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Quiz

1. Please define neonatal necrotizing enterocolitis.

2. Is necrotizing enterocolitis a distinct disease? 

3. Do babies with Bell’s Stage 1 or 2 “NEC” have 
intestinal necrosis?

4. Do we have a clear understanding of the 
pathophysiology of “NEC”? 

5. Do we have accurate biomarkers for NEC?

6. Are there clearly effective preventative strategies?

7. Should we start over again and redefine intestinal 
injuries and feeding dysfunctions we are calling 
“NEC”?
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Historical Perspective: Being led 
astray: 60 years---not much 

progress

•Lumping of several 
diseases called 
“NEC” into the same 
data set.

•Animal models do 
not correctly 
represent what we 
see in human 
preterms.

•Narrow focus on 
individual pathways 
rather than systems. 

ppaedb

http://www.surgery.cuhk.edu.hk/paed/ppaedb.jpg


“NEC”





“NEC”

Stage 1,2,3

Spontaneous 
Intestinal 

Perforation

Radiologic 
mistake

“Poopatosis”

Congenital 
Anomalies

E.g., 
Hirschprung’s

Food Protein 
Intolerance

“FPIES”

Cardiogenic

Ischemia

What do we call “NEC”



Warning: We are talking about current concepts 
of pathophysiology, diagnosis and treatment. If we 
don’t have a good definition and if what we are calling 
“NEC” is several different entities, then how can we 
trust our current data sets, basic and clinical studies? 

Disclaimer: The following part of this presentation 

about pathophysiology will discuss our current understanding 
and will hopefully be refined soon. 

NEC Pathophysiology





Healy, DB. Et al, Nature Microbiology, 2022

Preterm vs. Term Intestine
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“Classic” NEC

Neu, J. and Walker , W. A. New England Journal of Medicine, Jan. 2011



Neu, J. , Walker, WA. NEJM, 2011

Pathophysiologic Overview at the 
Barrier: A Perfect Storm



Mean Corrected Gestational Age 
at NEC Diagnosis

Pammi, M. et al. Microbiome, 2017

23 week preterm

29 week preterm



Major Microbiome Sequencing 
Technologies

Adapted from : https://www.neb.com/tools-and-
resources/feature-articles/addressing-challenges-in-
microbiome-dna-analysis

Who’s 
There?

What 
are they 
doing?

https://www.neb.com/tools-and-resources/feature-articles/addressing-challenges-in-






Diagnostic Challenges: Status of 
Data Bases



“Poopatosis”

29-week Gestation Preterm: Abdomen 
Soft, baby taking NG feeds well but 
Incidental Finding on Radiograph



25 week Preterm, 5 days old, 
breast milk, on hydrocortisone for 

“hypotension”---distended 
abdomen. 





Is there a Clear Definition of NEC? 
Bells is Broken

•Stage 1-Too non-specific 
and the term should not 
be used.

•Stage 2-Radiographic 
signs can be “fuzzy”. 

•Stage 3- Free air on 
radiograph could signify 
intestinal necrosis or 
Spontaneous Intestinal 
Perforation (SIP)





Neu, J. Modi N., JAMA Pediatrics Dec. 2024



The term “NEC” has been 
misused for decades!!

Why should we say “necrosis” 

when the evidence in most 

cases is lacking? 



Preventative Strategies



Routine Use of Probiotics 
for Prevention of “NEC”



Deshpande, G. Pediatrics, 2010

Meta-Analysis -NEC



Cochrane Review of 60 trials with 11,156 
infants: July 26, 2023

Authors' conclusions:
Given the low to moderate certainty of evidence for 
the effects of probiotic supplements on the risk of NEC 
and associated morbidity and mortality for very 
preterm or VLBW infants, and particularly for 
extremely preterm or ELBW infants, there is a need for 
further large, high-quality trials to provide evidence of 
sufficient validity and applicability to inform policy 
and practice.



“Given the lack of FDA-regulated pharmaceutical 
Grade products in the United States, conflicting
data on safety and efficacy,, and potential for 
harm in a highly vulnerable population, 
current evidence does not support the routine
universal administration of probiotics to 
preterm infants, particularly with a birthweight
of <1000 grams.”



What is the 
difference between 

a probiotic and a Live 
Biotherapeutic 

Product?



Connection Study: Historical Perspective

2012 - Work initiated by IBT (Infant Bacterial Therapeutics).  Existing data was unclear with several  
small trials, meta-analyses. 

2013 - Discussions commenced with FDA and European Agency.

2016 - Initiation of Phase 2 trial under IND.

2016- ongoing - Safety concerns about probiotic agents (mucormycosis, sepsis, 
most recent FDA warning after sepsis and death).

2024 - Enrollment of Phase 3 Connection study completed in summer. 



Objectives

Evaluate the first live biotherapeutic product, IBP-9414 vs. sterile 
water placebo in very low birthweight infants in terms of:

• Safety

• Prevention of NEC (primary endpoint)

• Improved sustained feeding tolerance (primary endpoint)

• Reduction of deaths due to any causes (secondary endpoint)

• Decrease in severity of NEC

• Other prespecified outcomes such as length of hospitalization, 
growth, other morbidities



2117 
Treated 
Infants

Birth weight 500-1,500 grams (overall 
median 850 grams)

• 551 infants (26%) with 500-749 grams

• 1351 infants (64%) with 750-1,000 grams

• 215 infants (10%) with 1,001-1,500 grams

Females (50%), Caucasian (58%), 
Black/African American (27%), cesarean 
section (77%)

Well balanced groups treated with IBP-
9414 and placebo with respect to  birth 
weight, age, sex, geographic region, race, 
ethnicity, method of delivery etc



  

Necrotizing Enterocolitis (NEC)

NEC IBP-9414 Placebo RR (95% CI) P

NEC, all mITT 93 (8.7%) 107 (10.2%) 0.86 (0.66 - 1.11) 0.248

1. (mITT) population (defined as infants receiving at least one dose of IBP-9414)



  

Necrotizing Enterocolitis (NEC)

NEC IBP-9414 Placebo RR (95% CI) P

NEC, all mITT 93 (8.7%) 107 (10.2%) 0.86 (0.66 - 1.11) 0.248

NEC beyond day 14d 59 (5.7%) 79 (7.7%) 0.74 (0.53-1.02) 0.067

NEC by surgery beyond day 

14d 3 (0.3%) 10 (1.0%) 0.29 (0.08-1.06) 0.046

Taking the heterogeneity of the disease, the difficulty in x-ray analysis 
and time required for the pharmacodynamic effect 

1. (mITT) population (defined as infants receiving at least one dose of IBP-9414)



  

IBP-9414 - Reduction of Mortality

● Pharmacodynamic effect 
of IBP-9414 observed 
after 14 days of 
treatment

● Preventive effects on 
mortality coincides with 
when NEC and BPD 
occur in preterm 
infants

All-cause deaths IBP-9414 Placebo RR (95% CI) p

Deaths mITT 66 (6.2%) 89 (8.5%) 0.73 (0.54 - 0.98) 0.036

Deaths, beyond 14d 22 (2.2%) 40 (4.0%) 0.54 (0.33-0.89) 0.014

1. (mITT) population (defined as infants receiving at least one dose of IBP-9414)



Conclusions

Largest study ever of a live biotherapeutic product in premature infants

● Numerical benefit of IBP-9414 treatment on NEC and SFT

○ NEC ambiguous clinical diagnosis unless laparotomy or autopsy are performed

○ SFT hampered by variable adherence to advocated enteral feeding protocol

● Significant reduction of the risk of death from any cause

● No concerns as to safety 

● Lactobacillus reuteri never found in blood cultures taken for clinical suspicion of sepsis

Positive benefit-risk of IBP-9414 in premature infants born at very low birth weight



Canadian Study: “Effectiveness and 
Risks of Probiotics in Preterm Infants” : 
Alshaikh BN, Ting J, Lee S, et al. Effectiveness and Risks of Probiotics in Preterm Infants. Pediatrics. 2025;155 (3):e2024069102

•Review of 32,667 infants born before 34 
weeks gestation in Canadian Neonatal 
Network. Probiotics vs. no probiotics.

•No difference in NEC or sepsis between the 
groups.

•Decreased mortality rate (aOR 0.62, CI 0.53-
0.73).

•Probiotic sepsis seen in 31 infants, 3 died. 



“NEC

”

Studies on “NEC” are problematic: 
WHY?





Agenda

The Future:

How can we mesh AI with multiomics and 
diagnostics and therapeutics in neonatology? 



Unsupervised Machine Learning



Unsupervised machine learning: 
Starting all over again

Surgical 

cluster
Leukocytosis

cluster
Non-surgical 

cluster

Very premature

Early Injury

cluster

Mature

With Early 

Injury

cluster

Gipson, et al. Pediatric Research, 2024





Developing an Improved Taxonomy: 
Why Multiomics

Multiomic Integration Systems Biology Mechanism



Strategy for the Future (one 
possible approach)

1. Make believe the term necrotizing 
enterocolitis never existed for 
neonates. 

2. Evaluate large datasets of preterm 
infants with various forms of feeding 
intolerance, putative intestinal 
problems, defined intestinal 
problems and perform unsupervised 
clustering.

3. Prospectively cluster infants using 
unsupervised AI, collect samples and 
utilize integrated multiomics to 
interrogate mechanisms. 

4. Delineate clinical features and 
biomarkers that can be used for 
early detection for each cluster.

5. Develop preventative and 
therapeutic measures based on 
pathophysiologic mechanism. 
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