).

24. Zaidi, A. Z., Moore, S. E. & Okala, S. G. Impact of maternal nutritional supple-
mentation during pregnancy and lactation on the infant gut or breastmilk
microbiota: a systematic review. Nutrients 13, 1137 (2021).

25. Chernikova, D. A. et al. The premature infant gut microbiome during the first
6 weeks of life differs based on gestational maturity at birth. Pediatr. Res. 84,
71–79 (2018).

26. Azad, M. B. et al. Impact of maternal intrapartum antibiotics, method of birth and
breastfeeding on gut microbiota during the first year of life: a prospective cohort
study. BJOG Int. J. Obstet. Gynaecol. 123, 983–993 (2016).

27. Powell, W. T. et al. Probiotic administration in infants with gastroschisis: a pilot ran-
domized placebo-controlled trial. J. Pediatr. Gastroenterol. Nutr. 62, 852–857 (2016).

28. Sakurai, Y. et al. Clinical and bacteriologic characteristics of six cases of bifido-
bacterium breve bacteremia due to probiotic administration in the neonatal
intensive care unit. Pediatr. Infect. Dis. J. 41, 62–65 (2022).

S. Rao et al.

53

Pediatric Research (2023) 93:49 – 55

https://doi.org/10.1038/s41390-021-01884-x


29. Rao, S., Srinivasjois, R. & Patole, S. Prebiotic supplementation in full-term neo-
nates: a systematic review of randomized controlled trials. Arch. Pediatr. Adolesc.
Med. 163, 755–764 (2009).

30. Srinivasjois, R., Rao, S. & Patole, S. Prebiotic supplementation in preterm neo-
nates: updated systematic review and meta-analysis of randomised controlled
trials. Clin. Nutr. 32, 958–965 (2013).

31. Rao, S., Athalye-Jape, G. & Patole, S. in Precision medicine for investigators, prac-
titioners and providers (eds Faintuch, J. & Faintuch, S.) 39–49 (Elsevier, 2020).

32. Dutta, S., Ray, P. & Narang, A. Comparison of stool colonization in premature
infants by three dose regimes of a probiotic combination: a randomized con-
trolled trial. Am. J. Perinatol. 32, 733–740 (2015).

33. Underwood, M. A. et al. A comparison of two probiotic strains of bifidobacteria in
premature infants. J. Pediatr. 163, 1585–1591.e1589 (2013).

34. Watkins, C. et al. Dose-Interval Study of a Dual Probiotic in Preterm Infants. Arch.
Dis. Child. Fetal Neonatal Ed. 104, F159–f164 (2019).

35. Costeloe, K., Hardy, P., Juszczak, E., Wilks, M. & Millar, M. R. Bifidobacterium Breve
Bbg-001 in very preterm infants: a randomised controlled phase 3 trial. Lancet
387, 649–660 (2016).

36. Deshpande, G., Rao, S., Athalye-Jape, G., Conway, P. & Patole, S. Probiotics in very
preterm infants: the Pips trial. Lancet 388, 655 (2016).

37. Yang, Z., Wu, Q., Liu, Y. & Fan, D. Effect of perioperative probiotics and synbiotics
on postoperative infections after gastrointestinal surgery: a systematic review
with meta-analysis. JPEN J. Parenter. Enter. Nutr. 41, 1051–1062 (2017).

38. Patole, S. et al. Effect of Bifidobacterium Breve M-16v supplementation on fecal
bifidobacteria in preterm neonates–a randomised double blind placebo con-
trolled trial. PLoS ONE 9, e89511 (2014).

39. Gengaimuthu, K. The cross contamination (cross colonization) phenomenon of
probiotic use in neonatal intensive care units: putative mechanisms and clinical
and research implications. Cureus 10, e2691 (2018).

40. Plummer, E. L. et al. Gut microbiota of preterm infants supplemented with pro-
biotics: sub-study of the Proprems trial. BMC Microbiol. 18, 184 (2018).

41. Costeloe, K. et al. A randomised controlled trial of the probiotic Bifidobacterium
breve Bbg-001 in preterm babies to prevent sepsis, necrotising enterocolitis and
death: the probiotics in preterm infants (Pips) trial. Health Technol. Assess. 20,
1–194 (2016).

42. Hickey, L., Garland, S. M., Jacobs, S. E., O’Donnell, C. P. & Tabrizi, S. N. Cross-
colonization of infants with probiotic organisms in a neonatal unit. J. Hosp. Infect.
88, 226–229 (2014).

43. Ohishi, A. et al. Bifidobacterium septicemia associated with postoperative pro-
biotic therapy in a neonate with omphalocele. J. Pediatr. 156, 679–681 (2010).

44. Bertelli, C. et al. Bifidobacterium longum bacteremia in preterm infants receiving
probiotics. Clin. Infect. Dis. 60, 924–927 (2015).

45. Jenke, A., Ruf, E. M., Hoppe, T., Heldmann, M. & Wirth, S. Bifidobacterium septi-
caemia in an extremely low-birthweight infant under probiotic therapy. Arch. Dis.
Child. Fetal Neonatal Ed. 97, F217–F218 (2012).

46. Zbinden, A., Zbinden, R., Berger, C. & Arlettaz, R. Case series of Bifidobacterium
longum bacteremia in three preterm infants on probiotic therapy. Neonatology
107, 56–59 (2015).

47. Chiang, M. C. et al. Lactobacillus rhamnosus sepsis associated with probiotic
therapy in an extremely preterm infant: pathogenesis and a review for clinicians.
J. Microbiol. Immunol. Infect. 54, 575–580 (2020).

48. Esaiassen, E. et al. Bifidobacterium longum subspecies infantis bacteremia in 3
extremely preterm infants receiving probiotics. Emerg. Infect. Dis. 22, 1664–1666
(2016).

49. Tena, D., Losa, C., Medina, M. J. & Sáez-Nieto, J. A. Peritonitis caused by
Bifidobacterium longum: case report and literature review. Anaerobe 27, 27–30
(2014).

50. Morgan, R. L. et al. Probiotics reduce mortality and morbidity in preterm, low
birth weight infants: a systematic review and network meta-analysis of rando-
mized trials. Gastroenterology 159, 467–480 (2020).

51. Chang, H. Y. et al. Multiple strains probiotics appear to be the most effective
probiotics in the prevention of necrotizing enterocolitis and mortality: an
updated meta-analysis. PLoS ONE 12, e0171579 (2017).

52. Rao, S. C., Athalye-Jape, G. K., Deshpande, G. C., Simmer, K. N. & Patole, S. K.
Probiotic supplementation and late-onset sepsis in preterm infants: a meta-
analysis. Pediatrics 137, e20153684 (2016).

53. Athalye-Jape, G., Deshpande, G., Rao, S. & Patole, S. Benefits of probiotics on
enteral nutrition in preterm neonates: a systematic review. Am. J. Clin. Nutr. 100,
1508–1519 (2014).

54. Jacobs, S. E. et al. Probiotic effects on late-onset sepsis in very preterm infants: a
randomized controlled trial. Pediatrics 132, 1055–1062 (2013).

55. Deshmukh, M. & Patole, S. Prophylactic probiotic supplementation for preterm
neonates-a systematic review and meta-analysis of nonrandomized studies. Adv.
Nutr. 12, 1411 (2021).

56. Sharif, S., Meader, N., Oddie, S. J., Rojas-Reyes, M. X. & McGuire, W. Probiotics to
prevent necrotising enterocolitis in very preterm or very low birth weight infants.
Cochrane Database Syst. Rev. 10, Cd005496 (2020).

57. Vallabhaneni, S. et al. Notes from the field: fatal gastrointestinal mucormycosis in a
premature infant associated with a contaminated dietary supplement–Connecticut,
2014. MMWR Morb. Mortal. Wkly. Rep. 64, 155–156 (2015).

58. Deshpande, G. C., Rao, S. C., Keil, A. D. & Patole, S. K. Evidence-based guidelines
for use of probiotics in preterm neonates. BMC Med. 9, 92 (2011).

59. Patole, S. K. et al. Benefits of Bifidobacterium breve M-16v supplementation in
preterm neonates - a retrospective cohort study. PLoS ONE 11, e0150775 (2016).

60. Reyman, M., van Houten, M. A., Arp, K., Sanders, E. A. M. & Bogaert, D. Rectal
swabs are a reliable proxy for faecal samples in infant gut microbiota research
based on 16s-rRNA sequencing. Sci. Rep. 9, 16072 (2019).

61. Fair, K. et al. Rectal swabs from critically ill patients provide discordant repre-
sentations of the gut microbiome compared to stool samples. mSphere 4, e00358
(2019).

62. Choo, J. M., Leong, L. E. & Rogers, G. B. Sample storage conditions significantly
influence faecal microbiome profiles. Sci. Rep. 5, 16350 (2015).

63. Kazantseva, J., Malv, E., Kaleda, A., Kallastu, A. & Meikas, A. Optimisation of sample
storage and DNA extraction for human gut microbiota studies. BMC Microbiol. 21,
158 (2021).

64. Gorzelak, M. A. et al. Methods for improving human gut microbiome data by
reducing variability through sample processing and storage of stool. PLoS ONE
10, e0134802 (2015).

65. Knight, R. et al. Best practices for analysing microbiomes. Nat. Rev. Microbiol. 16,
410–422 (2018).

66. Gu, H., Jasbi, P., Patterson, J. & Jin, Y. Enhanced detection of short-chain fatty
acids using gas chromatography mass spectrometry. Curr. Protoc. 1, e177 (2021).

67. García-Villalba, R. et al. Alternative method for gas chromatography-mass spec-
trometry analysis of short-chain fatty acids in faecal samples. J. Sep. Sci. 35,
1906–1913 (2012).

68. Rao, S. C. et al. Gut microbiota in neonates with congenital gastrointestinal
surgical conditions: a prospective study. Pediatr. Res. 88, 878–886 (2020).

69. Primec, M., Mičetić-Turk, D. & Langerholc, T. Analysis of short-chain fatty acids in
human feces: a scoping review. Anal. Biochem. 526, 9–21 (2017).

70. Damocles Study Group & NHS Health Technology Assessment Programme. A
proposed charter for clinical trial data monitoring committees: helping them to
do their job well. Lancet 365, 711–722 (2005).

71. Bharucha, T. et al. Strobe-metagenomics: a STROBE extension statement to guide
the reporting of metagenomics studies. Lancet Infect. Dis. 20, e251–e260 (2020).

AUTHOR CONTRIBUTIONS
Substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data: all authors. Drafting the article or revising it critically for
important intellectual content: all authors.

FUNDING
This work was supported by the Centre for Neonatal Research and Education,
Neonatal Directorate, Child and Adolescent Health Service, Western Australia. Open
Access funding enabled and organized by CAUL and its Member Institutions.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
Since it is a review article, patient consent is not required.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Shripada Rao.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

S. Rao et al.

54

Pediatric Research (2023) 93:49 – 55

http://www.nature.com/reprints
http://www.nature.com/reprints


Open AccessThis article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article's Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

© Crown 2022

S. Rao et al.

55

Pediatric Research (2023) 93:49 – 55

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Probiotic supplementation for neonates with congenital gastrointestinal surgical conditions: guidelines for future research
	Background
	Sample size
	Inclusion criteria
	Randomisation
	Selection of probiotic product
	Dose of probiotic supplements
	Storage of probiotics/placebo sachets
	Timing of starting the trial supplements
	Administration of probiotics while infants are fed nil-enterally
	When to withhold supplementation
	Care immediately after administering the trial supplements
	Hand hygiene precautions
	Medication reconciliation
	Safety of probiotics
	Ongoing microbiological quality assurance
	Collection of stool samples
	Labelling of stool samples
	Storage of stool samples
	Shipping of stool samples
	Method of analysing stool samples for gut microbial data
	Method of analysing stool samples for SCFA
	Ensuring blinding of the data
	Data safety and monitoring board (DSMB)
	Reporting
	Conclusions
	References
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




