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Disclosure statement

I have absolutely nothing to 
disclose





Objectives

At the end of the exercise the audience will be 
able to:

1. Broaden their list of differential diagnoses in children with 
refractory diarrhea to include less common entities

2. Describe the salient pathologic features of these enteropathies

3. Discuss the molecular/genetic signatures of microvillus 
inclusion disease, congenital tufting enteropathy and 
enteroendocrine cell dysgenesis

4. Implement the appropriate ancillary studies that will aid in the 
diagnosis of the rarer entities
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Protracted (Intractable) Diarrhea of 
Infancy

 Onset before 3 months of age

 Symptom complex characterized by diarrhea >2 weeks

 Repeatedly negative stool cultures

 Varying degrees of villous atrophy

 Exact etiology is often unclear

 Consequent malnutrition





Enteropathies Presenting with Profuse 
Diarrhea: 

Those with detectable histologic changes 

 Lipid malabsorption

 Celiac disease 

 Cystic fibrosis

 Autoimmune enteropathy

 IPEX Syndrome

 Intestinal lymphangiectasia

 Enteroendocrine Cell Dysgenesis

 α6β4 integrin defects (some with epidermolysis bullosa)

 Congenital Tufting Enteropathy 

 Microvillus Inclusion Disease





Case 1

• 25 day old boy presented with severe watery diarrhea

• He was referred to gastroenterology at an outside hospital where a grossly 
malnourished appearing child was described

• Endoscopic examination showed normal appearing duodenum, stomach, 
esophagus, terminal ileum and colon however biopsies were taken

• The biopsies were read as normal 

• It was recommended that he be switched from breast milk to cow’s milk based 
formula, then soy based formula

• He continued to have protracted diarrhea and was categorized as failure to 
thrive

• He was referred to our institution 

• The slides from the duodenum from his initial biopsy were reviewed at our 
consensus conference
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DIAGNOSTIC IMPRESSION

• Microvillus inclusion disease

• Congenital tufting enteropathy

• IPEX syndrome

• Α6β4 integrin defect

• Enteroendocrine cell dysgenesis



Diagnostic impression

• A junior pediatric pathologist suggested the 
possibility of CTE

• The slides were re-examined in greater detail 
and the remaining slides were retrieved and 
examined 
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Congenital tufting enteropathy

• 3 patients with protracted diarrhea

• 1 girl and 1 boy investigated for unexplained protracted 
diarrhea

• Re-evaluation of biopsies from patients with Dx of 
unclassified intractable diarrhea over previous 25 yrs

• Similar features to those seen in the biopsies of the 2 
current patients were seen in one of the previously 
unclassified patients



Reifen R, Cutz E. et al. J Pediatr Gastroenterol Nutr 1994;18:379-85.
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What is CTE?

 Aka intestinal epithelial dysplasia

 Enteropathy presents in neonatal period

 Characterized by profuse watery diarrhea

 Uneventful prenatal history

 Appears to be inherited in an autosomal recessive 
fashion

 Increased incidence in siblings and with consanguinity



Pathophysiology

 Villous atrophy with tufted, rounded, teardrop-shaped 
enterocytes

 Shedding of enterocytes

 Mutation of EpCAM on chromosome 2p

 Pan-epithelial differentiation antigen and seen in all 
carcinomas

 Immunotherapeutic target in gastrointestinal and urologic 
carcinoma

 Linked to Cadherin-Catenin and WNT pathways



Sivagnanam’s Study

 One family with 2 affected children studied

 Subjects were doubled 2nd cousins

 Genotype performed on 2 affected children and 1 unaffected sibling 
using SNP chips

 DNA sequencing of EpCAM gene, reverse-transcription PCR, IHC and 
western blot on patients’ and control samples

 Unique 6.5 Mbp haplotype of homozygous SNPs on 2p21, site of 40 
genes



Sivagnanam M, Mueller JL, Lee H et al. Gastroenterology 2008; 135:429-37.
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Case 2

 9 month old female infant of Mexican parentage is brought to medical attention 
because of profuse watery diarrhea

 Careful interrogation by the medical student reveals that the diarrhea is brought 
on by oral feeding of any type

 She has no symptomatology after drinking water

 Mom claims that stool output ceases once oral feeding is stopped

 On physical examination the child appears malnourished

 Parameters of infant wellbeing show that the child is at the 15th percentile for 
body length and at the 10th percentile for weight

 She was referred to the gastroenterology service where she had endoscopic 
studies performed 
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Diagnosis
Microvillus inclusion disease 

Congenital tufting enteropathy

α6β4 integrin defect

Enteroendocrine cell dysgenesis

IPEX syndrome



Enteroendocrine cell dysgenesis

 Rare congenital disorder, recently recognized  

 Life threatening intestinal malabsorption early in life

Water is absorbed normally

 Dehydration, metabolic acidosis, malnutrition of all 
nutrients

Most patients are of Mexican origin



Pathophysiology and Pathology

 Arrest in endocrine cell development in small intestine and 
colon

 Biopsies may appear normal or show nonspecific changes on 
H&E

 Absence of enteroendocrine cells revealed by chromogranin 
IHC

 Normal compliment of Paneth, goblet and absorptive cells

 Autoimmune enteropathy may also show loss of 
enteroendocrine cells along with loss of Paneth and Goblet 
cells





Mutant Neurogenin-3 in Congenital
Malabsorptive Diarrhea

Jiafang Wang, B.S., Galen Cortina, M.D., Ph.D., S. Vincent Wu, Ph.D.,
Robert Tran, M.D., Jang-Hyeon Cho, Ph.D., Ming-Jer Tsai, Ph.D.,

Travis J. Bailey, Ph.D., Milan Jamrich, Ph.D., Marvin E. Ament, M.D.,
William R. Treem, M.D., Ivor D. Hill, M.D., Jorge H. Vargas, M.D.,

George Gershman, M.D., Douglas G. Farmer, M.D.,
Laurie Reyen, M.N., and Martín G. Martín, M.D.

N Engl J Med 2006;355:270-80.





Case 3
• 46 day old boy from the Four Corners region of the United 

States 

• Has been having severe bouts of watery diarrhea that 
started mere days after birth

• Parents mention a similar history in a paternal cousin

• The infant appears lethargic 

• He is at the 10th percentile for both body length and 
weight 

• A biopsy showed villous blunting with no significant 
increase in intraepithelial lymphocytes





Diagnostic considerations







Diagnosis 

Microvillus inclusion disease



WHAT DO WE KNOW ABOUT MVID?

 Rare congenital, autosomal recessive disorder

 First described by Davidson 

 Presents within first days of life with protracted diarrhea

 Due to an enterocyte defect 

 Initial survival depends on early recognition and institution 
of TPN

 Intestinal transplant is necessary for long term survival





History

5 infants with persistent severe diarrhea and failure 
to thrive

3 had siblings who died and 1 with a severely ill 
sibling

2 were products of consanguineous marriages

No recognizable disease entity even after exhaustive 
investigation



Davidson GP et al. Gastroenterology 1978; 75:783-90.               
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MICROVILLUS INCLUSION DISEASE

 Nine cases were studied

 An autosomal recessive pattern of inheritance was suspected 

 They speculated that the cause was an inborn error of intracellular transport

 8 of 9 died by age 18 months



GENETICS

 In 1999 Pohl et al. described 5 unrelated cases of 
MVID among the Navajo people and suggested a 
founder effect

Erickson et al. in 2008, identified a shared 
homozygous mutation in MYO5B

Muller et al. reported similar findings in Turkish 
families in 2008

Earlier studies by Caruthers et al. using protein 
electrophoresis implicated myosin



DIAGNOSTIC TOOLS: HISTORY

 Light and electron microscopy, Davidson et al., 1978

 PAS, Schmitz et al., 1982 

 Alkaline phosphatase histochemistry, Lake, 1988

 Polyclonal CEA IHC, Groisman et al., 1993 

 CD10 IHC, Groisman et al., 2002

 Rab 11 IHC, Talmon et al., 2012

 We decided to try a new marker, villin immunohistochemistry, 
as an adjunct in the diagnosis of MVID



Materials

 6 patients with a diagnosis of MVID since 1993
 7 duodenal 
 5 gastric 
 4 colonic 
 1 terminal ileum  

 5 patients with a diagnosis of celiac disease
 All duodenal biopsies

 16 normal controls
 16 duodenal 
 6 gastric
 5 colonic 
 5 terminal ileum 
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Differential diagnosis for enteroendocrine cell dysgenesis

Cortina et al. Human Pathology 2007;38:570–580
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