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Project Title:  Do probiotics modulate the intestinal microbiome in extremely premature infants? 

 
Project Type:   Primary – Research 
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Principal Applicant (PA): Harish Amin, MD (Concept, literature review, study design, drafting application) 
Co-Principal Applicant:  Belal Alshaikh, MD (Concept, study design and statistics, drafting application) 
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                                                          Richard Pon, PhD (ACHRI - Sample analysis) 
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Project Summary:   
The gut microbiome plays a significant role in balancing the inflammatory system in the immature gut. A breakdown in this 
balance with altered colonization of the microbiota in very low birth weight (VLBW) preterm infants is associated with 
increased feeding intolerance, NEC and sepsis. Probiotics are proposed to normalize microbial populations and decrease 
intestinal disease in preterm infants. There is limited data linking clinical outcomes with the biology of probiotics. We aim to 
study the colonization of the GI tract with probiotic species contained in a specific probiotic blend – Florababy – in VLBW 
preterm infants.  
Stool microbiome will be analyzed at 4 time points in 2 groups (one given Florababy and the other no) of infants less than 
1000g birth weight and < 29 weeks gestation. A comparison of stool microbiome analysis and the incidence of feeding 
intolerance and time to reach full feeds in the two groups will be made. 
 
1. What you want to do.  
 
Research question 
Does Florababy change the gut colonization pattern in a measurable way in a population of very premature neonates?  
 
Hypothesis: 
Florababy probiotics can multiply in the gut and change the colonization pattern of the premature intestinal tract in a measurable 
way. 
 
Primary outcome: difference in stool microbiome after 4 weeks of Florababy or  compared to infants who didn’t receive 
Florababy. 
Secondary outcomes: i) difference in stool microbiome 1week after the study drug administration is stopped. 
ii) incidence of feeding intolerance and time to reach full feeds. 
 
3. Why this is important. 
At a glance: 
a) Probiotics are proposed as universal supplements in preterm neonates. Results of probiotic administration in neonates are 

conflicting. 
b) There is very little data linking clinical outcomes with the biology of probiotics. Gaps in current knowledge are the ecology 

of probiotics, their fate after administration of a specific product to a given infant, and the degree of influence on the pre-
existing and/or developing microbiome. 

c) It is essential that biological and mechanistic data are obtained and correlated with clinical data for a given probiotic.  
 
2.1 Microbiome and the neonate. 
There is growing recognition of the importance of the relationship between the human body and the microbial flora that coexist 
within it. The “human” body contains over 10 times more microbial cells than human cells, carrying 150 times as many genes 
as the human genome. The “microbiome” describes the collective genomes of these microorganisms.  Microbial populations 
residing in the GI tract are the largest and most complex microbiome in our body. Studies of the intestinal microbiome have 
revealed a wide and variable microbial population whose composition is affected by host factors such as genetics, the immune 
system and environmental factors. The microbiome has a myriad of roles locally and systemically. There has been an explosion 
of information about its effects on local and systemic immunity and inflammation, the nervous system, the endocrine 
environment and metabolic states, etc. with several reviews that have been published recently (1-5). 
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The fetal intestine was initially thought to be sterile. However, recent studies suggest that it may be exposed to microbes via 
the amniotic fluid (6-8). During and after birth, microorganisms from the maternal vagina and intestine, from the maternal skin 
surface, from maternal breastmilk and oral cavity, and from the environment colonize the neonatal GI tract. Many factors have 
been shown to alter the gut flora in neonates such as gestational age and feeding patterns. Data on the development of the 
normal microbiome in well term infants is still limited. It shows a very complex process where waves of microbial species get 
established in a careful orchestrated order with multiple interactions between them and the host (9-14). Many details of this 
process remain unknown.  
Furthermore, the intestinal microbiomes of infants admitted to NICUs have different patterns compared to infants not admitted 
to NICUs. This is due to exposure to a different environment in NICUs, and the use of antibiotics and sterile formulas. There 
is even less data about the establishment of the microbiome in very preterm infants, how that evolves with time, what constitutes 
a “good” profile and how it correlates with intestinal or systemic pathology. What we know shows that the microbiome in 
preterm infants demonstrates decreased diversity, altered species proportions and even different behavior of the same species 
when compared with the term infant (15-17).  
 
2.2 Microbiome and intestinal disease in the neonate. 
The microbiome plays an essential role in nutrition, mucosal immunity, and GI epithelial integrity. Current evidence suggests 
that interactions between the altered microbiome and the intestinal epithelium play an important role in the development of 
feeding intolerance, allergy, sepsis and necrotizing enterocolitis (NEC) (18-20).  
NEC is a multifactorial disease and one of the major pathologies affecting preterm infants. It is associated with significant 
mortality and morbidity, including long term neurologic disability. Systematic interventions to predict and prevent NEC have 
generally remained elusive. Feeding breastmilk and colostrum to preterm infants is helpful and use of probiotics has shown 
good results in a number of studies, though significant concerns remain. Concerns include: the limited safety data for infants 
born < 1000g and a domestically available probiotic formulation with demonstrated efficacy, safety, and regulatory approval. 
There remain concerns that the regulatory framework for approval of probiotics does not approach the rigor for drugs (21-22). 
Systematic reviews of randomized controlled trials concluded that probiotics as a group significantly reduce the incidence of 
severe NEC (23). The principle and methodology of such generalizations is controversial (24-26). Better tools are needed to 
aid in the understanding and monitoring of probiotic administration. 
The technology available to define the intestinal microbiome has been a sizable obstacle. The vast majority of species cannot 
be cultured and the genomic technologies have just only very recently reached a level where the ratio of cost and resolution 
allows for reasonably efficient research use.  
 
2.3 Techniques to study gut microbiota and microbiome. 
The composition of the gut microbiota has been classically analyzed using differential media to distinguish between populations 
of bacteria based on their metabolic requirements. The capability of these culture-based techniques to discriminate between 
different bacterial phylogenetic groups is limited. It is estimated that 80% of the gut microbiota cannot be cultured using these 
techniques. Recent reviews emphasized the role of genomic technology in mapping the microbiome, providing an 
unprecedented amount of detail on the constituent species (27-29). These genomic techniques are capable of identifying 
commercial probiotic strains. One of the leading techniques employed currently is 16S rDNA amplification and sequencing. It 
is available in Calgary through the Genomics facility at Alberta Children’s Hospital Research Institute (ACHRI). 
 
3.1 Probiotic administration results in preterm infants 
The subject of probiotic administration to preterm infants is important.  There are at least 20 meta-analyses and systematic 
reviews identified with a Pubmed search. This is a large number despite only 24 trials in the latest Cochrane review and a meta-
analysis from April 2014 (23). It is also important to note the contradictory statements in that review. It begins by stating: 
“Based on the available evidence for probiotics efficacy and safety in preterm infants, the number of infants enrolled, the 
narrow confidence intervals, and the probiotics safety profile, a change in practice is warranted at this stage. More studies to 
address the optimal preparation, dosing, and duration of therapy are still needed in head to head comparative studies rather than 
placebo controlled trials.” Immediately followed by: “Although all included trials evaluated probiotics use in preterm infants, 
the trials were highly variable with regard to enrolment criteria (that is birth weight and gestational age), baseline risk of NEC 
in the control groups, timing, dose, formulation of probiotic used, and feeding regimens.(23)The validity of our review’s results 
is potentially compromised as it included trials that utilized different preparations and dosing regimens of the intervention under 
study; and data on the highest risk population (ELBW infants) could not be retrieved.”  
 
Two sizeable recent studies were published or had outcome data released after the Cochrane review. The recent Probiotics in 
Preterm babies Study (PiPS) was done in Britain and enrolled 1315 infants of 30 weeks gestational age or less. It used a single 
bacterial strain – Bifidobacterium breve. This study did not find any significant clinical impact of that particular probiotic and 
the findings do not support the use of Bifidobacterium breve for the prevention of NEC (30). Another recent RCT studied 
Lactobacillus Reuteri in 400 VLBW infants of less than 32 weeks gestation and it concluded that there was no effect on NEC 
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or NEC and mortality though late onset sepsis was significantly reduced (31). The combined size of these 2 studies is large, 
over 1/3rd of all previous RCTs’ population in the 2014 Cochrane review.   
 
3.2 Florababy. 
Florababy is a 5 strain proprietary probiotic blend produced by Renew Life Canada. It contains 4 billion total CFU of 4 
Bifidobacterium species (Breve, bifidum, infantis and longum) together with Lactobacillus rhamnosus. The non-medicinal 
ingredients are maltodextrin and ascorbic acid. Florababy has been used for only a few years in neonates in Canada. A recently 
published retrospective cohort study compared data from 17 months before and after introduction of Florababy in a level III 
NICU for all infants less than 32 weeks gestational age at birth (32). It showed a positive impact on NEC stage 2 or more from 
a baseline of 10% in infants less than 32 weeks, double the current rate in Calgary. The amount of breastmilk feeding in that 
cohort is not specified. There was no impact on health care associated infections.  
 
3.3 Biology of probiotics and relation with effects – gaps in knowledge. 
The above underscores the need for specific product trials in this population as well as the pressing need for markers and 
biological understanding. A lot of the limited data concerning the fate of probiotics in preterm infants may not be applicable to 
current NICU care and feeding practices or was generated before latest genomics technology was available (33-43). The 
percentage of infants and interval of time in which specific probiotic strains are established in the gut, any differences between 
strains, differences within a population fed fresh breastmilk and correlation with clinical effects including tolerance of enteral 
feeds and time to reach full feeds are very important aspects. They need to be clarified for contemporary practices, with best 
methods, in order to assess and optimize the use of probiotics in the neonate. Using meta-analysis to advocate for an intervention 
when the biological pathways were not clear has been a source of error before in medicine (44). 
 
3.4 Definition of Feeding Intolerance. 
Feeding intolerance will be defined as the inability to digest enteral feedings associated with: i) gastric residual volumes of 
more than 50% of the volume of the previous feed, ii) abdominal distention and/or emesis, iii) disruption of the baby’s feeding 
plan (decrease, delay or discontinuation of enteral feedings). 
 
4. How you are going to do it. 
 
4.1 Study design 
This study will occur in a randomized controlled trial setup in the Calgary NICUs. Florababy probiotic will be administered to 
infants in the drug arm and clinical outcomes and gut microbiome data will be compared between the two groups.  
The projected starting time is Oct 2017. Study duration will be 18 months. 
 
4.2 Study Population 
Premature infants born less than 29 weeks gestation and < 1000g birth weight admitted to the NICU at Foothills Medical Centre 
in Calgary. 
a)  Inclusion Criteria: Preterm infants born at less than 29 weeks gestation and < 1000g birth weight. 
b) Exclusion Criteria: Infants with major congenital anomalies, hypoxic-ischemic injury and NEC or bowel perforation before 
72 hours of life. 
 
4.3 Sample Size and feasibility  
A total of 100 infants of birth weight <1000g are born annually and admitted to FMC NICU.  
Assuming that 80% of parents’ consent to their infant’s participation in the study, it will be feasible to complete enrollment of 
60 babies in the first year of the study. This study will randomize 30 infants to be given probiotics and 30 infants be in the 
control group where no probiotic given. The 2 groups will be matched by gender, gestational age +/- one week, birth weight 
+/- 100g, SGA vs AGA/LGA status and type of delivery.   
A sample size of 30 infants per group will allow for a power of 0.8 and an alpha of 0.05 for a two-tailed Wilcoxon-Mann-
Whitney test to detect a 0.7 effect size when comparing relative abundance of stool probiotic microbial species in the group 
given Florababy versus the one given placebo, conservatively assuming a background logistic distribution (G-Power 3.1 
software). 
 
4.4 Variables collected 
a) Demographic variables: Gestational age, birth weight, head circumference at birth, gender, mode of delivery, 

singleton/multiple and rank, maternal administration of corticosteroids and antibiotics. 
b) Clinical variables: Apgar scores, umbilical cord pH and base excess, first patient blood gas pH and lactate, day of life at 

start of feeds and at start of study, total days of study drug, antibiotic use during NICU, use of inotropes and vasoactive 
substances, steroids and medical and/or surgical treatment for PDA, type of feeds during NICU and at discharge. 
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c) Outcome variables: mortality; total days of TPN, total days NPO and number of separate NPO events; age, head 
circumference and weight at discharge home; diagnosis of: feeding intolerance, time taken to reach full enteral feeds (at 
least 150ml/kg/day), suspected NEC, NEC, cow milk protein allergy, late onset sepsis, BPD, ROP.  

 
4.5 Study protocol. 
Infants will be identified within 24 hours of birth and parents will be approached for informed consent.  
Once consent is obtained, subjects will be randomly assigned in blocks of 4 to receive either Florababy probiotics orno. 
Investigators will conduct the randomization using a computer-generated table of random numbers generated at the University 
of Calgary.  
 
Preparation and Administration of Study Drug 
The study probiotic will be started after the first stool sample is obtained and after informed parental consent. Very small 
amounts of breast milk/colostrum (0.1ml to 0.2ml every 4 hours) are usually given to all premature babies within the first 48 
hours of life.  Actual feeds of breast and/or human milk (donor milk) are initiated from 72 hours onwards (starting at 
10ml/kg/day and increasing slowly thereafter). The study probiotic (at a dose of 0.5g per day) will be started at or after 72 hours 
of life. It will be administered in 1 ml of sterile water prior to a feed.. No drug will be given to infants in the control group  If 
the infant is placed NPO, the study drug will be stopped and restarted together with refeeding.  
The study probiotic will be given until 34 weeks corrected gestational age.  
 
Sample collection 
Nurses will collect the stool samples at 4 time points: prior to, two weeks and four weeks after probiotic administration is 
commenced, and one week after it is stopped. Stool samples for the control group will be done at a matched feeding and 
gestational age time points. 
Stool will be collected directly from the infant’s diaper with a sterile spatula.  As soon as a sample is collected, the nurse will contact the 
investigators. The samples will then be placed in a laboratory freezer (-80°C) within 24 hours of collection. Batched samples 
will be transported to the ACH ACHRI Genomics laboratory for subsequent microbiome processing. 
 
4.6 Microbiome DNA extraction, amplification and species identification. 
 
 DNA extraction 
DNA will be extracted from ~200 mg of frozen (-80oc) stool using the Zymo ZR Fecal DNA Stool MiniPrep Kit (Zymo 
Research Corp, USA). 
 
Real-time quantitative PCR (qPCR) 
Quantification of target bacterial DNA will be measured using the SsoFast™ EvaGreen® Supermix (Biorad, Mississauga, 
Canada). Samples and standards (10 ng of DNA from known bacteria) will be prepared and run in duplicate in a final volume 
of 20 l on 96 well plates using the CFX96 detection system (Biorad,  Mississauga, Canada). All collected fecal samples will 
be quantified for Bacteroides, Prevotella, Clostridium coccoides and C. leptum, Enterococcus and Enterobacteriacae sp. as 
indicators of microbiome health.	45   
 
Library preparation and sequencing  
Sequencing of the V3-V4 region of the 16S rRNA gene will be performed on all cases and control samples. We will aim to 
recruit no more that 50% of our cases from VRE positive patients. Preparation of 16S metagenomics libraries and deep 
sequencing will be carried out by the University of Calgary's Core DNA Services. DNA libraries be prepared using the 16S 
Metagenomic sample preparation protocol (Illumina, San Diego, CA). The quality of the prepared library will be checked using 
Agilent TapeStation D1000 screen tape (Agilent Technologies, Santa Clara, CA), according to the manufacturer's instructions. 
Indexed DNA libraries are normalized to 4 nM and Illumina Experiment Manager used to build library plates and create sample 
sheet. Paired-end 300bp sequencing will be performed on the MiSeq instrument using the V3 600 cycle MiSeq cartridge and 
MiSeq v3 reagents. The completed run will be demultiplexed with Illumina's Casava software and stored in BaseSpace 
(Illumina) for downstream analysis. 
 
Bioinformatic analysis  
Sequences will be processed with the UPARSE pipeline as implemented in USEARCH v 8.0.1623.46  Details for each 
processing step are outlined. For quality filtering the forward and reverse 16S PCR primers along with any sequencing adapter 
will be trimmed off the raw reads using cutadapt v1.8. Following this the forward and reverse reads will be overlapped to 
reconstruct the full amplicon.  This will be done using the fastq_mergepairs option in USEARCH v 8.0.1623. Following this 
the reads will be quality filtered using the maximum expected error method and then truncated at a length of 173 base pairs. 
Sequences will be dereplicated, where identical reads are merged and counts of these reads are retained, with vsearch v1.1.3 
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hosted on GitHub (“https://github.com/torognes/vsearch”). Singleton reads will be filtered out with vsearch prior to clustering.  
The remaining sequences are then clustered into groups of 97% identity, designated as Operational Taxonomic Units (OTUs) 
with the cluster_otus command in USEARCH v 8.0.1623.  To construct an OTU table the filtered reads, with singletons 
included, were searched against the clustered OTU sequences with usearch_global in USEARCH v 8.0.1623. 
Taxonomy will be assigned to each of the representative sequences using the RDP Naïve Bayesian Classifer v 2.247 as 
implemented in Qiime 1.9.0 48 using the most recent version of the Greengenes database49. The RDP classifier uses a bootstrap 
procedure to assign confidence values to the taxonomic assignments at each level of the taxonomy.  The OTU sequences will 
be aligned with PyNAST, a flexible tool for aligning sequences to a template alignment50. Gaps in the alignment will be 
removed using Qiime’s ‘filter_alignment.py’, and a phylogeny constructed using FastTree, a tool for inferring phylogenies for 
alignments with up to hundreds of thousands of sequences51, using default parameters. All remaining analysis will be done in 
R, a programming language and software environment for statistical computing and graphics (R Core Team, 2015) using 
functions from phyloseq52 DESeq253  and vegan.  
The diversity within each sample, also known α diversity, will be measured using the Shannon index. This is a measure of both 
the organismal richness of a sample and the evenness of the organisms' abundance distribution54. A two-sided Mann-Whitney 
test (with False Discovery Rate multiple test correction) will be used to determine if there were significant differences in 
Shannon diversity between cases and controls.   
Diversity between samples (β -diversity) will be evaluated using weighted UniFrac, a rank-based ordination method and 
visualized with Non-metric Multidimensional Scaling (NMDS). β-diversity represents the explicit comparison of microbial (or 
other) communities based on their composition or relative abundance. β diversity metrics thus assess the differences between 
microbial communities. To test whether there are significant differences in community structure between groups the UniFrac 
distance matrix will be tested with permutational multivariate ANOVA (PERMANOVA) implemented in the adonis function 
in the vegan R package. Differential abundance of individual OTUs between groups will be assessed using generalized linear 
models with a negative binomial distribution as is used commonly for RNA-seq53.  The similarity in data structure between 
RNA-seq and 16S allow us to adapt already mature methods55. This analysis will be performed in DESeq2 v1.8.1 using default 
parameters.  
 
5. Why you/your group should do it (relevant prior experience and skills, collaborators for technical gaps, preliminary 
data showing feasibility): 
Dr. Amin has a lifelong interest and expertise as well as publications in neonatal GI pathophysiology and NEC.  
Dr. Alshaikh has completed a year of supplementary training in the study of the neonatal intestinal tract in Philadelphia. He is 
also skilled in study design and statistical analysis and has a Master degree in Epidemiology. 
The collaborators include Dr. Pon, the director of the ACHRI Genomics facility, Dr.  Arrieta is a research scientist at -University 
of Calgary and an expertise in microbiome, Dr Amuchou Soraisham (neonatologist and epidemiologist), and D. Dersch-Mills 
– Pediatric Pharmacists. 
 
6. Plans for dissemination or translation of results and plans for next steps in study of topic: The microbiome data will 
constitute a comprehensive clinical and biological study of probiotic administration in this population. Results will be presented 
at national and international meetings and submitted for publication.  
Findings from this study will also generate insight into the systemic effects of probiotics such that further hypotheses can be 
generated and tested and the best probiotic species and/or blends can be designed for use in preterm infants. 
 
Budget: 

1. Budget and considerations relating to budget 
 Per sample cost Costing 
Consumables - $1000 
DNA extraction (Zymoresearch) 
Library preparation  
(Uof C sequencing centre) 
Sequencing 

$85 $85 x 60 x4 = 
$20,400 

Equipment Pharmacy set up for Florababy for 60 patients in 1st year of 
study 
Phase III set up fee 
Dispensing fee for 60 patients ($30.00 per vial for each 
patient for 1 week) x 6 weeks = 60x30x6 

 
$1,500.00 
$1,000.00 

 
$10,800.00 

Total - $33,700.00 
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