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INTRODUCTION

Acute diarrhea, in the industrialized world, is usually self-limited, infectious in nature,
and rarely requires biopsy evaluation. Chronic diarrhea can cause failure to thrive, frequently
results in intestinal biopsy and may require parenteral nutrition and other forms of therapy.
Protracted diarrhea has replaced the older term “intractable diarrhea” in the Gl literature and
denotes a syndrome of severe diarrhea, usually occurring in infants less than a year of age and
requiring aggressive nutritional and sometimes immunosuppressive management. Though not
strictly synonymous with chronic diarrhea, the two are frequently used interchangeably. Several
recent reviews on the subject of protracted diarrhea in childhood are available[1-4].

Disorders resulting in chronic diarrhea of childhood can be grouped into several major
pathophysiologic categories:
l. Congenital transport disorders and disaccharidase deficiencies
1. Disorders of enterocyte development
I11.  Inflammatory and Immune-mediated disorders
IV.  Systemic disorders and Tumors
V. Motility disorders
VI.  Endocrine disorders — congenital adrenal hyperplasia
VII. Infections — “blind loop”, Giardia, HIV
VIII. Anatomic disorders — Malrotation, short gut, lymphangiectasia

IX.  Pancreatic disorders — Cystic fibrosis, Shwachman disease
During the past twenty years, enteric infections and food intolerance have been replaced

by rarer congenital conditions, partly due to greater awareness of these entities as well as due to

improvements in diagnosis and management



1977-1993 1993-1996 1997-2001

(N=38) (N=32) (N=61)
ETIOLOGY n(%) n(%) n(%)
Enteric infection 18 (48) 4 (12) 2 (3)
Food intolerance 8 (22) 3 (10) 10 (17)
Autoimmune enteropathy 2 (5) 8 (25) 7(12)
Structural enterocyte defects 2 (5) 7(22) 16 (26)
Celiac disease 1(2.5) 0(0) 0(0)
Eosinophilic enteropathy 1(2.5) 1(3) 0(0)
Lymphangiectasia 1(2.5) 1(3) 2(3)
Motility disorders 2 (5) 3(9) 16 (26)
Munchausen syndrome by proxy 0(0) 0 (0) 1 (15)
Unknown 3(7.5) 5 (16) 7(11)

From: Guarino A and DeMarco G. Persistent Diarrhea, chapter 10, in Pediatric Gastrointestinal Disease, 4™ edition
(2004)

In evaluating intestinal biopsies, it is helpful to remember that disorders resulting in
severe diarrhea tend to cluster in different age groups:

Infant Toddler
e Microvillus inclusion disease
e Autoimmune enteropathy
e Milk and soy protein intolerance Giardiasis
e Protracted infectious enteritis Sucrase-isomaltase deficiency
e Hirschsprung’s disease e Tumors
¢ Congenital transport defects o Celiac disease
e Munchausen syndrome by proxy Inflammatory bowel disease

Irritable colon of childhood
Protracted infectious enteritis

Modified from Vanderhoof J.A. p.32-42 ch 3 in Pediatric Gastrointestinal Disease, Wyllie R. And Hyams J.S., eds W.B.
Saunders, 1999

The type of diarrhea can also offer clues: Osmotic diarrhea results from an increased
osmotic load in the distal small bowel and colon, with an osmotic “gap” in stool electrolytes, and
usually stops when oral feeding is discontinued. It is usually associated with disaccharidase
deficiencies and transport disorders, decreased absorptive surface (microvillous inclusion
disorder) and hypermotility disorders. On the other hand, secretory diarrhea is characterized by

an exudate of mucous, protein or blood, and a variable response to withholding of oral feeds.



Disorders usually associated with secretory diarrhea include congenital fluid transport disorders,
inflammatory disorders and increased secretion of gastrointestinal activating substances.

In evaluating intestinal biopsies, disorders that cause protracted diarrhea in early
life can be broadly divided into those in which villus architecture is maintained, and those

characterized by villus atrophy:

Normal villous morphology

Congenital chloride diarrhea

Congenital carbohydrate malabsorption
Congenital sucrose isomaltase deficiency
Congenital bile acid malabsorption

Lipid-filled enterocytes

Abetalipoproteinemia
Chylomicron retention disorder

Villous atrophy

Pauci-inflammatory
Microvillous inclusion disease
Epithelial dysplasia

Inflammatory
Autoimmune enteropathy
IPEX
Enterocolitis with dysmorphic features
Congenital immunodeficiency disorders
Milk intolerance
Gluten-sensitive enteropathy

Most transport disorders and diasaccharidase deficiencies do not result in appreciable
histologic changes on intestinal biopsies. In fact, normal findings on an intestinal biopsy should

prompt the clinician to search for one of these entities.



Lipid transport disorders such as  Abetalipoproteinemia, homozygous
hypolipoproteinemia and chylomicron retention disease (Anderson disease) are characterized by
accumulation of lipid within the enterocytes and clinical characteristics, such as fat
malabsorption, low levels of serum lipids, failure to thrive in childhood, neurologic and visual
problems resulting from malabsorption of fat-soluble vitamins. These conditions are associated
with disorders of apolipoproteins, which reside on the surface of chylomicrons. Apoliproproteins
native to the intestine are apolipoprotein (apo) A-l, apo A-1V, and apoB, which has two forms:

apo B-100 and apo B-48, both encoded by the same gene located on chromosome 2[5].

Abetalipoproteinemia_is an autosomal recessive disorder characterized by the absence of

Microsomal Triglyceride Transfer protein (MTP), responsible for assembly of lipoprotein
particles, and for the proper folding of ApoB, preventing its premature degradation[6]. Patients
have diarrhea and fat malabsorption usually appearing within the first few months of life, with
acanthocytosis, and deficiencies in fat-soluble vitamins resulting in retinitis pigmentosa and
neurologic symptoms. Serum levels of cholesterol and triglycerides are typically low, and do not
rise after a fatty meal. Fat-filled enterocytes are noted on intestinal biopsies of fasting patients,
which on electron microscopy are irregular in size and generally non-membrane-bound. No lipid

is noted in the extracellular space. Chylomicron retention (Anderson) disease is similar to

abetalipoproteinemia in its gastrointestinal manifestations and impact on growth, though
acanthocytosis is usually absent and neurologic and ocular abnormalities are much less severe.
Also, in contrast to abetalipoproteinemia, serum fasting triglyceride levels are normal and
hypocholesterolemia is less marked. The basis for the disorder appears to be an inability to
export chylomicrons from the enterocyte into lacteals[7]. Fat-filled enterocytes are also seen in

small bowel biopsies. On ultrastructure, lipid droplets are more uniform in size than the droplets



in abetalipoproteinemia, and some appear to be bounded by the membranes of the endoplasmic

reticulum[8].

Microvillus Inclusion Disease ( MVID)

Initially described by Davidson et al in 1978, and subsequently by investigators in other
parts of the world, MVID is characterized by refractory secretory diarrhea occurring within the
first week of life[9, 10]. There is a roughly equal sex incidence. Birth history is usually
unremarkable, without evidence of polyhydramnios, as is seen in congenital chloride diarrhea.
Tests of small intestinal function are diffusely abnormal[11]. The pattern of inheritance appears
to be autosomal recessive[10].

Small bowel biopsies are characterized by severe villus atrophy, with little or no crypt
hyperplasia, and without significant inflammation. The pathognomonic features are present on
ultrastructural study and include absent or small stubby microvilli, vesicular structures located
towards the apex of the enterocytes containing microvilli, and granules containing dense
amorphous material. Even without an electron microscope, this disease can be strongly suspected
on paraffin sections by the absence of a distinct brush border on the periodic-acid-Schiff (PAS)
stain, and by the presence of PAS-positive diastase-resistant densities at the apex of the
enterocytes. Similar observations are noted using immunohistochemical staining for alkaline
phosphatase, CEA, and more recently, with anti-CD 10, a membrane-associated neutral
peptidase[12]. Microvillus inclusions have also been reported in the colon, gallbladder and renal
tubular epithelium in these patients[11]. These inclusions can sometimes be difficult to detect,
and several biopsies may be required to identify them. It appears that MVID represents a

spectrum of entities, ranging from cases with typical early presentation and diagnostic inclusions



on EM, to cases in which the clinical presentation is atypical, or cases in which inclusions either
cannot be demonstrated (microvillus dystrophy), or the inclusions are “atypical”[13-16].

In a multicenter survey of 23 patients with MVID, the one-year survival was less than
25%][10]. Medical therapy in these patients has generally proven to be ineffective and small
intestinal transplantation currently is the best treatment[10, 17, 18]. Instances of apparent
resolution of the disease with improvement of the mucosal features on long-term TPN have been

reported[19].

Tufting Enteropathy (Epithelial dysplasia )

First described by Reifen et al, then by Goulet and colleagues, patients with tufting
enteropathy present in the neonatal period with a watery diarrhea. Prenatal history is uneventful
and the disease appears to be inherited in an autosomal recessive fashion, as suggested by the
finding of other affected siblings and frequent parental consanguinity[20, 21].

Its histological hallmarks are severe villus atrophy with the formation of “tufts” of
rounded, tear-drop shaped enterocytes which appear to shed into the lumen. There may be a mild
increase in the lamina propria inflammatory cells, but intraepithelial lymphocytes (IELs) do not
appear to be significantly increased. Transmission electron microscopy has revealed a normal
brush border. Abnormalities in immunohistochemical staining for basement membrane laminin
and heparan sulfate proteoglycan, ultrastructural irregularities of desmosomes, and abnormal
distribution of a2B1 integrin have been observed in patients with this disorder, suggesting that
the early onset of the disease and its characteristic histomorphological changes may result from
abnormal cell-cell and cell-matrix interaction[22, 23]. Dietary manipulations, antibiotic and
immunosuppression have proven ineffective in these patients, and long-term TPN and small-

bowel transplantation are the current treatment options for these patients[11].



A probably related disorder resulting from the absence of intestinal epithelial o634
integrin has been described. The salient features are severe watery diarrhea in the first two weeks
of life in association with pyloric atresia, with extensive sloughing of the epithelium observed on

biopsies[24].

Autoimmune Enteropathy

The term “autoimmune enteropathy”(AIE) was proposed by Unsworth and
Walker-Smith to describe a syndrome of protracted diarrhea with the presence of autoantibodies
against gut epithelium[25].

More than 100 cases have since been reported in the past twenty years[26], most cases
occurring in infancy or the first year of life. There is a strong male preponderance, family history
of other affected siblings, frequent extra-intestinal involvement and various circulating
autoantibodies[27, 28]. However, this entity has also been reported in older children[29] and
even adults[30-32], in whom it may be responsible for a proportion of cases referred to as
“refractory sprue”. Intestinal biopsies in most of the reported cases are characterized by severe
villus atrophy and variable crypt hyperplasia. Concomitant colitis and gastritis are present in the
majority of cases. Marked inflammatory destruction of intestinal crypts with extensive apoptosis
is a feature noted in many of the cases. These findings are similar to those noted in severe
intestinal graft-versus-host disease, and suggest an abnormal immune-mediated attack against
intestinal epithelium.

The hallmark of this entity is the presence of circulating anti-enterocyte antibodies

manifest as positive staining in a linear pattern along the apex and baso-lateral border of the



enterocyte by indirect immunofluorescence[27]. The antibodies are predominantly 1gG, and have
been described as complement-fixing, though IgM and IgA have also been described[33].
Antibodies reacting against mucus or goblet cells have also been described in occasional patients
with an apparently related entity, and intestinal biopsies in these cases have shown a marked
depletion of goblet cells[29, 34].

Extra-intestinal disease in these patients includes insulin-dependent diabetes,
glomerulopathy and hemolytic anemia, as well as pulmonary and dermatologic
manifestations[26]. Numerous autoantibodies have been detected in these patients, including
anti-smooth muscle, anti-endoplasmic reticulum, anti-mitochondrial, anti-parietal, anti-adrenal,
as well as anti-DNA and anti-ANA antibodies.

AIE has been associated with with several immunodeficiencies and autoimmune diseases:

Autoimmune Enteropathy: Associated Conditions
« IPEX Immunodysregulation / polyendocrinopathy / enteropathy / X-linked.
« Immunoosseous dysplasia, Schimke type
« Usher syndrome (hyperinsulinism with enteropathy and deafness)
« Autoimmune Polyendocrinopathy, Candidiasis and Ectodermal dysplasia

Perhaps the most well- recognized such association is with the X-linked syndrome of
Immunodysregulation, Polyendocrinopathy and Enteropathy (IPEX) syndrome, initially
described by Powell[35]. This syndrome has been related to mutations of the FOX P3 gene
(Xp11.23-Xq13.3)[36, 37], and is the human equivalent of scurfy in the mouse[38]. The protein
encoded by the gene, Foxp3, is expressed in regulatory CD4+/CD25+ T cells and is essential for

immune homeostasis[39]. Scurfy mice are characterized by failure to thrive, overexpression of



CD4+/CD8+ lymphocytes, extensive multiorgan inflammatory infiltration and over production
of cytokines[40].

Mortality in cases of AIE has been high, occurring in up to one-third of reported cases, but
more frequent in the older descriptions. Diet changes and steroids alone have been largely
ineffective, and the use of immunosuppressants appears to be necessary in most cases.
Cyclosporine has induced a remission in several studies, though some remained resistant. A
positive response to Tacrolimus has been reported in patients refractory to other therapies[41,
42].

“Syndromatic Diarrhea”

Girault et al described a group of patients with dysmorphic features, consisting of a
prominent forehead, broad nose, hypertelorism and wooly, easily removable abnormal hair
(trichorrhexis nodosa), in association with intractable diarrhea and immunodeficiency, which
they termed “syndromatic intractable diarrhea”, because of the constellation of extra-intestinal
manifestations[43]. Most of the patients reported were of Middle Eastern origin, and there was
parental consanguinity and a history of similarly affected siblings. The immunodeficiency was
characterized by impaired T-cell and antibody responses despite normal immunoglobulin levels.
Intestinal biopsies revealed moderate villous atrophy without a conspicuous increase in
inflammatory cells.

Other syndromes associated with early severe diarrhea include:

e Epidermolysis Bullosa with Pyloric atresia

e Tricho-hepato-enteric syndrome

e Infantile Systemic Hyalinosis

e Phosphomannose Isomerase Deficiency (CDG type Ib)
e Hypohidrotic Ectodermal Dysplasia

e Progressive Familial Cholestasis, PFIC | (ATP8B1)



e Lysinuric Protein Intolerance

Hair abnormalities can be seen in association with chronic diarrhea in other disorders,
typically in Menke’s disease, Zinc deficiency and Lysinuric protein intolerance. Distinct hair
shaft anomalies have been reported in two siblings as the tricho-hepato-enteric syndrome, in
which thin sparse hair (trichomalacia) was seen in association with hypertelorism, chronic
diarrhea, a progressive hypermethioninemia and a hemochromatosis phenotype[44].

Congenital Immunodeficiencies

Over 50% of children with immunodeficiencies present with chronic diarrhea, and the
gastrointestinal tract is the second most common site of infection in these cases, after the
pulmonary system. Immunodeficiency states may predispose to various abnormal intestinal
immune reactions because of increased intestinal permeability, resulting in heightened exposure
to dietary or microbial antigens.
Primary Immunodeficiency Disorders with Prominent Gastrointestinal Manifestations

Antibody Deficiencies
= X-linked agammaglobulinemia
= Common variable Immunodeficiency
= IgA deficiency
= Immunodeficiency with elevated IgM (hyper-IgM syndrome)
*= Transient hypogammaglobulinemia of infancy
= |gG subclass deficiency
Combined Immunodeficiencies
= Severe combined immunodeficiency
= Major histocompatibility complex Class Il deficiency
T-Cell Disorders
=  Wiskott-Aldrich syndrome
= Ataxia telangiectasia
= DiGeorge syndrome
Disorders of Phagocyte Functions
= Chronic granulomatous disease

= CD11/CD18 Leukocyte adhesion molecule deficiency
= Hermansky Pudlak syndrome



= Glycogen storage type IB

Other Disorders

= Chronic mucocutaneous candidiasis

= Autoimmune Polyendocrinopathy/candidiasis/ectodermal dystrophy

= IPEX (Immunodeficiency, Polyendocrinopathy, Enteropathy, X-linked)

Common Variable Immunodeficiency(CVID) is one of the more common primary
immunodeficiencies. Chronic diarrhea is frequent in these patients, and other gastrointestinal
manifestations include chronic active hepatitis and hemorrhagic gastritis[45, 46]. Histologic
findings in the intestines fall into four major categories: infections (frequently Giardia), nodular
lymphoid hyperplasia (NLH), celiac-like villous atrophy, and a severe Crohn’s-like enterocolitis.
There is an absence of germinal follicles in the lymphoid tissues of the Gl tract, and near absence
of plasma cells in the lamina propria.

Chronic diarrhea refractory to a gluten-free diet in association with villus atrophy has
been observed in patients with CVID, and major differentiating features from celiac disease
include a crypt-destructive inflammatory process in association with prominent apoptosis,
reminiscent of autoimmune enteropathy[47]. An accumulation of foamy macrophages in the
lamina propria, resembling Whipple’s disease or chronic granulomatous disease, has been
noted[47].

IgA deficiency is the most common primary immunodeficiency, with a prevalence of
approximately 1 in 300[48]. Gastrointestinal disorders include Giardia infection, celiac disease,
chronic inflammatory bowel disease, atrophic gastritis with pernicious anemia, food allergies and
nodular lymphoid hyperplasia[49]. There is a 10-20-fold increase in celiac disease in patients
with IgA deficiency[50, 51], and the clinical presentation, histologic changes and response to

gluten are similar to that of non-IgA- deficient patients, the distinguishing feature being an



absence of IgA-bearing plasma cells from intestinal biopsies in the former[52]. Chronic diarrhea
may also result from a non-specific enteritis which does not respond to gluten withdrawal[53].

Severe Combined Immunodeficiency (SCID) is due to a genetically heterogeneous group
of disorders, and is the most severe form of congenital immunodeficiency. Infections, severe
protracted diarrhea, failure to thrive and malabsorption are the major clinical manifestations[54,
55]. Neonatal graft-versus-host disease may occur from transplacentally acquired maternal
lymphocytes, from the use of non-irradiated blood products, and as a result of bone marrow
transplantation, which until recently was the only effective therapy for these children. Intestinal
biopsies are typically void of plasma cells, and germinal follicles are absent from the appendix.
Chronic viral[56] and bacterial infections[55] may also cause chronic diarrhea.

Chronic Granulomatous Disease results from an inability to produce hydrogen peroxide,
the oxidant molecules required to kill ingested microbes. Stomatitis, oral ulcers, esophageal and
gastric strictures are relatively frequent complications, and intestinal involvement, most often
due to infections, occurs in over 50% of patients[57]. A Crohn’s disease-like picture is typically
found, with thickening of the bowel wall, stenoses, ulcers and crypt abscesses with large
granulomas[58-62]; pigmented histiocytes can be found in otherwise relatively uninvolved

mucosa.



Characteristic Histologic Changes in Intestinal Biopsies

in Primary Immunodeficiency States

XLA | CVID | IgA deficiency | SCID | CGD [CD11/CD18
deficiency
Paucity of plasma cells in + + +
lamina propria
Nodular lymphoid + +
hyperplasia
Giardia + + +
Regional enteritis + + + + +
Foamy  macrophages in + +
lamina propria
Non-specific villous atrophy +

Abbreviations: XLA - X-linked Agammaglobulinemia; CVID - common variable
immunodeficiency; SCID -severe combined immunodeficiency; CGD —chronic
granulomatous disease
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