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Gastrointestinal (GI) symptoms are common comor-
bidities in children with autism spectrum disorders
(ASDs). Parents often attribute these GI symptoms
to food allergy (FA), although an evaluation for
IgE-mediated FA is often unrevealing. Our previous
studies indicated a high prevalence of non-IgE-medi-
ated FA in young children with ASDs. Therefore,
non—-IgE-mediated FA may account for some but not
all GI symptoms observed in children with ASDs.
This raises the question of what treatment measures
are applicable to ASD children with GI symptoms.
A wide variety of dietary supplements and dietary
intervention measures for ASD children have been
promoted by medical professionals practicing com-
plementary and alternative medicine despite the lack
of rigorous scientific validation in most instances.
This review summarizes possible (or proposed) etiol-
ogies of GI symptoms in ASD children and discusses
risks and possible benefits of intervention measures
promoted by complementary and alternative practi-
tioners, with emphasis on FA.

Introduction

Autism spectrum disorders (ASDs) are complex devel-
opmental disorders with largely unknown etiologies.
Although recent progress in genetics has defined various
genetic diseases that manifest autistic features, this group
only accounts for up to 10% to 15% of ASDs, which
usually manifest as severe forms of autism [1,2¢]. For the
remaining ASD patients, the diagnosis of ASD is based
solely on subjective behavioral symptoms that can vary
markedly over time and during development. Experts
generally agree that there are at least two types of ASDs

in terms of development: abnormal cognitive development
evident from birth (classical autism) and developmental
regression, usually between 18 and 24 months of age fol-
lowing apparently normal development (regressive autism)
[3]. In cases of regressive autism, parents often report an
apparent temporal association between onset of regres-
sion and immune insults such as microbial infection or
adverse reactions to medications.

Apart from behavioral symptoms, certain medical
conditions (eg, gastrointestinal [GI] symptoms) are pres-
ent in many but not all ASD children [4]. The presence
of comorbidities also affects the behavioral symptoms.
Because of the high prevalence of GI symptoms and the
apparent clinical improvement by dietary intervention
frequently reported by parents, a link between GI abnor-
malities and the onset and development of ASDs has been
posited. Improvement of behavioral symptoms is most
commonly reported with a dairy- and wheat-free diet (the
so-called casein-free, gluten-free [cf/gf| diet), leading to
speculation about a high prevalence of food allergy (FA)
in ASD children.

In allergy/immunology practice, it is not unusual to
be consulted for the evaluation of FA in an ASD child.
In most such cases, parents have many questions regard-
ing laboratory testing and various intervention measures.
These ASD patients are challenging for practicing aller-
gists/immunologists. First, due in part to their limited
expressive language and other behavioral symptoms, it
is more difficult to obtain a detailed history for FA and
to perform a physical examination on children with
ASD as opposed to normally developing children. It is
also difficult to provide medically sound and up-to-date
information regarding treatment measures promoted
by complementary and alternative (CAM) practitioners,
which often lack rigorous scientific validation, especially
when the parents are desperate for answers.

This review summarizes previously proposed theories
of GI symptoms found in ASD children and examines the
supporting evidence. Intervention measures promoted by
CAM practitioners are also discussed from the point of
view of evidence-based medicine. A major focus is the pos-
sible contribution of FA to GI symptoms observed in ASD
children. This review aims to provide practical informa-
tion for practicing allergists/immunologists for evaluating
GI symptoms and possible FA in ASD children.
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Postulated Etiology of GI Symptoms

in ASD Children

Defects of gut mucosa and gut mucosal immune system
Leaky gut hypothesis: defective intestinal permeability
Gut epithelial cells not only serve as an epithelial bar-
rier but also play an important role in the gut mucosal
innate immunity, partly by producing multiple mediators.
Antimicrobial peptides produced mainly by Paneth cells
clustered in the bottom of the intestinal crypts serve as
broad-spectrum antibiotics that kill gram-positive and
gram-negative bacteria [5]. Colonic epithelial cells are also
thought to contribute to the maintenance of homeostasis
in the colon, in which microbes cohabit at high concentra-
tions. Colonic epithelium was shown to express Toll-like
receptor 9 (TLRY) on the cell surface in rodents [6,7].
TLR9 expressed apically in the epithelium is reported to
compromise the inflammatory cascade induced by several
TLRs expressed basolaterally [6,7]. Therefore, impair-
ment of epithelial functions can significantly affect barrier
functions and intestinal immune homeostasis.

Dysfunction of the intestinal epithelial barrier has
been hypothesized in ASD children and is referred to as
the leaky gut hypothesis [8]. This hypothesis postulates
that impaired gut permeability in autistic children permits
entry of macromolecules such as milk protein, causing
sensitization of the gut mucosal immune system and sub-
sequent FA. It is also postulated that such macromolecules
enter the bloodstream, affecting the central nervous sys-
tem (CNS) directly. Two studies have reported increased
intestinal permeability at high frequency (43% and 75%)
in ASD children with GI symptoms, as evidenced by
altered lactulose to mannitol recovery ratio in the serum
[9,10]. However, a recent study of 14 autistic children
with current or previous GI complaints found no evidence
of altered intestinal permeability [11e]. It should be noted
that in these three studies, patients were not evaluated for
IgE-mediated FA or non-IgE-mediated FA (NFA).

It is not known whether impaired gut permeability
reported in ASD children is an intrinsic defect of the bar-
rier or a result of gut mucosal inflammation caused by FA
or other means. Abnormal intestinal permeability has been
reported in children with IgE-mediated FA and NFA, and
such abnormalities may resolve after implementation of
a restricted diet [12-14]. Likewise, chronic gut mucosal
inflammation such as inflammatory bowel disease (IBD)
can cause increased intestinal permeability. Upregulated
expression of protease-activated receptors 1 and 2 was
implicated with increased colonic mucosal permeability in
patients with Crohn’s disease, augmenting transepithelial
migration of inflammatory cells [15]. Currently, not enough
scientific evidence exists to support a leaky gut hypothesis.

Dysbiosis

The GI tract is inhabited by vast groups of bacterial and
fungal species, often called commensal flora, that com-
pete with each other for nutrients and space. In humans,
commensal flora provide another layer of defense against
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invading pathogenic microbes. Intestinal commensal flora
also play a role in maintaining intestinal homeostasis.
This action is partially attributed to microbial byproducts
sensed by pattern-recognition receptors (PRRs), such as
TLRs, expressed by intestinal epithelial cells [16].

Many dendritic cells (DCs) reside in the intestinal
mucosa and serve as professional antigen-presenting cells.
Intestinal DCs extend their dendrites into the intestinal
lumen through the tight junction of intestinal epithelial
cells, sensing microbial byproducts as well as sampling
luminal antigens [17]. Passage of antigen across the gut
epithelial barrier to the Peyer’s patches is also conducted
by microfold cells rich in the follicle-associated epithe-
lium. Antigen transfer via microfold cells appears to be
associated with induction of oral tolerance [18]. In rodent
models, macrophage migration inhibitory factor produced
by DCs with in vivo bacterial challenge is reported to
augment microfold cell-mediated antigen transport [19].
Through interactions with DCs and other cells, commen-
sal flora appear to preferentially induce T-regulatory cells
(Tregs) that depend on a concentration of retinoic acid,
a vitamin A metabolite, instead of inducing proinflam-
matory T-helper (Th) 17 cells [20e,21,22]. Although it
is not well understood how intestinal DCs differentiate
commensal flora from pathogenic bacteria, induction of
Tregs is likely important for maintaining immune homeo-
stasis in the gut mucosa [23].

In addition to anti-inflammatory effects mediated by
the host—-immune system, commensal flora can exert direct
anti-inflammatory actions. Bacteroides thetaiotaomicron
was shown to restrict the signaling induced by flagellin,
a TLRS agonist and a product of flagellated pathogens.
These microbes block downstream signaling associ-
ated with nuclear factor-xB activation by promoting the
nuclear export of transcriptionally active RelA [24]. This
effect of B. thetaiotaomicron may partially explain why
the gut tolerates large amounts of flagellated, potentially
inflammatory commensal bacteria.

There have been anecdotal reports of the onset of
autism after administration of antibiotics and subsequent
appearance of GI symptoms. It was hypothesized that
antibiotic administration led to disruption of commensal
flora and colonization of bacteria-producing neurotoxin.
In an open-label trial, administration of oral vancomycin
in 10 children with regressive autism resulted in short-term
improvement in their behavioral symptoms, indicating a
potential effect of dysbiosis in ASD children [25].

Two studies that examined the constitution of gut
microflora in ASD children reported differences from
normal controls. One study included seven children with
regressive autism and documented GI symptoms and four
control children. The results revealed significant altera-
tions in the upper and lower intestinal flora [26]. Another
study examined 58 ASD children, 15 normal siblings, and
10 unrelated healthy children. The authors reported a
higher incidence of Clostridium histolyticum in the ASD
children, most of whom had a history of multiple anti-
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biosis and significant GI symptoms [27]. Environmental
factors resulting from altered commensal flora may be a
contributing factor in these studies. That is, the results
may be affected by frequent antibiosis and the restricted
diet on which many ASD children already had been placed
at the time of study entry. Careful selection of the study
participants with appropriate case controls may shed
light on whether dysbiosis has any role in GI symptoms
observed in ASD children. In summary, dysbiosis could
be a factor in ASD GI symptoms, but it is not yet known
whether dysbiosis is secondary to intrinsic defects in the
gut mucosa in ASD children or secondary to other medi-
cal conditions such as frequent antibiosis or FA.

Shultz et al. [28e¢] recently reported impaired social
behaviors in rats after intracerebroventricular injection of
propionic acid (PPA), a metabolic end product of enteric
bacteria and an intermediary of fatty acid metabolism.
PPA is also commonly used as a food preservative. Inves-
tigators have reported that the brains of the animals
injected with PPA revealed astrogliosis—evidence of
neuroinflammation via activation of CNS innate immune
cells [28ee]. Previous research from the same group
also revealed induction of behavioral symptoms often
seen in ASD children in rats by injecting PPA intraven-
tricularly [29]. PPA production is likely to increase with
disruption of commensal flora triggered by prolonged
antibiosis, severe FA, and viral gastroenteritis. Although
most PPA produced remains in the gut, it can cross the
intact blood-brain barrier and affect the CNS directly, as
revealed in animal models [28¢,29]. The effects of PPA
may explain the effects of dysbiosis in ASD children with
a predisposition such as altered fatty acid metabolism.
However, interactions between commensal flora and the
gut immune system are very complex, and multiple factors
likely contribute to dysbiosis and, possibly, the resultant
behavioral changes in ASD children. Further studies are
required to address the role of dysbiosis in ASD children.
Nevertheless, treatment with probiotics in ASD children
with suspected dysbiosis may be justified because of the
safety and known efficacy (as discussed subsequently).

Autism colitis

Because of a high prevalence of GI symptoms in ASD chil-
dren, abnormalities of the GI mucosa have been implicated
in the development of autism. Macroscopic (ileocolonic
lymphoid nodular hyperplasia [LNH]) and histologic find-
ings indicating mild GI mucosal inflammation have been
reported in ASD children with GI symptoms [30-32].
Immunohistochemical studies of biopsy specimens from
ASD children revealed higher numbers of CD3*CDS8*
T cells in the epithelium and higher numbers of CD3* T
cells and CD19* B cells in the lamina propria compared
with biopsy specimens from normal controls [33]. In chil-
dren with regressive autism, Torrente et al. [34] reported
lymphocytic colitis characterized by epithelial IgG and
complement deposition. It should be noted that LNH can
be observed in children without autism, and the signifi-

cance of “autism colitis” remains controversial. However,
one study indicated significantly higher prevalence of
LNH in the ileum and colon in ASD children than in con-
trols. LNH appeared to be unaffected by diet or age at the
time of colonoscopy in this study [32].

The same research group also reported upregulation
of proinflammatory cytokines in the intestinal mucosa of
ASD children with GI symptoms [35¢,36]. These authors
reported that lamina propria CD3* T cells in the duode-
num expressed higher interleukin (IL)-2, tumor necrosis
factor (TNF)-a, and interferon (IFN)-y but less 1L-10,
while lamina propria CD3* T cells in the colon expressed
higher TNF-o and IFN-y in ASD children with GI symp-
toms than in controls [35¢,36]. In 18 ASD children with
GI symptoms, higher expression of TNF-o and IFN-yand
less expression of IL-10 by CD3* T cells in both intestinal
mucosa and peripheral blood were reported [35¢]. How-
ever, when gut inflammation was assessed by measuring
concentration of proinflammatory cytokines (IL-6, IL-8,
and IL-1PB) in the gut mucosal tissue and stool concentra-
tion of calprotectin and rectal nitric oxide, no difference
between ASD children and controls was observed [37].

Such conflicting results may be partially attributed to
the small numbers of study participants and the heteroge-
neity of causes of GI symptoms in the study participants.
It remains to be seen whether “autism colitis” is present
or if GI inflammation is associated with other immune
abnormalities, such as FA. Unfortunately, in all these
studies, the presence of IgE-mediated FA or NFA was not
evaluated. Likewise, dietary intervention measures at the
time of study were not addressed carefully.

If “autism colitis” is not associated with secondary
causes such as FA, are there any mechanisms predisposing
ASD children to chronic colitis? Innate immunity is cru-
cial for maintaining immune homeostasis. Polymorphisms
of several signaling molecules in innate immunity have
been implicated in the risk of development of Crohn’s dis-
ease [38,39]. If genetically predetermined innate immune
abnormalities exist in the gut mucosa, these ASD children
may be more vulnerable to GI inflammation triggered by
immune insults as postulated in IBD patients [39]. How-
ever, such a genetic mutation or polymorphism has not
been documented in ASD children with GI symptoms.
Further studies are indicated to address a role of “autism
colitis” in ASD. As IBD patients are known to manifest
Th17-skewed responses, we evaluated Th17 responses in
ASD children with GI symptoms but found no evidence of
Th17-skewed responses (unpublished observation).

Systemic Abnormalities Affecting GI Mucosa
Abnormal neuronal signaling

Autism was once thought to be a static encephalopathy
caused by structural and genetic abnormalities. However,
a high frequency of comorbidities such as GI symptoms
and sleep disturbance may indicate a chronic inflamma-
tory condition involving other organ systems in some
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autism patients. Various researchers reported evidence of
ongoing inflammation and chronic oxidative stress not
only in the CNS but in the periphery in ASD children [40-
45,469,47]. In cases of autism in which no clearly defined
metabolic/genetic causes are found, chronic multisystem
disease(s) under the influence of multiple genetic and
environmental factors may need to be considered as the
etiology. It has been proposed that GI symptoms observed
in autistic children are associated with defects affect-
ing the CNS and the gut caused by abnormal neuronal
signaling. It was also proposed that abnormal neuronal
signaling occurs upon exposure to environmental factors
such as neurotoxins at the “right time” in genetically pre-
disposed individuals.

Cholinergic and y-aminobutyric acid neurotransmission
Altered signaling in cholinergic neurotransmission and
v-aminobutyric acid (GABA) transmission has been
reported in ASD patients [48-50]. Altered cholinergic
nerve regulation can cause dysregulated inflammatory
responses, as cholinergic signaling is important in down-
regulating inflammatory responses. Altered GABA
transmission affects endocrine and immune systems and
could yield GI symptoms. The possible effects of altered
neurotransmission in autism have attracted considerable
attention from the view of neurotoxicology, especially
because various environmental toxins can affect GABA
signaling pathways. Autistic children may be genetically
more vulnerable to environmental toxins. In addition,
behaviors commonly seen in these children (eg, pica) may
predispose them to exposure to environmental toxins.
However, no evidence currently supports a direct causal
relationship between environmental toxin exposure and
development of autism and/or GI symptoms.

A redox/methylation hypothesis

Evidence of chronic oxidative stress has been described
repeatedly in ASD children [46¢]. Altered activity of methi-
onine synthase is effective in defense mechanisms against
oxidative stress in the acute stage but not in the chronic
stage, causing DNA methylation and dopamine receptor
phospholipid methylation. It was hypothesized that given
evidence of chronic oxidative stress, such mechanisms
may be associated with the neurocognitive defects seen
in autism [46¢]. In this hypothesis, an increased risk of
autism may result from environmental exposure to heavy
metals and xenobiotics in genetically susceptible individu-
als. Xenobiotics also can affect the immune system and
alter gene expression by inhibiting DNA methylation.
Thus, it is hypothesized that exposure to xenobiotics in
the gut mucosa is associated with frequent GI symptoms
observed in ASD children. However, it is not well under-
stood how chronic environmental exposure to xenobiotics
at low doses impacts the immune system, if this is the
case. Epidemiologic studies failed to reveal a causal asso-
ciation between early exposure to mercury, a heavy metal
implicated in autism, from thimerosal-containing vaccines

and immunoglobulins and deficits in neuropsychological
functioning at the age of 7 to 10 years [51]. Toxic effects
of xenobiotics may be significant only in individuals with
defined genetic susceptibility.

It remains to be seen whether the inflammatory con-
dition observed in some autistic children is associated
with genetic vulnerability plus environmental xenobiotics
exposure. Certain neurotropic medications prescribed for
autistic children also may be associated with increased
oxidative stresses. For example, valproic acid, which is
widely used as an antiseizure medication and for control-
ling behavioral symptoms in ASD children, interferes with
B-oxidation in mitochondria and impairs oxidative stress
responses [52]. Careful characterization of ASD study
participants will likely shed light on a role for xenobiotics
in GI symptoms and, possibly, the pathogenesis of autism
in ASD children.

Food Allergy

IgE-mediated FA

Young children are more vulnerable to sensitization
to common food proteins because of an immature gut
mucosal immune system. Because of the high frequency
of GI symptoms in ASD children, the presence of FA has
been widely speculated. Previously reported immunologic
abnormalities such as a higher production of Th2 cyto-
kines without stimuli and an increased frequency of Th
cells expressing Th2 cytokines indicated a higher preva-
lence of atopy in ASD children [53,54]. However, to my
knowledge, no report has clearly documented a high prev-
alence of atopy in ASD children. One group examining
30 autistic children reported a higher frequency of skin
prick test reactivity in its study population [55]. However,
in this study, it is unclear whether these children demon-
strated clinical features indicating atopy. In addition, the
authors reported normal IgE levels and no asthma symp-
toms in their autistic study participants [55].

In 325 ASD children evaluated in the Pediatric
Allergy/Immunology clinic at our institution, the preva-
lence of atopic disorders was equivalent to that in the
general population (Table 1). These ASD children were
evaluated by standard diagnostic measures for atopy,
including the measurement of allergen-specific IgE and/
or skin prick testing. The prevalence of atopy appeared
to be higher in patients diagnosed with Asperger’s syn-
drome, but this may be secondary to the small number
of participants (Table 1). Likewise, we did not find a high
frequency of IgE-mediated FA in ASD children evaluated
in our clinic (Table 1). Our results make it unlikely that a
high prevalence of atopy is associated with the GI symp-
toms frequently seen in ASD children.

Non-IgE-mediated food allergy

In our previous studies, we hypothesized that GI symp-
toms frequently seen in ASD children could be partially
explained by NFA. We also hypothesized that in ASD
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Table 1. Prevalence of atopic disorders in ASD children evaluated in the Pediatric Allergy and Immunology
Clinic at the University of Medicine and Dentistry of New Jersey

Diagnosis* Allergic rhinitis Atopic dermatitis Atopic asthma IgE-mediated FA
ASD 11/44 (25.0%) 3/44 (6.8%) 2/44 (4.5%) 3/44 (6.8%)
Autism 40/163 (24.5%) 9/163 (5.5% 13/163 (8.0%) 2/163 (1.2%)
PDD-NOS 21/108 (19.4%) 3/108 (2.8%)

5/10 (50.0%)
771325 (23.7%)

Asperger’s syndrome
Total ASD children

)
9/108 (8.3%) 13/108 (12.0%)
2/10 (20.0%)
23/325 (7.1%)

1/10 (10.0%)
29/325 (8.9%)

1/10 (10.0%)
9/325 (2.8%)

*Median age for children: ASD (4.1 y), autism (6.6 y), PDD-NOS (4.8 y), Asperger’s syndrome (6 y).

ASD—autism spectrum disorder; FA—food allergy; PDD-NOS—pervasive developmental disorder, not otherwise specified.

Table 2. Production of counterregulatory cytokines (TGF-$ and IL-10) in response to B-lactoglobulin and

Candida antigen

Cells stimulated with*

Study group Medium alone
TGF-B

Control (n = 23), pg/mL 776.8 + 481.0
ASD/non-NFA (n = 27), pg/mL 588.5 + 427.3
ASD/NFA (n = 21), pg/mL 496.6 + 345.7¢
ASD/NFA/diet (n = 52), pg/mL 654.8 + 426.2
IL-10

Control (n = 23), pg/mL 21.6 +20.5
ASD/non-NFA (n = 27), pg/mL 43.3 +68.9
ASD/NFA (n = 21), pg/mL 36.8 £ 92.0
ASD/NFA/diet (n = 52), pg/mL 50.0 + 111.9

B-lactoglobulin

Candida antigen

958.3 + 620.2 890.2 + 64.5
669.7 + 526.8 603.2 £ 483.4
541.4 + 278.8" 511.9 + 445.8°
802.4 £ 629.3 776.6 = 655.0
952.3 £391.4 48.9 + 70.5
950.8 £+ 390.0 71.3 £ 113.7
1116.6 + 358.1 63.1 + 110.9
935.6 + 478.2 74.3 £138.7

*Peripheral blood mononuclear cells were incubated for 4 d with medium alone, B-lactoglobulin (10 pg/mL), or Candida antigen, and TGF-$
and IL-10 levels in the culture supernatant were measured by enzyme-linked immunosorbent assay, as reported by Jyonouchi et al. [57].
*TGF-B levels produced were lower than controls (P < 0.05) by Wilcoxon signed-rank test.

ASD—autism spectrum disorder; ASD/NFA/diet—ASD/NFA on the restrictive diet with resolution of gastrointestinal symptoms;
IL—interleukin; NFA—non-IgE-mediated food allergy; TGF-f—transforming growth factor-p.

children with NFA (ASD/NFA), immune reactivity to food
proteins could be detected by measuring the production
of TNF-a and other inflammatory cytokines by periph-
eral blood mononuclear cells (PBMCs) when PBMCs were
stimulated with food proteins, as demonstrated in children
with NFA to milk proteins [56]. Our results suggested the
presence of cellular immune reactivity to common dietary
proteins (mainly milk protein) in young ASD children
with GI symptoms [57]. However, NFA may be playing a
lesser role in GI symptoms in older ASD children, as most
children likely outgrow NFA with maturation of the gut
immune system and the establishment of oral tolerance
[58]. We also observed a lower prevalence of NFA in older
(age > 6 years) ASD children (unpublished observation).
To address the role of counterregulatory cytokines,
we recently assessed the production of two representative
regulatory cytokines by PBMCs obtained from individuals
with ASD/NFA (n = 21), ASD/NFA on the restrictive diet
with resolution of GI symptoms (ASD/NFA/diet, n = 52),
ASD/non-NFA (n = 27), and controls without ASD (n =
23). We measured production of IL-10 and transforming

growth factor-B (TGF-B) without stimuli or with B-lac-
toglobulin, a major milk protein, or Candida antigen.
We found spontaneous production of TGF-B in all study
groups, but production of IL-10 appeared to be more milk
protein specific (Table 2). We did not find a significant
difference in IL-10 production with B-lactoglobulin or
Candida antigen among the study groups, whereas TGF-
B production was lower in all the settings in ASD/NFA
children (Table 2 and Fig. 1).

In NFA children reactive to milk proteins, the pres-
ence of milk protein—specific Tregs producing IL-10 and
TGF-B has been reported [56]. However, a large amount
of spontaneous production of TGF-B in our results may
also indicate the presence of antigen-nonspecific Tregs
(natural Tregs) [59¢]. Our results also indicate that TGF-
B-mediated tolerance may be impaired in ASD/NFA
children. However, as indicated previously, TGF-B can
promote inflammatory reactions by promoting differen-
tiation of Th17 cells [20e¢,21,22]. Interestingly, in these
ASD/NFA patients, we found minimal IL-17 production
with these stimuli, not indicating skewed Th17 responses
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TGF-F production
with B-lactoglobulin

P <0.05

TGF-B, pg/mL

ASD/
non-NFA

ASD/NFA ASD/

NFA/diet

Control

Figure 1. Transforming growth factor-p (TGF-p) production by
peripheral blood mononuclear cells (PBMCs) obtained from controls,
autism spectrum disorder (ASD) children without non—IgE-mediated
food allergy (ASD/non-NFA), ASD children with NFA (ASD/NFA), and
ASD/NFA children on the restricted diet with resolution of gastroin-
testinal symptoms (ASD/NFA/diet) when cells were incubated with
B-lactoglobulin. The “I” bar marks the range of TGF-B and interleu-
kin-10 levels; the shaded region marks the median. The box illustrates
where the interquartile range falls. Outliers are marked separately as
“0.” TGF-B production by PBMCs from ASD/NFA children was lower
than controls (Wilcoxon signed-rank test).

(unpublished observation). Given our findings, aberrant
innate immune responses may provoke undesired immune
reactivity against commensal flora in ASD children as
observed in IBD patients. Taken together, our data indi-
cate a possible role for NFA (mainly against milk protein)
in GI symptoms in some ASD children.

Dietary intervention

Various dietary intervention measures have been promoted
by parents and CAM-practicing medical professionals
based on anecdotal reports despite the lack of rigorous
scientific validation. Among such dietary intervention
measures, a cf/gf diet appears to be most popular, with
beneficial effects frequently reported by parents. Several
attempts have been made to determine the effects of a
cf/gf diet, but most studies were not well designed [60].
Only two prospective studies have addressed the effects
of the cf/gf diet. These studies examined a small number
of children and revealed conflicting results. One study
reported beneficial effects in behavioral symptoms in 10
autistic children [61], while another reported no benefits
in 15 ASD children [62¢]. These studies appeared to have
been formulated to test the leaky gut hypothesis, and
study participants were not evaluated for IgE-mediated
FA or NFA. Neither study addressed GI symptoms in its
participants. Young ASD children with clear evidence of
IgE-mediated FA or NFA may experience improvement of
behavioral symptoms due to resolution of GI discomfort
with implementation of a cf/gf diet. In such a scenario,
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a milk- and soy-free diet may be sufficient, as the most
common causative proteins inducing NFA in infants are
soy and milk.

There has been a concern that implementing a cf/gf diet
may lead to nutritional deprivation. One study evaluated the
nutritional status of ASD children on a cf/gf diet and found
no evidence of nutritional deprivation in eight autistic chil-
dren on the diet compared with 29 ASD controls without
dietary intervention [63]. It remains to be seen whether the
frequently reported therapeutic effects of a cf/gf diet can be
attributed solely to FA or any other mechanism.

Other types of dietary intervention measures, such as
a specific carbohydrate diet, have been promoted for ASD
children, but few scientific data support such measures.
Multiple dietary supplements also have been promoted
for ASD children by CAM practitioners, but again, scien-
tific evidence has been scant. For example, despite many
anecdotal reports of beneficial effects of dimethylglycine,
two double-blind, placebo-controlled studies failed to
reveal any benefits in 8 and 37 ASD children, respectively
[64,65]. Most studies addressing the effects of nutritional
supplements involved small numbers of study participants.
It remains to be seen whether any dietary supplements
provide significant beneficial effects in ASD children.
However, considering the skewed dietary habits often
seen in ASD children, providing vitamin supplementation
and/or other nutritional supplements at optimal but not
excessive levels under the guidance of skilled dieticians is
reasonable to ensure adequate nutrition.

Probiotics

With the notion of dysbiosis in ASD children, therapeutic
use of probiotics has been popular among parents rear-
ing autistic children. As previously noted, probiotics play
a role in maintaining intestinal mucosal immune homeo-
stasis [23]. In IBD patients, the efficacy of probiotics, by
restoring commensal flora and attenuating local and sys-
temic inflammation, has been well documented [66]. The
potential therapeutic effects of probiotics in children with
FA have been explored [67,68]. Sound scientific evidence
seems to support their potential preventive and therapeu-
tic effects, although no consensus has been reached on
which strains to use and how much to supplement [67,68].
The potential beneficial effects of probiotics for treating
dysbiosis in ASD children have been speculated but not
substantiated in rigorous prospective studies. However,
given the scientific evidence produced in other patients,
the use of probiotics in ASD children with significant GI
symptoms may be justified.

Conclusions

In summary, convincing data support the presence of
chronic GI inflammation in ASD children, but the etiology
of this GI inflammation is not well understood and is likely
affected by multiple genetic and environmental factors. NFA
can partially explain the GI symptoms and apparent benefi-



200 | Food Allergy

cial effects of dietary interventions in some ASD children,
especially young ASD children. Apparent effects of oral
vancomycin and altered commensal flora reported in ASD
children may be explained partially by dysbiosis, which is
likely associated with multiple environmental and, possibly,
genetic factors. Further studies are required to understand
the etiology of GI symptoms observed in ASD children.
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