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More people you should know about… 

A neonatal mouse model of intestinal perforation: investigating the harmful synergism 

between glucocorticoids and indomethacin. 

Gordon PV, Herman AC, Marcinkiewicz M, Gaston BM, Laubach VE, Aschner JL. 

J Pediatr Gastroenterol Nutr. 2007 Nov;45(5):509-19 

New insights into spontaneous intestinal perforation using a national data set: (1) SIP is associated with early indomethacin exposure. 
Attridge JT, Clark R, Walker MW, Gordon PV. 
J Perinatol. 2006 Feb;26(2):93-9. 
New insights into spontaneous intestinal perforation using a national data set: (2) two populations of patients with perforations. 

Attridge JT, Clark R, Walker MW, Gordon PV. 

J Perinatol. 2006 Mar;26(3):185-8. 
New insights into spontaneous intestinal perforation using a national data set (3): antenatal steroids have no adverse association with 
spontaneous intestinal perforation. 
Attridge JT, Clark R, Gordon PV. 
J Perinatol. 2006 Nov;26(11):667-70. Epub 2006 Oct 5 
 

Can a national dataset generate a nomogram for necrotizing enterocolitis onset? 

Gordon PV, Clark R, Swanson JR, Spitzer A. 

J Perinatol. 2014 Oct;34(10):732-5. doi: 10.1038/jp.2014.137. Epub 2014 Jul 31. 

Emerging trends in acquired neonatal intestinal disease: is it time to abandon Bell's criteria? 

Gordon PV, Swanson JR, Attridge JT, Clark R. 

J Perinatol. 2007 Nov;27(11):661-71. Epub 2007 Jul 5. Review 
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Uncomfortable Facts about NEC Research: 

1. Our data has problems 

 a. Animal 

 b. Clinical 

 

2. Current definition(s) of NEC are inadequate 

 

3. We must create big, clean clinical datasets 

 

4. Subgroups of NEC contain many of our answers 
(next talk)   

 



What’s wrong with our animal models? 

Mice / rats are not sufficiently premature; almost all models 

use a stereotypic insult whereas NEC is multifactorial; Humans 

transfer immunoglobulin across placenta versus all common 

animal models transfer via clostrum or milk i.e. breast fed 

controls do not approximate the human condition at all; 

hypoxia is thought to be a rare precedent event but almost 

universally used to cause NEC in animals; there is only one 

animal model that approximates transfusion associated NEC; 

there is no animal model that approximates cows milk 

intolerance associated NECs; Pigs and sheep are not 

sufficiently premature; The Fc receptor within the rodent 

intestine has been shown to have increased affinity for 

antibodies during cell necrosis - making immunolocalization 

problematic in animal models of NEC; NEC-like histology in 

animal models needs to be standardized (again). 



Smad7 inhibits autocrine expression of 

TGF-β2 in intestinal epithelial cells in 

baboon necrotizing enterocolitis 

 

Kopperuncholan Namachivayam et al. 

 

Am J Physiol Gastrointest Liver Physiol. 

2013 Jan 15; 304(2): G167–G180.  

The only non-human example of preterm NEC that is an ideal model…  

is spontaneous NEC in the preterm baboon 
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The public is not going to 

tolerate the preterm 

baboon as a model for 

NEC and the NIH is not 

going to pay for it. 

Rodents are the obvious 

answer because they can 

be genetically manipulated 

relatively easily 



Human Ileum Vs Rat Ileum with mucosal necrosis  



An intrinsic pitfall in rodents is that the FC receptor has increased affinity for 

immunoglobulins during ileal cell apoptosis / ileal necrosis via  4 N-glycosylation 

sites (versus only 1 in primates) 

EJ Neonatol Res. 2011 Mar 3; 1(1): Ileal Immunoglobulin Binding by the Neonatal Fc Receptor: A Previously Unrecognized Mechanism of Protection in the 

Neonatal Rat Model of Necrotizing Enterocolitis? Jonathan R. Swanson et al., AVAILABLE ON PUBMED 
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Another serious potential flaw with rodent models of NEC is use of dam fed controls 

Dam fed rodents have full passive immunity. There is no way to reconstitute passive immunity in 

preterm humans. Comparison of “treated” and formula fed vs untreated dam fed is an apples and 

oranges comparison. Experienced animal researchers understand this, but every now and then I 

see a paper where it is conveniently forgotten. 



Breast milk first evolved to impart passive immunity to offspring 

Rodent models of NEC have 

reconstituted passive immunity when 

dam fed.( I.e. formula vs dam fed controls 

are not relevant to humans) 

(We are unlikely to understand dysbiosis in rodents) 



Role of asphyxia and feeding in a neonatal rat model of necrotizing enterocolitis. 

Caplan MS, Hedlund E, Adler L, Hsueh W. 

Pediatr Pathol. 1994 Nov-Dec;14(6):1017-28 

 

Intestinal epithelial apoptosis initiates gross bowel necrosis in an experimental rat model of neonatal 

necrotizing enterocolitis. 

Jilling T, Lu J, Jackson M, Caplan MS. 

Pediatr Res. 2004 Apr;55(4):622-9. Epub 2004 Feb 5. 

 

 

The Story of Mickey Caplan 
& the Dirty  

Feeding Catheter  
(for pups in cups) 

https://www.ncbi.nlm.nih.gov/pubmed/7855004
https://www.ncbi.nlm.nih.gov/pubmed/14764921
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From Mickey’s cup in the pup model, there are now many derivations of 

rodent NEC models, most involve multiple insults 

dithizone 



NEC-like 
disease 

N
E
C 

Preterm 

N
E
C 

Term 



Toll-Like Receptor–Mediated Intestinal Inflammatory Imbalance in the Pathogenesis of Necrotizing 

Enterocolitis 

David J. Hackam, Chhinder P. Sodhi 

Cell Mol Gastroenterol Hepatol. 2018; 6(2): 229–238.e1. 

Dysbiosis What kitchen sink models can’t tell us… 
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The NFKB1 (g.-24519delATTG) variant is associated 

with necrotizing enterocolitis (NEC) in premature infants. 

Sampath V, Le M, Lane L, Patel AL, Cohen JD, Simpson 

PM, Garland JS, Hines RN. 

J Surg Res. 2011 Jul;169(1):e51-7 

Genetic polymorphisms of CD14, toll-like receptor 4, and caspase-

recruitment domain 15 are not associated with necrotizing 

enterocolitis in very low birth weight infants. 

Szebeni B, Szekeres R, Rusai K, Vannay A, Veres G, Treszl A, 

Arató A, Tulassay T, Vásárhelyi B. 

J Pediatr Gastroenterol Nutr. 2006 Jan;42(1):27-31 

A functional ATG16L1 (T300A) variant is associated with 

necrotizing enterocolitis in premature infants. 

Sampath V, Bhandari V, Berger J, Merchant D, Zhang L, Ladd M, 

Menden H, Garland J, Ambalavanan N, Mulrooney N, Quasney 

M, Dagle J, Lavoie PM, Simpson P, Dahmer M. 

Pediatr Res. 2017 Apr;81(4):582-588. doi: 10.1038/pr.2016.260. 

Current human data looking for polymorphisms associated 
with NEC suggest that increased gain of intracellular 
apoptotic signaling may be more vulnerable to point 
mutation than the interface between TLR4 and dysbiosis. 

SIGIRR genetic variants in premature infants with necrotizing 

enterocolitis. 

Sampath V, Menden H, Helbling D, Li K, Gastonguay A, 

Ramchandran R, Dimmock DP. 

Pediatrics. 2015 Jun;135(6):e1530-4. doi: 10.1542/peds.2014-3386.  

SIGGR 
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Adaptive evolution and functional constraint at TLR4 during the 

secondary aquatic adaptation and diversification of cetaceans. 

Shen T, Xu S, Wang X, Yu W, Zhou K, Yang G. 

BMC Evol Biol. 2012 Mar 24;12:39. 

Contrasted evolutionary histories of two Toll-like receptors (Tlr4 

and Tlr7) in wild rodents (MURINAE). 

Fornůsková A1, Vinkler M, Pagès M, Galan M, Jousselin E, Cerqueira 

F, Morand S, Charbonnel N, Bryja J, Cosson JF. 

BMC Evol Biol. 2013 Sep 12;13:194. doi: 10.1186/1471-2148-13-194. 

 

Extracellular 
domain 

Human Chimp Baboon Rat Mouse Hamster 

 Human 100% 

 Chimp  99.6% 100% 

 Baboon  91.5%  91.5% 100% 

 Rat  61.3%  60.7%  59.4% 100% 

 Mouse  61.9%  62.0%  60.1%  82.9% 100% 

 Hamster  64.3%  64.2%  62.5%  73.8%  74.8% 100% 

Phylogenetic variation and polymorphism 
at the toll-like receptor 4 locus (TLR4). 
Smirnova I, Poltorak A, Chan EK, McBride 
C, Beutler B. 
Genome Biol. 2000;1(1).  

There is more polymorphic diversity between mice and men than 
between whales and hippos with respect to the extracellular 
domain of TLR4. 
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Endothelial nitric oxide synthase in human intestine resected for necrotizing enterocolitis. 

Nowicki PT, Caniano DA, Hammond S, Giannone PJ, Besner GE, Reber KM, Nankervis CA. 

J Pediatr. 2007 Jan;150(1):40-5. 

Intestinal O2 consumption in necrotizing enterocolitis: role of nitric oxide. 

Nowicki PT, Reber KM, Giannone PJ, Nankervis CA, Hammond S, Besner GE, Caniano DA. 

Pediatr Res. 2006 Apr;59(4 Pt 1):500-5. Select item 160844023. 

Endothelin-1 in human intestine resected for necrotizing enterocolitis. 

Nowicki PT, Dunaway DJ, Nankervis CA, Giannone PJ, Reber KM, Hammond SB, Besner GE, Caniano DA. 

J Pediatr. 2005 Jun;146(6):805-10.  

The Story of Phil Nowicki & the Bloody Scours 

https://www.ncbi.nlm.nih.gov/pubmed/17188611
https://www.ncbi.nlm.nih.gov/pubmed/16549519
https://www.ncbi.nlm.nih.gov/pubmed/15973323
https://www.ncbi.nlm.nih.gov/pubmed/15973323
https://www.ncbi.nlm.nih.gov/pubmed/15973323


Acute necrotizing enterocolitis of preterm piglets is characterized by dysbiosis of ileal mucosa-associated bacteria. 

Azcarate-Peril MA, Foster DM, Cadenas MB, Stone MR, Jacobi SK, Stauffer SH, Pease A, Gookin JL. 

Gut Microbes. 2011 Jul-Aug;2(4):234-43. doi: 10.4161/gmic.2.4.16332. Epub 2011 Jul 1 

Fecal microbiota in premature infants prior to necrotizing enterocolitis. 

Mai V, Young CM, Ukhanova M, Wang X, Sun Y, Casella G, Theriaque D, Li N, Sharma R, Hudak M, Neu J. 

PLoS One. 2011;6(6):e20647 

Do premature piglets 
and premature humans 

have the opposite 
version of dysbiosis from 

one another? 

Probably not, it seems likely that the piglets have 
a more uniform, Claustridia dominant form of 
NEC but humans have more diverse etiologies 

Early intestinal bacterial colonization and necrotizing enterocolitis 

in premature infants: the putative role of Clostridium. 

de la Cochetiere MF, Piloquet H, des Robert C, Darmaun D, 

Galmiche JP, Roze JC. 

Pediatr Res. 2004 Sep;56(3):366-70. 
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Some final thoughts about Animal Models… 
1. Complementary descriptive experiments in banked human tissue from surgical NEC  improve 

the validity of any animal model (see Misty Good) and these are even better with SIP controls 
(e.g. Steve McElroy) 

 

2. Rodent models that recapitulate the precedent anecedents associated with NEC or NEC 
subsets are better (see Akhil Maheshwari or Steve McElroy) 

 

3. Genetics. Specifically, genetic modifications that recapitulate or further inform us about 
polymorphisms that have already been associated with human NEC (and therefore have clear 
translational validity). I keep waiting for someone to do this… 

 

SUMMARY:  The key to great animal research is finding a subset or specific pathologic aspect 
  of human NEC that is accurately recapitulated in an animal model. Using kitchen 
  sink models is not necessarily invalid, but its going to be harder to understand 
  their value at the bedside as we move towards a subset approach to prevention. 



What’s wrong with our clinical data? 

Statistical 

Power 

Clean 

Data 



This is how we want our NEC data to look… 

This is how it actually looks… 
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1)NEC is not normally distributed. 

 

2)NEC is intolerably confounded. 

 

3)NEC is decreasing. 

Why we must convert to a better,  

universal NEC definition: 



1) NEC is NOT normally 

distributed. Older infants 

have lower incidence but 

there are lots more of 

them. For this reason 

grouping of term with 

preterm NEC for 

statistical analysis is 

wrong. Use of parametric 

statistics in preterm NEC 

is also usually wrong.  

1998 



2) NEC is intolerably confounded by Spontaneous Intestinal 
perforations (SIP) 



SIP 

NEC 

data 
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Doctors, this data is strange! There should be more elephants in it! 
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Your problem may not be so huge once you actually get to know it 

SIP 

Cleaner NEC data, Better NEC CQI, Ideal control group for surgical NEC…. 

NEC Researcher 



Paneth cell ablation in the presence of Klebsiella pneumoniae induces necrotizing enterocolitis (NEC)-like 

injury in the small intestine of immature mice. 

Zhang C, Sherman MP, Prince LS, Bader D, Weitkamp JH, Slaughter JC, McElroy SJ. 

Dis Model Mech. 2012 Jul;5(4):522-32.  

https://www.ncbi.nlm.nih.gov/pubmed/22328592
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100,000 babies campaign:  
human milk, standardized feeds, antibiotic stewardship, central line hygiene  

AND comparatively accurate exclusion of SIP 

3) The incidence of NEC is decreasing. So it is getting harder 

to power NEC investigations.  

 



We have to start looking at NEC in a different way….  

 

Single centers / disciplines /systems 

researching NEC from their preferred 

viewpoint 

Large, accessible dataset(s) with a common 

NEC definition and subgroup categories 



 

The Two Out of Three Rule (Gordon & Swanson): 
a simple way to diagnose preterm NEC at the bedside 
 

Patients may be given a diagnosis of Preterm NEC if they have abdominal 
distension, ileus and/or bloody stools and meet at least 2 criteria below: 
1. Pneumatosis and / or portal air on an abdominal x-ray at presentation 
2. Persistent platelet consumption (<150,000 x 3 days after diagnosis) 
3. Post menstrual age at disease onset is more consistent with medical NEC 

than SIP 
 

Patients excluded from a diagnosis of Preterm NEC: 
1. Infants known to have a spontaneous intestinal perforation 
2. Infants with complex congenital anomalies 
3. Infants being fed < 80 ml/kg/day 
4. Infants > 36 weeks gestation 

 



Copyright © 2014 Nature Publishing Group.  Published by Nature Publishing Group. 2 

Can a national dataset generate a 
nomogram for necrotizing 
enterocolitis onset?. 
 
Gordon, P; Clark, R; Swanson, J; 
Spitzer, A 
 
Journal of Perinatology. 34(10):732-
735, October 2014. 
DOI: 10.1038/jp.2014.137 

Figure 3.  The median postmenstrual age at diagnosis of NEC-Medical ([black small square]), NEC-Surgical ([DELTA]) and SIP (*) within 
gestational age groups showing how postmenstrual age at diagnosis increases with increasing gestational age. NEC surgical and SIP were 
diagnosed earlier in infants with a gestational age =<32 weeks. The bars represent the 10th to 90th percentiles for each group. 

Onset Timing of NEC Vs SIP. 





Why Bells Must be Abandoned (instead of modified): 
 
1) Because we must have a definition that reflects gestational differences 

 
2) Because we must have a definition that acknowledges subgroups and excludes 

confounders (particularly SIP and major congenital anomalies). 
 
 
 
 
 
 
 
 
 
 
 
 

3) Because we have to reduce the noise in our literature, by giving those who have less 
expertise a “clean break” in their methodology. 
 

4) Because we have to build big data on clean data. 
 

5) Because emerging assays and artificial intelligence data need to be based on patient 
cohorts that actually consist of NEC as the primary disease. 

Number of articles published per year 

on PubMed since 1952 to 2015 (July). 

(from a Dr Pierro publication) 



I want to apologise to anyone who I have not 
offended. Please be patient. I will get to you shortly. 


