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in over 150 subsequently evaluated
children with autism, in whom the
main gastrointestinal presentation was
abdominal pain and either constipation

or diarrhea.2 It remains unclear
whether this inflammation is charac-
teristic for autism in general or found
only in a subgroup with gastrointesti-
nal symptoms. In view of striking re-
cent increases in autistic spectrum dis-
orders in both the United Kingdom
and the United States,3,4 this required
further study.

A preliminary report in 12 children
with regressive autism described unex-
pected colonic inflammation in associ-
ation with ileal lymphoid nodular hy-
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perplasia.1 The colonic lesion of what
we termed autistic enterocolitis was
clearly not that of classical inflamma-
tory bowel disease but was consistent
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Objectives: We have reported colitis with ileal lymphoid nodular hyperplasia (LNH) in children with regressive
autism. The aims of this study were to characterize this lesion and determine whether LNH is specific for autism. 

Methods: Ileo-colonoscopy was performed in 21 consecutively evaluated children with autistic spectrum disorders
and bowel symptoms. Blinded comparison was made with 8 children with histologically normal ileum and colon, 10
developmentally normal children with ileal LNH, 15 with Crohn’s disease, and 14 with ulcerative colitis. Immunohis-
tochemistry was performed for cell lineage and functional markers, and histochemistry was performed for gly-
cosaminoglycans and basement membrane thickness.

Results: Histology demonstrated lymphocytic colitis in the autistic children, less severe than classical inflammatory
bowel disease. However, basement membrane thickness and mucosal γδcell density were significantly increased above
those of all other groups including patients with inflammatory bowel disease. CD8+ density and intraepithelial lympho-
cyte numbers were higher than those in the Crohn’s disease, LNH, and normal control groups; and CD3 and plasma
cell density and crypt proliferation were higher than those in normal and LNH control groups. Epithelial, but not lam-
ina propria, glycosaminoglycans were disrupted. However, the epithelium was HLA-DR–, suggesting a predominantly
TH2 response.

Interpretation: Immunohistochemistry confirms a distinct lymphocytic colitis in autistic spectrum disorders in which
the epithelium appears particularly affected. This is consistent with increasing evidence for gut epithelial dysfunction
in autism. (J Pediatr 2001;138:366-72)
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LNH is not infrequently seen in the
ileum of developmentally normal chil-
dren with GI symptoms: it is often as-
sociated with minor immunodeficien-
cy, when eosinophilic infiltration of the
colon may occur.5,6 We now compare
the colonic lesion in autistic children
with that in developmentally normal
children with ileal LNH, in addition to
histologically normal and disease con-
trol patients (IBD). The children with
LNH had abdominal pain, poor weight
gain, and loose stools and shared other
characteristics with the patients with
autism, including constipation, atopy,
and low immunoglobulin levels2; they
often had a clinical response to dietary
exclusions but did not have any associ-
ated cognitive defect.

We report distinct abnormalities
within the autistic group, with particu-
lar increases in CD8 and γδT-cell infil-
tration. The marked epithelial abnor-
malities seen coincide with increasing
evidence of gut epithelial dysfunction
in autism (excess permeability,7 pro-
tein leakage,8 aberrant peptide pro-
cessing,9,10 and impaired sulfation11)
and findings of small intestinal en-
teropathy12 to suggest possible func-
tional significance. 

PATIENTS AND
METHODS

Transverse colon biopsy specimens
were obtained from 21 children with
autistic spectrum disorders, 14 patients
with active ulcerative colitis, and 15

patients with active Crohn’s disease.
We obtained an additional 18 control
specimens from children who were
evaluated to rule out either IBD or
polyps, 10 of whom had ileal LNH
(Table I). Additional biopsy specimens
were obtained from all children, with
informed parental consent, as ap-
proved by the local research ethics
committee. There was no significant
difference in the ages of the autistic,
normal, and LNH groups, although
the members of the IBD group were
older. 

None of the children with autism
were included in our early report.1 All
had been given a diagnosis within the
autistic spectrum, confirmed by using
Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition criteria by M.
Berelowitz.13 In 19 of 21 children, there
had been loss of acquired language and
development of autistic behaviors (me-
dian regression age, 18 months; range,
11-71 months). Only 2 had caused con-
cern to parents or doctors in the first
year of life. Two cases had other diag-
noses in addition (oculocutaneous al-
binism, Marfan syndrome). There were
2 cases of Asperger’s syndrome, one in
association with epilepsy, and 19 cases
of core autism. All 21 children had ab-
dominal symptoms: 15 had pain, 13
had diarrhea or alternating constipa-
tion, 5 had rectal bleeding or mucus,
and 9 had constipation. Twelve had a
history of atopy. There was a history of
atopy in a first-degree relative in 15
and organ-specific autoimmune dis-
ease in 7. Subjects were enrolled con-

secutively and excluded only if there
was insufficient frozen tissue. 

Ileal LNH was defined as multiple
extruding follicles >2 mm in diameter.5

Of the 8 normal control subjects, 2 had
juvenile polyps and 1 had Peutz-
Jeghers syndrome. Among the 10 con-
trol subjects with LNH who had
chronic abdominal pain, poor weight
gain, or rectal bleeding, several also
showed disruption of the colonic vas-
cular pattern. Subsequently, 9 of these
10 were found to be constipated with
acquired megarectum, as determined
from abdominal x-ray films; radiologic
findings were similar to those of the
autistic group. The children with IBD
(Table I) were selected on the basis of
secure diagnosis, active disease with
typical histology, and availability of
sufficient snap-frozen tissue. 

Biopsy Assessment
The colitis score was determined

in blinded fashion with a modified
O’Morain score.14 A score of 0 was
histologically normal; 1 represented
mononuclear cell infiltration; 2, mono-
nuclear infiltration with crypt distor-
tion or mucosal atrophy; 3, mild active
inflammation with or without crypt
abscesses, mild goblet cell depletion,
or architectural change; 4, moderate ac-
tive inflammation with erosions and ar-
chitectural changes; and 5, severe active
inflamation with epithelial ulceration.

Eosinophil density was assessed semi-
quantitatively from 0 (no eosinophils
seen) to 4 (dense infiltrate), and epithe-
lial damage was assessed from 0 (nor-
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Nos. M:F Age (y) IgA (g/L) CRP (mg/dL) ESR (mm/h) Constipation*

Histologically normal 8 4:4 10.3 (2.7-13.3) 1.0 (± 0.2) 2.2 (± 0.6) 7.8 (± 1.4) 1/8
LNH controls 10 4:6 10.1 (2.7-13.9) 0.8 (± 0.2) 2.0 (± 0.6) 9.5 (± 1.9) 9/10
Autistic 21 18:3 8.2 (3.5-16.3) 1.1 (± 0.1) 2.4 (± 0.7) 9.1 (± 1.7) 18/21
Crohn’s disease 15 11:4 13.2 (11.1-17.4) 2.7 (± 0.9) 25.9 (± 8.3) 40.9 (± 8.6) 0/15
UC 14 10:4 13.4 (10.3-17.6) 2.0 (± 0.2) 5.3 (± 8.1) 29.1 (± 9.2) 0/14

Values given for age and blood test values represent group mean plus either range (age) or ± SE (IgA, CRP, ESR).
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LNH, lymphoid nodular hyperplasia; UC, ulcerative colitis.
*As determined from abdominal x-ray film.

Table I. Clinical details of autistic and control groups
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mal epithelium throughout) to 4 (ero-
sion or ulceration). Presence of subep-
ithelial nuclear debris was scored on a
scale from 0 (no debris) to 4 (multiple
dense foci). Intraepithelial lymphocyte
numbers were determined by means of
blinded counting in surface epithelium,
over ≥3 high-power fields. Biotin/
avidin immunohistochemistry (Vecta-
stain Elite, Vector, U.K.) was used on
5-mm cryosections with inactivation of
endogenous peroxidase. Antibodies
used were anti-CD3 (dilution 1:40),
CD8 (1:25), Ki-67 (1:40), HLA-DR
(1:40), and cytokeratin (1/40) from
Dako, UK, syndecan-1 (1:50, Serotec,
UK). Specimens with sufficient re-
maining tissue (6 normal, 6 LNH, 12
autistic, 5 Crohn’s disease, and 6 UC)
were re-cut to stain for γδT cells (TCR
d1, T Cell Sciences, 1:25). Each stain-
ing run contained at least one batch
from each disease group. CD3+, CD8+,
γδ+, and plasma cell density was as-
sessed in blinded fashion by one of the
authors (R.I.F.) using computerized
image analysis (Imagan, Kompira).
Reproducibility of counting was with-
in ± 10%. Periodic–acid Schiff stain-
ing, syndecan-1 immunohistochem-
istry, and cationic probe staining for
sulfated glycosaminoglycans15 were
performed on formalin-fixed speci-
mens. Subepithelial basement mem-
brane thickness was measured in peri-
odic–acid Schiff–stained sections by
computerized analysis. Density of

GAGs, HLA-DR, and epithelial Syn-
decan-1 was scored 0 (absent) to 4 (en-
hanced expression). Ki67 positivity
was determined only in crypts sec-
tioned along their full length to the sur-
face epithelium, and tangentially sec-
tioned crypts were excluded. A mean
was obtained for each slide from at
least 3 such crypts. For results with a
clinical or histologic score, the mean
and 95% CIs were determined. For
mucosal cell densities and basement
membrane thickness, the mean and SE
were determined. In all cases, differ-
ences between the autistic group and
the others were assessed for statistical
significance by using the Mann-Whit-
ney U test.

RESULTS

Elevation of inflammatory markers
was seen only in the children with IBD
(Table I). Three children in the LNH
group and one autistic child had IgA
<0.5 g/L. IgE >100 kIU/L was seen in
6 of 21 children with autism. IgG1
above the age-standardized normal
range was seen in 6 of 21 children with
autism and 3 of 6 with LNH, and IgG2
or IgG4 below the normal range was
seen in 10 of 21 in the autistic group
and 1 of 6 in the LNH group. Total
lymphocyte values <1.5 × 109/L were
found in 1 control subject and in 2
patients with LNH, 9 with autism, and

1 with Crohn’s disease. Circulating
CD3, CD4, or CD8 T cells were below
reference ranges in 12 of 21 of the chil-
dren with autism. 

The terminal ileum was visualized in
all patients. Ileal LNH was detected in
all 21 children with autism (2 Grade I
[follicles 2-3 mm], 13 Grade II [3-5
mm], 6 Grade III [>5 mm]) and in all
10 in the LNH group (3 Grade I, 5
Grade II, 2 Grade III). The colon was
macroscopically abnormal in all chil-
dren with Crohn’s disease and UC,
was normal in all control subjects, and
showed intermediate features in the
autistic and LNH groups, more
marked in the autistic group, with
patchy loss of vascular pattern and
mild granularity without contact
bleeding. The endoscopic appearances
were mild in all and were distinct from
classical IBD. 

Histologic and
Immunohistologic Assessment

Biopsy specimens demonstrated in-
flammation in the autistic children,
greater than that of the control or
LNH groups but milder than IBD
(Table II). In 16 of 21, the appearances
were abnormal, with 11 showing mild
or moderate colitis and 5, patchy
lymphocytic infiltration with focal sur-
face abnormalities. Of the others, 2
showed prominent lymphoid follicles,
1 melanosis coli, and 2 no discernable
abnormality. This contrasted with nor-
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Autistic Normal LNH Children with Children
children control subjects control subjects Crohn’s disease with UC

Colitis score (0-5) 1.4 (0.9-2.0) 0.4* (0-0.8) 0.6 (0.2-1.0) 1.9 (1.3-2.5) 3.2† (2.6-3.8)
Lamina propria eosinophils (0-4) 0.9 (0.3-1.4) 0† (0-0.2) 2.1 (0.5-2.5) 0.9 (0.3-1.4) 0.6 (0-1.4)
Subepithelial cell debris (0-4) 2.4 (1.7-3.1) 1.3 (0.2-2.3) 1.6 (0.7-2.1) 1.4* (0.7-2.0) 2.2 (1.2-3.1)
Epithelial index (0-4) 1.8 (1.3-2.2) 0.9* (0.4-1.5) 0.7‡ (0.4-1.0) 1.7 (1.0-2.3) 2.7 (2.0-3.4)
IELs in surface epithelium 24.1 (21.5-26.6) 12.4† (10.2-14.6) 17.5‡ (14.8-20.2) 20.7* (18.8-22.4) 23.3 (20.7-26.0)

(per 100 cells)

Scoring criteria are given in the Methods section. Intraepithelial lymphocytes (IELs) were counted per 100 epithelial cells in the surface epithelium.
Values represent mean plus 95% CIs.

*P < .05 compared with autistic group (Mann-Whitney U test).
‡P < .01 compared with autistic group (Mann-Whitney U test).
†P < .001 compared with autistic group (Mann-Whitney U test).

Table II. Histologic findings in transverse colon of autistic children compared with histologically normal and disease control subjects
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mal control subjects, in whom only 3
cases showed minor abnormalities (1
increased eosinophils, 1 prominent
lymphoid follicles, and 1 a mild in-
crease in mucosal lymphocytes). Only
4 cases from the LNH group were
normal, with minor abnormalities de-
tected in 5 (excess lymphocytes or
eosinophils) and mild colitis in the
other case. In the Crohn’s disease
group, moderate or severe colitis was
seen in 8 cases, 5 showed focal abnor-
mality, and 2 were within normal lim-
its. All of the UC biopsy specimens
showed moderate or severe colitis.
Focal neutrophil infiltration of crypts
was seen in specimens obtained from 0
of 8 control subjects, 0 of 10 with
LNH, 6 of 21 with autism, 4 of 15 with
Crohn’s disease, and 9 of 14 with UC.
The colitis score in the autistic group
was higher than the scores of the con-
trol and LNH groups but lower than
that of the IBD group. The cellular in-
filtrate (predominantly lymphocytes,
plasma cells, and macrophages) was
located predominantly in the upper
third of the lamina propria and was
often particularly dense beneath the
surface epithelium. Subepithelial depo-
sition of nuclear dust and debris was
particularly prominent in the autistic
and UC groups. The LNH group
showed the highest eosinophil score,
despite the mild overall changes. 

Immunohistochemistry demonstrat-
ed more significant lymphocyte infil-
tration in the children with autism than
apparent on routine histologic exami-
nation, particularly CD8+ and γδ T
cells (Figure, Table III). Overall CD3+

density was significantly higher in the
children with autism than in the con-
trol and LNH groups, similar to CD3+

density in Crohn’s disease, and lower
than CD3+ density in UC. By contrast,
in the autistic group, CD8+ density
was similar to CD8+ density in UC,
and higher than CD8+ density in all
other groups, including the Crohn’s
disease group. The density of γδ cells
was greater in the autistic group than
in all others, usually with a predomi-

369

Figure. Immunohistochemical and histochemical findings. A, CD8+ T cells (brown staining) in trans-
verse colon of typical child with LNH and constipation (original magnification ×20).This density is
similar to that seen in the normal control subjects, and there is no evidence of pericryptal aggrega-
tion of T cells. B, Contrasting dense infiltration of CD8+ cells within lamina propria of an autistic
child at same magnification.There is clustering of CD8 cells around crypts, increased intraepithelial
lymphocytes, and thinning of surface epithelium. C, Large numbers of intraepithelial CD3+ T cells,
with dense subepithelial aggregation, in another autistic child (original magnification ×40). D, Dense
aggregate of CD3+ T cells around a colonic crypt in another autistic child; these were confirmed to
be CD8+ on serial section (original magnification ×40). E, A dense infiltrate of γδT cells in an autistic
child (original magnification ×20).This was not seen in classic IBD, despite increased severity of histo-
logic inflammation compared with that of autistic children. F, Increased epithelial HLA-DR expres-
sion in Crohn’s disease (original magnification ×20).This is upregulated in response to γ-interferon
production.There is also confluent staining in the lamina propria caused by class II major histocom-
patibility complex expression on macrophages and lymphocytes. G, Contrasting findings of negative
epithelial HLA-DR staining in autistic child, despite lamina propria expression essentially similar to
IBD (same magnification as E). H, Distribution of sulfated GAGs (black stain) in autism (original mag-
nification ×20).These are degraded by metalloproteases in inflammatory responses, such as IBD. Un-
like children with IBD, those with autism show no inflammatory matrix degradation in the lamina
propria, which shows a dense meshwork of anionic GAGs as in normal colon. However, there is
clear undersulfation of a thickened basement membrane (white line beneath epithelium) and absence
of the normal pericellular epithelial staining.
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nantly subepithelial distribution. Syn-
decan-1+ plasma cells were increased
within the lamina propria in the autis-
tic group to a level similar to that found
in Crohn’s disease and UC. Sulfated
GAGs were not disrupted within the
lamina propria, unlike Crohn’s disease
and UC, in contrast to the changes
within the epithelial compartment.

Epithelial Changes
Despite the subtle mucosal inflam-

mation, the autistic group showed
marked epithelial pathology (Figure,
Tables II, III, and IV). The epithelial
index was similar to that of Crohn’s
disease and UC. Total intraepithelial
lymphocyte numbers were also signifi-

cantly increased. Despite an increase
in subepithelial HLA-DR expression,
minimal expression was seen in surface
epithelium in the autistic group (weak-
ly detectable in 4/21). This contrasted
with moderate or strong expression in
almost all patients with IBD. Base-
ment membrane thickness was also
greater in the autistic group than in all
other groups. The expression of ep-
ithelial Syndecan-1 was not signifi-
cantly different from that of other
groups, whereas cytokeratin expres-
sion was less intense in the children
with autism. There was also enhanced
crypt cell proliferation in the autistic
group compared with the control and
LNH groups, whereas sulfated GAGs

were decreased in epithelium and
basement membrane to a degree simi-
lar to IBD. 

DISCUSSION

This study extends our reports of
colitis1,2 in children with autism to
demonstrate that autistic enterocolitis
is distinct from classic IBD and is
characterized by increased colonic in-
filtration of T cells and plasma cells,
disproportionate to the inflammation
seen on routine histologic examination.
The epithelium and basement mem-
brane also show distinct abnormalities.
Similar basement membrane thicken-
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Autistic Normal Children Children with Children
children control subjects with LNH Crohn’s disease with UC

CD3+ cells (per mm2) 1067 (± 78) 723* (± 120) 736* (± 57) 951 (± 104) 1320† (± 107)
CD8+ cells (per mm2) 770 (± 58) 384† (± 45) 427† (± 56) 446† (± 50) 840 (± 143)
γδCells (per mm2) 161 (± 15) 59† (± 5) 87* (± 56) 54* (± 3) 100‡ (± 10)
Plasma cells (Syndecan-1+) (per mm2) 853 (± 76) 210† (± 33) 277† (± 68) 931 (± 112) 1049 (± 159)
Epithelial HLA-DR expression (0-4) 0.3 (0-0.5) 0 (0-0.2) 0 (0-0.2) 1.7* (1.2-2.2) 2.2* (1.6-2.9)
Proliferating epithelial cells (Ki67+) 28.5 (23.2-33.8) 11.2† (6.6-15.7) 13.6† (6.5-20.7) 31.6 (20.4-42.6) 49.7‡ (30.9-68.5)

(per 100 cells)

Epithelial HLA-DR expression was graded 0-4 (see Methods) and is presented with 95% CIs. The data for proliferating cells (Ki67+) within the
epithelium are given per 100 cells. Ki67+ cells were counted over longitudinally sectioned crypts only. 

‡P < .05 compared with the autistic group (Mann-Whitney U test).
*P < .01 compared with the autistic group (Mann-Whitney U test).
†P < .001 compared with the autistic group (Mann-Whitney U test).

Table III. Immunohistochemical findings in transverse colon of autistic children compared with histologically normal and disease
control subjects, with mean cell densities/mm2 of lymphocyte types within the lamina propria (± SE)

Autistic Normal LNH Children with Children
children control subjects control subjects Crohn’s disease with UC

Basement membrane thickness (µm) 3.1 (± 0.1) 2.2* (± 0.1) 2.1* (± 0.1) 2.2* (± 0.2) 2.0* (± 0.2)
GAGs in surface epithelium (0-4) 2.2 (1.6-2.6) 3.0† (2.7-3.3) 3.1† (2.5-3.6) 2.4 (1.8-3.0) 1.4† (1.0-1.7)
GAGs in subepithelial basement 2.1 (1.6-2.6) 3.0† (2.7-3.3) 2.8† (2.4-3.1) 2.5 (1.9-3.1) 1.9 (1.3-2.5)

membrane (0-4)
GAGs within lamina propria (0-4) 3.1 (2.9-3.3) 2.8 (2.5-3.1) 2.9 (2.7-3.1) 2.5† (1.9-3.1) 1.9* (1.3-2.6)

Basement membrane thickness was determined in well-orientated PAS-stained sections, while sulfated glycosaminoglycans (GAGs) were localized by
cationic probe staining (see Methods). Values given represent means, with 95% CIs in parentheses (SE for basement membrane thickness). Details
of scoring procedures are given in the Methods section.

†P < .05 compared with the autistic group (Mann-Whitney U test).
*P < .001 compared with the autistic group (Mann-Whitney U test).

Table IV. Histochemical findings in transverse colon of autistic children compared with histologically normal and disease control
subjects
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ing is seen in enteropathies associated
with epithelial injury, such as tufting
enteropathy, and γδcells play a role in
protection of stressed epithelium.16

Thus our findings point to the epitheli-
um as a potentially important target of
this response. In support of this, sulfat-
ed GAGs were focally reduced in the
basement membrane and epithelium,
consistent with either inflammatory
degradation15 or possibly a specific im-
pairment of epithelial sulfation.11

There is also recent evidence to sug-
gest that small bowel enteropathy also
occurs in autistic children.12 

It is important to note that the colonic
lesion was often endoscopically and
histologically subtle. This presents
problems in diagnosis until a secure
marker becomes available. Although
there has been a consistent im-
munopathology in the children we have
studied, it remains unclear whether
they are representative of the main
body of children with classical autism,
without obvious gut symptoms. We are
thus assessing noninvasive markers to
allow better selection of children for
evaluation. We have found that an in-
crease of inflammatory markers is
usually associated with more florid
changes, when endoscopic assessment
is indicated anyway.17 We obtain plain
abdominal x-ray films at first assess-
ment and currently restrict endoscopy
to those with a clear history of GI
symptoms or other evidence of immune
dysregulation. Our practice is to treat
even those in whom we do not perform
endoscopy, if GI problems are uncov-
ered, with active management of con-
stipation,18 often followed by a super-
vised dietary exclusion of cow’s milk and
then wheat. Only if the child shows
clear and significant cognitive responses
do we recommend continuing dietary
exclusions. For those with histologic in-
flammation, we are currently prescrib-
ing aminosalicylate treatment (usually
mesalazine): this is only continued if
the child shows improvement of GI
and/or cognitive symptoms.18 Thus our
management stratagems are broadly

damage and a subtle and long-missed
autoimmune component.33 The known
links between celiac disease itself and a
variety of neurologic abnormalities in-
cluding autism suggest there may be a
group of atypical autoimmune condi-
tions in which the intestine and the
brain are linked. It is clear that proper-
ly controlled clinical trials are needed,
not least because desperate parents
will understandably seek whatever
may possibly help, and with modern
communications, are exposed to a be-
wildering array of unvalidated claims.
The increasing evidence of im-
munopathology suggests that focus on
autoimmunity rather than genetics
may now have become a priority. 

This study could not have been completed with-
out the skill and expertise of the staff of Mal-
colm Ward and the Endoscopy Unit, Royal
Free Hospital. We thank colleagues from the
Departments of Haematology, Biochemistry,
Immunology, and Radiology for their analyses
of the children. We are most grateful to Dr Lei
Lu of Massachusetts General Hospital for as-
sistance with statistical analysis.
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