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Ingestion of Bacteria 

Antibiotics

In the last 100 years, we drastically 
changed our ingestion of microbes and our 

microbial environment.
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Bacterial distribution
 by body site

Probiotics:  100 years after 
Elie Metchnikoff’s observation

Genome Res. 2009;19:2317-2323

Human Microbiome Project (HMP



Causes of dysbiosis in premature infants 

Dysbiosis is prevalent in premature infants
 

Premature infants is one of the  populations that can 
benefit the most  from restauration of microbiota 



What is the Evidence?



Prevention of NEC with probiotics: a systematic review and meta-analysis. 

Sawh et al. (2016), PeerJ, DOI

38 trials n = 10,520 subjects 
Severe NEC in all infants.  RR 0.53 95% CI (0.42-0.66)



Prevention of NEC with probiotics: a systematic review and meta-analysis. 

Sawh et al. (2016), PeerJ, DOI 10.7717/peerj.2429

29 trials n= 9.507 subjects 
 All causes mortality    RR 0.79 95% CI (0.68- 0.93)]



Should the use of probiotics in 
the preterm infant be routine?

Millar M, Wilks M, Fleming P, et al. Arch Dis Child Fetal Neonatal Ed (Sep 2010). 



Survey of clinical use of probiotics in USA 

Viswanatham et al Journal of Perinatology 2016 

14% (70/500)  NICUs using probiotics  
16 different products 
Only 2 validated by clinical trials



Bifidobacterium infantis 
Bifidobacterium bifidum 
Bifidobacterium fecalis 
Bifidobacteria longum
Bifidobacterium breve 
Bifidobacterium lactis Lactobacilus casei 

Lactobacillus rhammosus 
Lactobacilus acidophilus 
Lactobacillus plantarum 
Lactobacilus reuteri 
Lactobacilus lactis 

Streptococcus thermofilus 
Shacaromices boulardii
Bacillus cereus 



Probiotics to prevent necrotizing enterocolitis in very preterm or very 
low birth weight infants (Review) 

0.72  ( 0.54-0.96)

0.45 (0.28-0.71)

Sharif S, Meader N, Oddie SJ, Rojas-Reyes MX, McGuire W  2020 

Risk of NEC Bifidobacterium spp.

Lactobacillus  spp.



Probiotics to prevent necrotizing enterocolitis in very preterm or 
very low birth weight infants (Review) 

0.61 (0.23, 1.61)

0.67 (0.28,1.58)

Sharif S, Meader N, Oddie SJ, Rojas-Reyes MX, McGuire W  2020 

Risk of NEC 

0.82 (0.44, 1.50)

Saccharomyces spp.  spp.

Bacillus   spp.

Bifidobacteriun ssp.  plus Lactobacillus  spp. plus Sacharomyces ssp.



Validating bifidobacterial species and subspecies identity in 
commercial probiotic products

Lewis et al: Ped Res 79, 445-451. 2016

16 different probiotics containing bifidobacteria 
Pill to pill variability  16
Unlisted species 
Only one tested matched the species claimed on the label 



Factors to consider when establishing the 
efficacy of probiotics administration include:
 
• accurate identification and labelling of 

strain used 
• the viability of the organism  
• consistency of product formulation over 

the course of the study 



ESPGHAN 

Only products manufactured according to current good 
manufacturing practices should be used

van der Akker et al 2020 

A pharmaceutical-grade probiotic product is not currently available in 
the United States. Long-term safety remains unknown

Current evidence does not support the routine, universal administration 
of probiotics to preterm infants, particularly those with a birth weight 
of <1000 g.

Poindexter B  et al, Pediatrics AAP 2021 



REGULATIONS 
Dietary supplement 

– Center for Food Safety and Applied Nutrition 
– GRAS (Generally Recognized As Save) 

Live Biotherapeutic (FDA) 
– A probiotic used to diagnosis, cure treat or prevent 

diseases is a drug and a biological product 

– The Center for Biologics Evaluation and Research regulates 
biological products when used for clinical indications (IND, 
US, 21CFR 312) 

Most of the products currently available in the United States  are 
categorized as dietary supplements and are not labeled with the 
number of CFUs for the probiotic strain



Dietary supplements  (Probiotics ) vs  Biotherapeutic 

Supplements: Considered safe until proven unsafe  vs
Prescription Medicines: Considered unsafe until proven safe and effective 

Suplements Biotherapeutic 

FDA Classification Dietary Supplements to 
Improve Health

Live Biotherapeutic Product 

Proof of Safety Not Required Required

Proof of Effectiveness Not Required Required

Post-Marketing 
Surveillance Not Required Required

Good Manufacturing 
Practices (GMPs) Food GMPs Pharmaceutical GMPs

Reimbursable by 
Insurance No Yes

Disease Treatment 
Claims Not Allowed Allowed



Effectiveness and Risks of Probiotics in Preterm Infants
Alshaikh et al for the Canadian Neonatal Network .Pediatrics Feb 2025 

- 4 Bifidobacterium strains (Bifidobacterium breve, Bifidobacterium bifidum,     
Bifidobacterium longum sub sp, and Bifidobacterium neonateis) and                  
Lactobacillus rhamnosus.
- Single-strain probiotic Lactobacillus reuteri.



Effectiveness and Risks of Probiotics in Preterm Infants
Alshaikh et al for the Canadian Neonatal Network .Pediatrics Feb 2025 

NEC  
< 34 weeks  2.6% vs 3.6%,  p <0.001
 <1000 g, no difference 

Mortality 
< 34 weeks, no difference 
<1000 g  15.7% vs 11.9 %, p <0.001

Late onset sepsis 
<34 weeks 6.7% vs 9.2%, p<0.001
< 1000 g, no difference 



Effectiveness and Risks of Probiotics in Preterm Infants
Alshaikh et al for the Canadian Neonatal  Network .Pediatrics Feb 2025 

< 34 weeks:  27 infants had probiotic sepsis / 11 (41%) NEC or spontaneous intestinal 
perforation 7 days before or after probiotic sepsis

 < 1000 g: 24 infants had probiotic sepsis / 9  (45%) had NEC or intestinal perforation 7 
days before and after probiotic sepsis. 3 died within 7 days of probiotic sepsis



A randomized, double blind, parallel-group, placebo-
controlled study to evaluate the efficacy and safety of 
IBP-9414 in premature infants 500-1500g birth weight 

in the prevention of necrotizing enterocolitis – The 
Connection study 

Multicenter 
study in USA 
and Europe 
FDA and EMA  
regulated 



Drug Product IBP-9414

IBP-9414
•Freeze-dried powder for oral suspension
•Oral-enteral feeding
•Manufacturing process developed  to 
allow opening of IND 

Development of  IBP-9414 as a live bacterial therapy for the 
prevention of NEC. 

Under drug manufacture and regulations 

IBP-9414 has been approved by the FDA for orphan drug 
designation for the prevention of NEC.



A randomized, double blind, parallel-group, dose escalation placebo-
controlled multicenter study to investigate the safety and tolerability of 

IBP-9414 administered to  preterm infants

Neu et al: Presented at Hot Topics 2017



A randomized, double blind, parallel-group, dose escalation placebo-controlled 
multicenter study to investigate the safety and tolerability of IBP-9414 administered to  

preterm infants

Neu et al: Presented at Hot Topics 2017



Primary efficacy endpoints
– Prevention of NEC
– Time to sustained feeding tolerance 

Secondary endpoints, 
– NEC confirmed at laparotomy or autopsy,
– all-cause mortality, 
– total weight gain, 
– duration of hospitalization

J.Neu, et al ,submitted for publication 



• Birth weight of 500-1500g
• Gestational age 23 weeks+0 days - 32 weeks+0     days at birth, 
•  ≤48 hours of age 

J.Neu, et al ,submitted for publication 



Effects of IBP-9414, a Live Biotherapeutic Product on necrotizing enterocolitis, 
time to full enteral feeding, and mortality in very low birth weight infants: 

Results from the “Connection Study

J. Neu, et al ,submitted for publication 



Necrotizing
enterocolitis 

N IBT 
Events (%)

N Placebo 
Events (%)

p value

Total 1066 93 (8.7%) 1051 107 (10.2%) 0.24
Post 14 days 1032 59 (5.7%) 1023 79  (7.7%) 0.067
Surgical NEC  
Total 1066 8 (0.8%) 1051 15 (1.4%) 0.128
Post 14 días 1061 3 (0.3%) 1046 10 (1.0%) 0.045

NEC Surgical / Death

Total 1066 15 (1.4) 1051 23 (2.3%) 0.124
Post 14 días 1057 6 (0.6) 1044 17 (1.6%) 0.018

IBP-9414 decreased the risk of severe NEC   (surgical or post morthen path) 
after 14 days 

Effects of IBP-9414, a Live Biotherapeutic Product on necrotizing enterocolitis, time to 
full enteral feeding, and mortality in very low birth weight infants: 
Results from the “Connection Study”.

J.Neu, T del Moral, S.Guthrie, M Hudak, , F.Indrio, J.Kim, A.Kronström, C.Martin, N.Modi, 
J.Rastad, R. Singh, S.Strömberg, H.Szajewska, M. Thuresson, M.Caplan



Effects of IBP-9414, a Live Biotherapeutic Product on necrotizing 
enterocolitis, time to full enteral feeding, and mortality in very low birth 

weight infants: Results from the “Connection Study”.

J.Neu, T del Moral, S.Guthrie, M Hudak, , F.Indrio, J.Kim, A.Kronström, C.Martin, 
N.Modi, J.Rastad, R. Singh, S.Strömberg, H.Szajewska, M. Thuresson, M.Caplan

IBP- 9414 Placebo RR (95% CI) P

Mortality 66 (6.2%) 89 (8.5%) 0.73 (0.54 - 0.98) 0.036
Mortality after 14 
days 22 (2.2%) 42 (4.2%) 0.52 (0.31 - 0.85) 0.007

27% 
MORTALITY 
DECREASE 



Effects of IBP-9414, a Live Biotherapeutic Product on necrotizing enterocolitis, time to 
full enteral feeding, and mortality in very low birth weight infants: Results from the 

“Connection Study”.



Probiotic supplement reduces risk of necrotizing
enterocolitis and mortality in preterm very

low-birth-weight infants: an updated meta-analysis of
20 randomized, controlled trial (Wang  2012) 



PROBIOTICOS  IN PERINATOLOGY

• Research  to investigate  specific mechanisms 
of action

• Defining  the strains or combination of strains 
that have clinical benefits 

• Regulations that guarantee the product 
composition and safety 

• Explore strategies on how to prevent dysbiosis  
in premature infant 



Picasso 

Thank you   
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