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Abstract
Autoimmune Enteropathy (AIE) is a rare condition characterized by intractable diarrhea,
histologic changes on small intestinal biopsy, failed response to dietary manipulation that also
may present with extra-intestinal manifestations. In many patients, immunosuppressive therapies
are necessary. Although AIE is more common in infants, adult involvement has also been
documented. Much of what is known about AIE has been gathered from case reports and small
case series; therefore more research in this evolving field is needed. IPEX (Immunodysregulation
Polyendocrinopathy Enteropathy X-linked Syndrome) or APECED (Autoimmune Phenomena,
Polyendocrinopathy, Candidiasis, and Ectodermal Dystrophy) are systemic forms of AIE.
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Introduction
Autoimmune enteropathy (AIE) is a rare disease characterized by intractable diarrhea,
villous atrophy of the small intestine, the presence of autoantibodies, and usually the need
for immunosuppressive treatment [1–6]. Patients do not respond to dietary modification,
including a gluten free diet, and some will require total parenteral nutrition [1–6]. This
condition more commonly affects infants within the first six months of life; however, AIE is
increasingly recognized in adults [6]. Few studies have examined the epidemiology of AIE.
In children, the incidence is estimated at less than 1 in 100,000 infants [2].

Much of the reported literature in AIE is from case reports or small case series [1, 3].
Prognosis varies and is impacted by the degree of symptoms, the amount of gastrointestinal
involvement, and systemic manifestations [2, 7]. Because of the limited existing literature in
this area, more research is needed to investigate the pathophysiology and optimal treatment
of AIE.
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Clinical Features
Symptoms of AIE can be quite debilitating, including both intestinal and extraintestinal
manifestations. Individuals generally have refractory diarrhea with malabsorption and
anorexia leading to severe weight loss that requires treatment with total parenteral nutrition
[2]. While some have proposed that AIE is more common in males, a relatively large series
in adults found no sex predominance and an average age at diagnosis of 55 [1, 4].

Multisystem extra-intestinal manifestations may include endocrine, renal, pulmonary, liver,
hematologic, and musculoskeletal system involvement [2, 6, 8]. Reported conditions include
hypothyroidism due to “interstitial fibrosis,” nephritic and nephrotic syndrome, autoimmune
hemolytic anemia, “intersitial pneumopathy,” “periportal fibrosis,” rheumatoid arthritis,
dermatitis/atopic eczema, autoimmune hepatitis, and chronic pancreatitis [2, 6, 8–10].
Moreover, there are reports of individuals with a thymoma who present with AIE [2, 11, 12].
Patients with AIE may have more systemic forms of autoimmune disease such as IPEX
(Immunodysregulation Polyendocrinopathy Enteropathy X-linked Syndrome) or APECED
(Autoimmune Phenomena, Polyendocrinopathy, Candidiasis, and Ectodermal Dystrophy)
[2].

IPEX describes individuals with AIE and underlying immunodeficiency who have systemic
disease and a poor prognosis [2, 13, 14], although disease severity varies [6]. Patients with
IPEX may have thrombocytopenia, neutropenia, hypothyroidism, thyroiditis, type I diabetes,
lymphadenopathy, Coombs positive hemolytic anemia, or diarrhea that includes mucus and
blood [6]. In addition, dermatologic involvement includes atopic dermatitis and in rare cases
pemphigoid nodularis [6].

APECED, also referred to as APS (Autoimmune Polyglandular Syndrome), an autosomal
recessive disease caused by mutations in a gene referred to as the autosomal regulator which
encodes a protein needed in gene transcription regulation [2]. This ultimately results in the
disruption of intrathymic negative selection [2] and generally presents in early childhood
with refractory candidal infections and subsequent Addison’s disease [2, 15, 16]. The
disease spectrum may include keratoconjunctivitis, vitiligo, alopecia, tubulointerstitial
nephritis, hemolytic anemia, asplenia, type 1 diabetes, autoimmune hepatitis, and
hypothyroidism [16]. Gastrointestinal involvement may vary from chronic diarrhea to
obstipation [16].

The original diagnostic criteria for AIE included villous atrophy of the small intestine,
intractable diarrhea that did not improve with dietary modification, presence of
autoantibodies, and no known immunodeficiency [5]. A more recent study of adults with
AIE expanded the diagnostic criteria to include chronic diarrhea (more than 6 weeks) with
malabsorption, partial or complete blunting of the small bowel villi, deep crypt
lymphocytosis, increased crypt apoptotic bodies, minimal intraepithelial lymphocytosis, and
the exclusion of other causes of villous atrophy, with all of the above being necessary for
diagnosis [1]. The presence of anti-enterocyte (AE) or anti-goblet cell (AG) antibodies is
supportive of the diagnosis, although the detection of these antibodies has been described as
“observer dependent” and is not confirmatory since they may be detected in other
inflammatory diseases or in first degree asymptomatic relatives [1]. Thus, the sensitivity and
specificity of these antibodies for AIE are unknown [1]. However, some find these markers
helpful when clinically challenged with an individual with refractory diarrhea of
questionable etiology [1].

When approaching a patient with possible AIE, a through history should be obtained,
particularly inquiring about prior treatments (including strict adherence and response to a
gluten free diet), potentially related extra-intestinal manifestations, and family history [2].
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Moreover, celiac disease, which is commonly misdiagnosed in patients with AIE, should be
ruled out based on non-response to a gluten free diet [2]. Laboratory findings include normal
B and T lymphocyte counts and complement levels [2, 10]. Some patients may have IgA
deficiency [2], but a broader immunoglobulin deficiency, especially if the albumin is
relatively normal, would suggest common variable immune deficiency (CVID), which can
also cause an enteropathy similar to celiac disease or AIE.

Histopathology
AIE is presumed to be a disease process that potentially involves any part of the small
bowel, although there is little data in the literature to describe the extent of duodenal,
jejunal, or ileal involvement. In one recent study, where capsule enteroscopy was performed
in 7 adult patients with AIE, changes in the small bowel were noted proximally in 5 patients,
in the mid small bowel in one patient, and in the distal small bowel in one patient, thus
supporting the concept of a diffuse disease process [1].

Histologic evaluation demonstrates small bowel villous changes including blunting and
atrophy, usually most prominent in the proximal bowel [1]. Crypt abscesses may also be
seen [4]. There may be apoptotic bodies and lymphocytic infiltration in the crypt epithelium
with relative paucity of surface lymphocytosis (<40 lymphocytes per 100 epithelial cells),
whereas an intra-epithelial distribution of lymphocytes predominates in celiac disease [1,
17–19]. In addition, CD4-CD8 T lymphocytes and macrophages are found in the intestinal
mucosa [2], and there may be an absence of goblet and Paneth cells [3]. HLA class II
molecular expression is increased on crypt enterocytes [2]. Endoscopically, duodenal
scalloping, fissuring, and a mosaic pattern may be noted [1], although these changes are
neither sensitive nor specific for AIE. Although AIE primarily involves the small bowel,
there are cases of colon and stomach involvement [3]. Biopsies of the stomach may show
CD4+ T lymphocytes within the lamina propria with atrophic gastritis and intestinal
metaplasia [2]. Plasma cells should be present but not especially increased. Absence of
plasma cells suggests CVID.

In a study of the small bowel histopathology of IPEX in 12 children, a graft versus host
disease pattern was observed in 9, a celiac disease like patten in 2, and loss of goblet cells
with anti-goblet cell antibodies in one [20]. In patients with the graft versus host disease
pattern, histologic evaluation showed complete villous atrophy, moderate inflammation of
the lamina propria, apoptotic bodies, crypt abscesses, and loss of goblet cells, similar to
findings in AIE [20], except that crypt abscesses are generally present only in severe AIE
[2]. Patients with the celiac disease like pattern demonstrated partial villous atrophy,
inflammation of the lamina propria, increase in intraepithelial lymphocytes, and crypt
hyperplasia, which is similar to AIE, except intraepithelial lymphocytosis is more consistent
with celiac disease [20]. Lastly, the patient with anti-globlet cell antibodies demonstrated
partial villous atrophy, complete lack of goblet cells, moderate inflammation of the lamina
propria, and an increase in intraepithelial lymphocytosis, which is similar to AIE except that
intraepithelial lymphocytosis is more consistent with celiac disease [20].

Pathophysiology
Evidence demonstrates that an autoimmune response is involved in the pathophysiology of
AIE. The innate immune system involves the intestinal epithelium, which is a natural barrier
to both food borne and environmental antigens [2]. Proper functioning of the thymus is
important for a healthy immune system. When the thymus malfunctions, “self reactive” T
cells [2] are produced, leading to “anti-self B cells,” [2] further contributing to an
autoimmune response [2].
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Both IPEX and AIE are thought to be caused by an autoimmune response involving CD4+ T
cells, but differ in their mechanism. IPEX is caused when T lymphocytes lose their
regulatory function and activate an immune response that causes direct damage to the
enterocytes, whereas enteropathy in AIE is a result in part of a humoral immune response
involving anti-enterocyte antibodies (AEA), which are found in the majority of those
affected, and anti-globlet cell antibodies [3]. In one study, 22/26 cases of AIE (85%) had
detectable AEA antibodies [2], which was similar to the findings in a more recent study,
which reported AEA antibodies in 13 of 15 patients (87%) [1].

The presence of AEA is not specific for AIE, as they may be found in other diseases such as
inflammatory bowel disease, HIV infection, and allergic enteropathy [2, 4, 21–23]. Titer
levels may increase after there is mucosal damage, and may normalize with treatment before
there is histological remission [2]. Therefore, AEA titers cannot be used as a marker of
mucosal damage or its severity [2]. Anti-goblet cell antibodies are also non-specific and
therefore some feel that they should not be applied to the diagnostic criteria of AIE. In a
prospective evaluation of the serum of 95 individuals with celiac disease, 28.4% had IgA
anti-goblet cell antibodies [27]. Therefore, the authors concluded that these antibodies are
nonspecific and do not establish a diagnosis of AIE [24]. Other investigators have
acknowledged that anti-globlet cell antibodies may be found in patients with other chronic
inflammatory conditions of the bowel, as well as their first degree relatives [1]. However,
when combined with the other proposed diagnostic criteria for AIE, anti-globlet cell
antibodies may help with diagnosis [1].

Patients with AIE may also have other autoantibodies present, including antinuclear
antibody (ANA), liver/kidney microsomal antibodies, and anti-smooth muscle antibodies [3,
20]. Antibodies against gastric parietal cells, pancreatic islets, insulin, glutamic acid
decarboxylase, smooth muscle, endoplasmic reticulum, reticulin, gliadin, adrenal cells,
DNA, thyroglobulin, and thyroid microsomes may also be present [2].

It has been proposed that specific autoantigens elicit an immune response that alters
intestinal permeability, contributing to disease pathology [2]. Antibodies to a 55 kDa protein
in the jejunum have been described in a single case with both small bowel and glomerular
involvement leading to a complicated presentation of AIE [25]. Antibodies against another
protein important in cytoskeletal structure and cell adhesion in the small intestine, AE 75,
are involved with alteration of intestinal permeability via disruption of the tight cellular
junctions in patients with AIE [2, 26–28].

Antibodies against villin, a protein found in intestinal microvilli and proximal renal tubules,
may be used in conjunction with anti-AE 75 in the diagnosis of IPEX [29]. Furthermore,
Scurfin, a transcription factor encoded by the FOXP3 gene that is necessary for regulatory T
cell development and function, is associated with dysfunction or loss of effect of these cells
[2, 4, 6, 14, 30]. In one study, 7/11 children with AIE had mutations that resulted in lost or
reduced FOXP3 protein expression, while 2/11 demonstrated decreased T regulatory cell
activity [17]. Thus, it appears that the majority of patients with AIE have an alteration in
regulatory T cell function [14].

The gene AIRE encodes a transcription factor (autoimmune regulator protein) that is
involved with thymic T cell negative selection. Mutations in this gene result in the presence
of circulating self reactive T lymphocytes and ultimately AEPCED [2, 15].

A recent case report describes a rare presentation of a young boy who developed IPEX with
minimal change nephritic syndrome and concluded that the syndrome was related to a
possible polymorphism of FOXP3, which has been proposed to lead to increased
susceptibility to other autoimmune phenomena [31].
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Treatment and outcomes
Many patients with AIE develop malnutrition, which must be addressed as part of the
treatment plan. A trial of oral nutritional supplementation may be successful [2, 6].
However, for many patients with AIE, total parenteral nutrition is required [1, 2, 6]. In
addition, medical therapy is commonly used, most typically with corticosteroids
(budesonide and prednisone). However, some patients are refractory to corticosteroids, and
in these patients immunosuppressive therapy with azathioprine, 6-mercaptopurine,
cyclosporine, tacrolimus, mycophenolate mofetil, sirolimus, infliximab, and rituximab has
been described [1, 2, 6, 12, 19, 33, 34]. In addition, these drugs have been used as
maintenance therapy in patients who are corticosteroid dependent [6, 20]. However, these
drugs commonly have side effects and are not always successful with maintaining remission
[6, 19].

In one retrospective review of 15 adults with AIE treated with a variety of combinations of
medications, complete response was seen in 60%, partial response in 20%, and no response
in 20% [1]. In this study, one patient who failed corticosteroid and 6-mercaptopurine
treatment responded to infliximab and was able to stop parenteral nutrition within 6 weeks
of the initial dose [1].

In a study of 11 children with severe AIE, 6 were successfully treated with corticosteroid
pulses combined with immunosuppressive therapy, and maintained on azathioprine [14].
Two of the 5 who did not respond received bone marrow transplantation; one child died
from severe graft versus host disease and the second remained stable post transplantation
[14].

In our experience, treatment is challenging; however, we have found budesonide to be
effective. It is important that the budesonide be dosed in such fashion as to contact the
inflamed part of the small intestine for a clinical response. The currently available controlled
ileal release preparation used for Crohn’s disease is designed to release the active molecule
in the distal small intestine and proximal colon. In order to obtain corticosteroid exposure
higher in the gut, our practice has been to have the patient open the first capsule, place the
granules in applesauce, and chew them before swallowing, typically in the morning. This
practice exposes the upper small intestine to budesonide. The patient then carefully rinses
out the mouth to be sure no budesonide is left (to try to decrease systemic exposure). At
lunch time, the patient opens the second capsule and places the granules in applesauce, but
this time the capsule is swallowed without chewing, which allows the granules to pass
further into the intestine, to treat the mid small intestine. Finally, the third capsule is taken
intact in the evening, permitting more distal distribution of the drug. It is important that
patients avoid drugs or food (such as grapefruit) that can inhibit the CYP3A4 cytochrome
and result in increased risk of systemic side effects of budesonide. For patients maintained
on budesonide, ongoing monitoring for corticosteroid-related side effects is required.

Conclusion
Autoimmune enteropathy is a rare condition characterized by refractory diarrhea and
malnutrition. It is seen primarily in infants, with limited case reports in adults. These
patients typically require both nutritional support and immunosuppressive therapies.
Clinicians should suspect AIE in an individual who is thought to have celiac disease but who
fails to response to dietary manipulation with a strict gluten free diet. It is important to be
aware of severe systemic severe forms of AIE, such as IPEX, which may have implications
for pathophysiology, treatment, and prognosis. Since much of what is known has been
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gathered from case reports or small series, more research in the underlying mechanisms and
treatment of this rare disease is needed.
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Figure 1.
Duodenal biopsy demonstrating the typical findings of autoimmune enteropathy
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Figure 2. 10x magnification of the duodenum
Duodenal biopsies demonstrating cryptitis and the absence of Paneth cells, goblet cells, and
villi in a patient with autoimmune enteropathy. There is no surface intraepithelial
lymphocytosis as would be seen with celiac disease.
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Table 1

Comparison of IPEX and APECED

IPEX APECED

Disease Name
Immunodysregulation
Polyendocrinopathy Enteropathy X-linked
Syndrome

Autoimmune Phenomena, Polyendocrinopathy,
Candidiasis, and Ectodermal Dystrophy

Chromosome locus Xp11.23-q13.3 21q22.3

Gene Name FOXP3 AIRE (Autosomal regulator)

Encoded protein Scurfin, a transcription repressor protein Gene transcription regulatory protein

Result of genetic mutation T Lymphocyte Dysfunction T Lymphocyte Dysfunction

Transmission X linked Autosomal recessive

Affected gender Males Males and Females

Carriers Yes Yes

Association with other Autoimmune
Disease Yes Yes

Dermatologic Involvement Yes Yes

Association with Type 1 DM Yes Yes

Disease Manifestations

Psoriasis
Coombs Positive Anemia
Pneumonitis
Nephritis

Chronic mucocutaneous candidiasis
Ectodermal dystrophy
Autoimmune hypoparathyroidism
Addison’s Disease

Confirm Disease Gene mutation analysis Gene mutation analysis

Parenteral Nutritional Support often
Necessary Yes Yes

Treatment Options
Immunosuppression (e.g. Sirolimus)
Bone Marrow Transplant
Management of associated diseases

High Dose IV Corticosteroids
Immunosuppression (e.g. oral methotrexate)
Hormone replacement
Management of associated diseases
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