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the absence of other atopic symptoms or a family history 
of an allergic predisposition. Much more commonly, milk 
and soy protein-induced allergic colitis develops in new-
borns and infants, including those receiving breast milk 
as their sole source of nutrients. In an older child who has 
received gluten in the diet, it is important to consider ce-
liac disease as the underlying cause of symptoms since it 
is increasingly apparent that gluten-sensitive enteropathy 
has protean manifestations and is a life-long condition 
that can be treated effectively and safely with appropriate 
dietary adjustments  [5] . 

 One helpful way to consider alternative etiologies is to 
differentiate those causes of chronic diarrhea in which 
there is a relatively intact villus-crypt unit from those 
with abnormal villus-crypt architecture (i.e. an enteropa-
thy). In the former scenario, conditions such as congenital 
disorders of ion transport and secretory diarrhea, due to 
bacterial enterotoxins and hormone-secreting tumors, 
need to be considered  [1] . By contrast, an enteropathy 
with a reduction in villus height should bring to mind a 
completely different set of diagnostic considerations. Af-
ter infectious and allergic etiologies have been excluded, 
chronic high volume diarrhea beginning in the fi rst few 
days of life should raise microvillus inclusion disease for 
diagnostic consideration  [6] . This latter condition also is 
referred to as familial microvillous atrophy  [7]  or David-
son’s syndrome. 
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 Abstract 
 Autoimmune enteropathy characteristically presents in 
infancy with protracted diarrhea. Underlying disorders 
of immune function, including regulatory T cells, must 
be excluded. Treatment options include nutritional reha-
bilitation, immune suppression, and, in select cases, 
bone marrow transplant. 

 Copyright © 2006 Nestec Ltd., Vevey/S. Karger AG, Basel 

 Introduction 

 Autoimmune enteropathy and enteropathies due to 
primary immune defi ciencies are relatively uncommon 
causes of protracted diarrhea during infancy. When con-
fronted with an infant or young child with chronic unex-
plained diarrhea, the differential diagnosis is quite exten-
sive  [1]  and distinct from the considerations in assessing 
an adult with the same clinical symptoms  [2, 3] . In most 
parts of the world, infectious and post-infectious enter-
opathies remain the most common causes of protracted 
diarrhea  [4] . Some investigators contend that allergic en-
teropathies also are common in young children, even in 
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 With slightly later onset of chronic diarrhea, a condi-
tion that can present much like autoimmune enteropathy 
is tufting enteropathy  [8] , which also is referred to as in-
testinal epithelial dysplasia  [9] . Interestingly, many of the 
infants reported from both Europe and North America 
with this enteropathy are from families originally from 
North Africa, Turkey and, especially, the island of Malta. 
As a result, tufting enteropathy certainly should be con-
sidered seriously in infants of these backgrounds. 

 Clinical Presentation 

 Children with autoimmune enteropathy typically pre-
sent after the neonatal period, but within the fi rst year of 
life. A history of maternal polyhydramnios during the 
pregnancy and/or a family history of other affected chil-
dren should direct a search for other causes of protracted 
diarrhea of neonatal onset including, for example, con-
genital chloride-losing enteropathy  [1] . 

 Most cases of autoimmune enteropathy begin with 
chronic, watery and unremitting diarrhea between 2 and 
4 months of age after an uneventful pregnancy and neo-
natal period. However, the later onset of symptoms is well 
described, including isolated case reports of initial mani-
festations of diarrheal disease during adolescence  [10]  
and the adult years  [11] . These older-onset patients typi-
cally carry the diagnosis of refractory sprue, until an ana-
lysis for the presence of anti-enterocyte antibodies is car-
ried out. It remains to be established whether the later 
onset of symptoms is due to the same molecular basis of 
disease as for those with the development of diarrhea dur-
ing the fi rst year of life. 

 Although such autoimmune conditions primarily 
manifest as enteropathies, the colon often is involved as 
well. Signs and symptoms of colitis (for example: urgency, 
tenesmus, hematochezia and mucus in the stools) accom-
panying protracted diarrhea that is unresponsive to a tri-
al of elemental feeding – particularly in association with 
impaired growth and undernutrition – should raise the 
suspicion of an autoimmune enteropathy. 

 The presence of other autoimmune conditions also 
raises the risk of autoimmune enteropathy. Initial cases 
of autoimmune enteropathy described in the scientifi c 
literature were associated with type-1 diabetes mellitus, 
autoimmune thyroiditis, autoimmune hemolytic anemia 
and skin conditions that likely had an autoimmune basis. 
Many of the affected cases reported also were  associated 
with tubulonephropathy. 

 Histopathologic Findings 

 Small bowel biopsies in infants and children with pro-
tracted diarrhea are extremely helpful. Results of mor-
phology and immunohistochemistry are not only helpful 
in establishing a specifi c diagnosis, but frequently also can  
exclude other conditions when such evaluations are not 
defi nitive  [12] . 

 In cases of autoimmune enteropathy, light microscopy 
fi ndings ( fi g. 1 a) often resemble many of the features as-
sociated with gluten-sensitive enteropathy even when af-
fected children have not been challenged with gluten. Ex-
aminations of sections stained with hematoxylin and eo-
sin often reveal total villus atrophy and crypt hyperplasia. 
In addition, there often is marked immune cell infi ltra-
tion including activated T cells  [13] , into the lamina pro-
pria of the intestinal mucosa. There also can be morpho-
logical evidence of intraepithelial lymphocytes, but not 
to the same degree as that observed in children with total 
villus atrophy caused by celiac disease  [14] . Immunohis-
tochemistry, with relevant antibodies as markers, pro-
vides evidence of a marked infi ltration of CD3+ T cells 
into the lamina propria ( fi g. 1 b). Recent fi ndings indicate 
that the cytokine interleukin-21 may mediate T-cell acti-
vation, impaired survival of the cells and ultimately pre-
dispose the affected host to autoimmune diseases  [15] . 

 Colonic biopsies also show evidence of immune cells 
infi ltrating the lamina propria in children with autoim-
mune enteropathy. This fi nding is in contrast to other 
causes of protracted diarrhea in infants in whom evidence 
of immune activation other than in the small bowel is not 
observed  [14] . 

 Autoantibodies 

 A hallmark of autoimmune enteropathy is the pres-
ence in serum of immunoglobulin G antibodies, usually 
circulating in low titer, which bind to apical aspect of en-
terocytes ( fi g. 2 ). In one report on 25 children with unex-
plained chronic diarrhea, anti-enterocyte antibodies were 
detected in 14 (56%) subjects, compared with positive test 
results in 3 (5%) of 53 patients with chronic infl amma-
tory bowel diseases, 0 of 10 with celiac disease and none 
of the 50 children with other conditions unrelated to the 
gastrointestinal tract  [16] . The antibody is not specifi c to 
an epitope on human enterocytes, because the autoanti-
bodies also bind to small bowel epithelial cells in intesti-
nal sections obtained from rats, mice and guinea pigs. The 
antigen also is detected in renal epithelium. 
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 Western blots show that autoantigens are either 55  
 [17]  or 75 kDa  [18, 19] . The 75-kDa autoantigen is ex-
pressed in the small bowel, large intestine, pancreas and 
kidney  [20] . With therapy (considered below), titers of 
circulating anti-enterocyte antibodies are reduced, or dis-
appear  progressively and completely with clinical im-
provement. Therefore, systemic autoantibody levels can 
be monitored as an objective measure of responsiveness 
to clinical interventions  [17] . 

 Even though molecular targets for anti-enterocyte an-
tibodies have been described, other investigators ob-
served that the test may not be suffi ciently specifi c. For 
instance, Martin-Villa et al.  [21]  noted the presence of 
such autoantibodies in the systemic circulation of sub-
jects without villous atrophy and with no history of diar-
rhea. Thus as with any other screening tests, these anti-
enterocyte antibody assessments must be placed in ap-
propriate clinicopathological contexts. 

 A few case reports describe an autoimmune enter-
opathy in which systemic autoantibodies are directed 
against the goblet cell lineage rather than apical regions 
of enterocytes  [22] . Intestinal biopsies in these cases 
show a lack of goblet, Paneth and enteroendocrine cells 
 [23] . This may refl ect a defi ciency in the transcription 
factor, Math1  [24] . The clinical and pathological fi nd-
ings are otherwise similar to those in other cases of au-
toimmune enteropathy. This fi nding supports the view 
that infi ltrating T cells, rather than the systemic autoan-
tibodies, are involved in mediating the disease’s patho-
biology. Thus, autoantibodies likely provide markers of 
an underlying condition which develops as a result of 
mucosal infl ammation and injury, rather than being spe-
cifi cally involved in disease pathogenesis  [13, 14] . 

  Fig. 1.   a  Biopsy of the small bowel mucosa 
obtained from a child with protracted diar-
rhea. The biopsy shows total villus atrophy 
with crypt hyperplasia and infi ltration of 
the lamina propria by a mixed chronic in-
fl ammatory cell infi ltrate. HE. Approxi-
mate original magnifi cation  ! 20.  b  Immu-
nohistochemistry with anti-CD3 antibody 
demonstrates infi ltration of the lamina 
propria by numerous CD3+ T cells. Ap-
proximate original magnifi cation  ! 20. 

  Fig. 2.  Indirect immune fl uorescence dem-
onstrates the presence of anti-enterocyte 
antibodies in the serum of a child with au-
toimmune enteropathy. Fluorescent stain-
ing outlines the apical surface of entero-
cytes along the villus-crypt unit. 
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 Primary Immune Defi ciency Disorders 

 A variety of immune disorders of genetic origin can 
cause intestinal injury resulting in enteropathy, malab-
sorption of nutrients, and protracted diarrhea  [25] . For 
instance, chronic granulomatous disease and glycogen 
storage disease type 1b both have been associated with 
mucosal infl ammation along the length of the gastrointes-
tinal tract, with clinical, radiological, and endoscopic fea-
tures that can mimic those observed in chronic infl am-
matory bowel diseases. Eosinophilic gastroenteritis also  
should be considered in the differential diagnosis. 

 It is now clear that there are multiple causes of what 
previously had been lumped together in the single entity 
referred to as autoimmune enteropathy. For example, 
primary T-cell immune defi ciencies are reported to pres-
ent with features of autoimmune disease. For instance, 
Arniaz-Villena et al.  [26]  reported a kindred in which 
there was a congenital defect in the expression of the 
CD3- �  subunit of the T-cell receptor complex. The af-
fected proband presented with protracted diarrhea in as-
sociation with autoantibodies against gut epithelial cells, 
smooth muscle and mitochondria, as well as autoim-
mune hemolytic anemia and a selective IgG2 subclass 
defi ciency. 

 Two children with Schimke immuno-osseous dyspla-
sia and abnormal T-cell immune function were described 
in the literature  [27, 28] . Both children presented with 
chronic diarrhea and signs and symptoms consistent with 
autoimmune enteropathy. However, autoantibodies were 
not present and atypical  Mycobacteria  were identifi ed in 
the small bowel mucosa in one child  [28] . This observa-
tion serves to reinforce and highlight the importance of 
excluding chronic infection and underlying immunodefi -
ciency state in a child with unexplained protracted diar-
rhea. 

 IPEX Syndrome 

 Immune dysregulation, polyendocrinopathy, enterop-
athy, and X-linked (IPEX) syndrome is the most specifi c 
and well-documented underlying cause of autoimmune 
enteropathy. The disease is caused by mutations in the 
 Foxp3  gene carried in the peri-centromeric region of the 
X chromosome: Xp11.23–Xp13.3  [29, 30] .  Foxp3  (also 
variously referred to as  JM2  and  scurfi n ) is a transcription 
factor that is critical for control of the normal develop-
ment of regulatory T cells  [31, 32] . When mutated, the 
normal control of CD25+ T cells is lost  [33, 34]  and there 

is an inappropriate activation and dissemination of acti-
vated immune cells to multiple organs, including the in-
testinal tract ( fi g. 3 ). 

 Several  FoxP3  gene mutations have been reported that 
cause human disease. There is probably a ge notype-phe-
notype relationship explaining differences observed in 
terms of clinical expression, disease severity, number of 
extra-digestive autoimmune manifestations, and progno-
ses  [35] . As a result, autoimmune enteropathy can be sub-
divided into those cases due to IPEX, affected males with-
out evidence of a mutation in the  FoxP3  gene, and af-
fected girls  [36] . 

 Male infants with IPEX syndrome present in infancy 
with type-1 diabetes mellitus, autoimmune thyroiditis, 
autoimmune hemolytic anemia (positive direct Coomb’s 
test) and a variety of skin lesions, including eczema, an 
ichthyosiform dermatitis, psoriatic dermatitis and alope-
cia universalis  [37] . Protracted high-volume diarrhea, 
due to an autoimmune enteropathy, is generally a prom-
inent presenting feature. These children also may present 
with atopic features, including food allergies, peripheral 
eosinophilia and raised levels of immunoglobulin E  [38] . 
Cases of autoimmune enteropathy occurring in boys (es-
pecially if there are multiply affected siblings in the same 
family) with evidence of autoantibodies directed against 
other organs and evidence of systemic autoimmune dis-
eases, which have been published previously in the med-
ical literature, should be considered as possible cases of 
IPEX syndrome. 

 Therapeutic Considerations 

 The initial management of infants with chronic diar-
rhea in whom autoimmune enteropathy is a diagnostic 
consideration is precisely the same as that for all other 
affected individuals. The initial focus should target the 
maintenance of intravascular volume and nutritional re-
habilitation, which generally requires either continuous 
elemental, enteral venous infusion or total parental ali-
mentation. Children often are left dehydrated and un-
dernourished during extensive in-hospital diagnostic 
evaluations. This approach is deplorable: fl uid and nour-
ishment are among the fi rst priorities  [39] . Only after 
these are provided should health care providers pause to 
consider the long list of potential considerations in the 
differential diagnosis. 

 Autoimmune enteropathy generally responds well to 
potent suppression of the hosts’ immune system. High-
dose systemic corticosteroids frequently will reduce mu-
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cosal infl ammation, lower stool output and permit in-
creased enteral delivery of calories. Autoantibody titers 
are reduced in parallel with clinical responses to medical 
therapies. However, steroid dependence (that is, recur-
rence of symptoms following a tapering of the corticoste-
roid dose) is the norm. Steroid resistance (i.e. absence of 
an apparent response to therapy) is also common. As a 
result, a number of other potent immune-suppressive 
agents have been employed. Case reports indicate appar-
ent clinical benefi ts of a variety of therapies such as cy-
closporine  [40, 41] , tacrolimus  [42] , sirolimus  [43] , my-
cophenolate mofetil  [44] , cyclophosphamide  [45]  and 
biologic agents such as the chimeric monoclonal antibody 
against tumor necrosis factor- � , infl iximab  [46] . 

 Most affected children respond to potent suppression 
of the immune system and, ultimately, tolerate advancing 
enteral feedings and concurrent reductions in parenteral 
nutritional supports. As a result, autoimmune enteropa-
thy should not be considered as an indication for under-
taking small bowel transplant. This clinical prognosis 
stands in stark contrast to most cases of microvillus inclu-
sion disease where there is no response to potent immune 
suppression and the outcome is guarded in the absence 
of intestinal transplantation, at least as a therapeutic op-
tion  [1, 6, 12]  . 

 Whether these children may benefi t from alternate 
therapeutic strategies, such as bone marrow transplanta-
tion, is not known. Reported benefi ts of transplanting 
bone marrow-derived cells in children with IPEX syn-

drome  [47]  suggest that this approach is worth further 
consideration in severely affected cases with a limited or 
partial response to potent suppression of the immune sys-
tem. Positive responses of children with IPEX syndrome 
to allogeneic bone marrow transplantation also empha-
size the critical importance of establishing the correct un-
derlying diagnosis of protracted diarrhea in infants and 
young children. Lumping affected cases together as so-
called intractable diarrhea of infancy is unhelpful and 
may impair consideration of appropriate therapeutic op-
tions. 

 Careful consideration of the precise etiology of pro-
tracted diarrhea is also essential in considering genetic 
counseling of families with affected children. Most cases 
of autoimmune enteropathy appear to be sporadic with-
out other affected family members or evidence of paren-
tal consanguinity. On the other hand, IPEX syndrome is 
an X-linked condition. This raises other issues related to 
risk in affected families that are beyond this review. 

 Conclusions 

 Autoimmune enteropathy is a term used to describe 
a relatively uncommon cause of protracted diarrhea in 
infants. This is a severe infl ammatory condition, which
generally is responsive to immune suppression therapy. 
It is quite likely that autoimmune enteropathies encom-
pass a number of etiologies that require better defi nitions 

  Fig. 3.  Histology of the small bowel in a 
child with IPEX syndrome shows evidence 
of total villous atrophy and marked infl am-
mation of the lamina propria with a chron-
ic infl ammatory cell infi ltrate. 
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