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Abstract. Cerebral folate deficiency (CFD) is a neurometabolic syndrome characterized by low levels of 5-methyltetrahydrofolate
(5MTHF) in the brain despite normal systemic folate levels. Notably, CFD represents one of a few progressive neurological
disorders that is treatable and potentially reversible. One common cause of CFD is an autoantibody that binds to the folate
receptor-a (FRa) making it non-functional and blocking the transportation of 5SMTHF from the blood into the central nervous
system. Cow’s milk contains soluble FRa antigen, which is 91% similar to human FRa. Autoantibodies to the FRa cross-react
with the soluble FRa antigen in cow’s milk, increasing the concentration of autoantibodies and resulting in worsen of CFD, while
elimination of cow’s milk lowers the autoantibody concentration and improves CFD symptoms. Notably, some cases of CFD
are due to mitochondrial disease (MD). To date, three studies have reported an association between CFD and Rett syndrome,
seven studies have reported that CFD is associated with autism spectrum disorders (ASD) in some children, and five studies have
reported FRa autoantibodies in children with ASD, some of whom also had CFD. One study of 93 children with ASD reported
that FRa autoantibodies were found in 75.3%. From these studies of children with concomitant ASD and CFD, treatment
with oral folinic acid (leucovorin, 0.5 to 2 mg/kg/day) resulted in various improvements ranging from partial improvements
in communication, social interaction, attention and stereotypical behavior to complete recovery of both neurological and ASD
symptoms. Notably, an overlap between ASD, MD and CFD is found in some children with ASD, and therefore we recommend
testing for MD and CFD/FRa autoantibodies in all individuals with ASD. Further studies examining FRa autoantibodies and
CFD in children with ASD arewarranted.
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1. Introduction autistic disorder, Asperger syndrome, and pervasive

developmental disorder-not otherwise specified (PDD-

Autism spectrum disorders (ASD) are a heteroge-
neous group of neurodevelopmental disorders that are
behaviorally defined and characterized by impairments
in communication and social interaction along with
restrictive and repetitive behaviors [1]. ASD includes
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NOS). An estimated 1 out of 88 individuals in the Unit-
ed States (U.S.) is currently affected with an ASD [2].
ASD affects approximately four times as many males as
females [3]. The etiology of ASD is unclear at this time.
Although several genetic syndromes, such as Fragile
X, have been associated with ASD, empirical studies
have estimated that single gene and chromosomal de-
fects only account for approximately 6-15% of ASD
cases [4]. In fact, one recent study of dizygotic twins
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reported that environmental factors were estimated to
account for 55% of autism risk compared to 37% for
genetic factors, with risks for developing the broader
diagnosis of ASD nearly identical [5]. Therefore, the
majority of ASD cases are not due to a simple single
gene or chromosomal disorder. Although many of the
cognitive and behavioral features of ASD are thought
to arise from dysfunction of the central nervous system
(CNS), evidence from many fields of medicine has doc-
umented multiple non-CNS physiological abnormali-
ties associated with ASD [6-9], suggesting that ASD
arises from systemic, rather than organ specific, abnor-
malities. This article reviews cerebral folate deficien-
cy (CFD) and folate receptor (FRa@) autoimmunity in
individuals with ASD.

1.1. Folate metabolism

Folate is an essential B vitamin (B9) required for
normal neurodevelopment [10,11]. Defects in folate
metabolism can cause secondary physiological abnor-
malities, some of which have been associated with
ASD. Since folate is essential for the production of
purines and pyrimidines, the nucleotide precursors of
RNA and DNA, low folate levels can result in abnor-
malities in cell proliferation, transcription, and trans-
lation, thus contributing to DNA instability [12] and
chromosomal breakage [13]. Folate depletion can cause
DNA methylation alterations in the brain [14] and
deficits in folate metabolism have been shown to be as-
sociated with methylation deficits and oxidative stress
in some children with ASD [8,15,16].

Deficits in folate metabolism could explain several
CNS abnormalities documented in ASD. For example,
examination of postmortem ASD brains has shown al-
terations in DNA methylation in the frontal cortex [17]
and increased oxidative stress in cortical regions asso-
ciated with speech, emotion, and social behavior [18].
Since chronic oxidative stress can result in mitochon-
drial dysfunction [19], the increased oxidative stress
noted in postmortem ASD brain samples [18] could ac-
count for the mitochondrial dysfunction found in sim-
ilar cortical regions in the postmortem ASD brain [20,
21].

ASD has also been associated with defects in fo-
late metabolism. Polymorphisms in the genes coding
for methylenetetrahydrofolate reductase (MTHFR) [8,
22-29] and dihydrofolate reductase [30] enzymes have
been reported in some children with ASD. Both of
these enzymes are involved in the production of 5-
methyltetrahydrofolate (5SMTHF), a metabolically im-

portant and reduced form of folate which is the ac-
tive metabolite of folate in the CNS. MTHFR is the
enzyme that converts folate into 5SMTHF. Moreover,
polymorphisms in MTHFR have been associated with
more severe ASD behaviors, including unusual body
movements, hyperactivity and self-injury [28].

1.2. Cerebral folatedeficiency

Idiopathic CFD syndrome is a neurometabolic syn-
drome characterized by low levels of SMTHF in the
CNS despite normal systemic folate levels. This condi-
tion is a recently described disorder, being first report-
ed by Ramaekers et al. in 2002 with a patient present-
ing with psychomotor retardation, spastic paraplegia,
cerebellar ataxia, and dyskinesia who had low cere-
brospinal fluid (CSF) 5-MTHF levels with normal red
blood cell (RBC) and serum folate levels, implying a
disturbance of transport of folates across the blood-
brain barrier [31]. The authors described two different
folate transport mechanisms into the CNS: the reduced
folate carrier 1 (RFC1) and the FRa proteins. Nor-
mally, SMTHF is transported across the blood-brain
barrier by the FRa, but it can also be transported by
RFCL1. In the aforementioned patient with idiopathic
CFD syndrome, the FRa proteins were suggested to be
defective and folinic acid was utilized as a treatment
because it can enter the CNS via the alternate RFC1at
the choroid plexus [31]. Additional studies have now
reported that treatment of CFD with folinic acid can,
in some cases, dramatically improve motor skills, even
in as little as one week, as well as improve speech im-
pairments [32]. In fact, CFD represents one of a few
progressive neurological disorders that is treatable and
potentially reversible.

Idiopathic CFD syndrome was further defined in
2004 by Ramaekers and colleagues who reported that
individuals with CFD generally have normal early de-
velopment until the typical onset at four to six months
of age. Symptoms include marked irritability, unrest,
slow head growth, psychomotor retardation, cerebellar
ataxia, spastic paraplegia, pyramidal tract signs in the
legs, dyskinesias (choreoathetosis and ballismus) and,
in some cases, seizures. Central visual disturbances
(optic atrophy and blindness) and hearing loss occurred
after age 3 and 6 years old, respectively, in some pa-
tients [33].

In 2005, Ramaekers and colleagues then identified
an autoantibody which attached to the FRa, making
it non-functional [34]. Normally, 5SMTHF binds to the
FRa Normally, SMTHF binds to the FRa through a gly-
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cosylphosphatidylinositol (GPI) moiety anchored to the
basolateral endothelial surface of the choroid plexus.
Through receptor-mediated endocytosis, 5SMTHF is
then transported across the cell in an ATP-dependent
process, where it is normally concentrated two-fold
higher in the CNS compared to the blood. The FRa
has a high affinity for both folate and 5SMTHF deriva-
tives. RFC1 has a lower affinity for folates and lies
on both the basolateral as well as the apical surface of
the choroid plexus, and in other locations like neuronal
axons. RFC1 transports SMTHF into neurons.

The FRa autoantibodies have a high affinity for the
FRa and block the transport of the folates across this
carrier on the basolateral surface. These autoantibodies
bind to the FRa located in the choroid plexus; however
these autoantibodies could potentially impede the fo-
late receptors located in the thyroid, placenta and lung
as well. These autoantibodies do not bind significant-
ly to folate receptor protein-2, another folate recep-
tor found in the prostate, liver, testicular, ovarian tis-
sues and blood cells [34]. In healthy adult women, the
prevalence of blocking FRa autoantibodies has been
estimated to be 10-15% in the United States [35], 4—
7% in Spain [36], and 9-13% in Ireland [37]. These
autoantibodies have previously been described to be
associated with neural tube defects, although this has
not been found in every study [37]. One study reported
a 12-fold increased risk of subfertility in women with
the presence of these autoantibodies [36]. However, in
adult populations, a low titer of this autoantibody may
not necessarily be pathogenic [38]. Notable, folic acid
(aninactive, oxidized form of folate used to fortify food
and found in some nutritional supplements) can also
attach to the FRa and block this receptor as well [39].
Therefore, in patients with CFD, the use of folic acid
should be avoided, whenpossible.

Notably, reactive oxygen species (ROS) have been
reported to inhibit FRa mediated 5SMTHF uptake [40].
This finding may be particularly significant in individ-
uals with ASD because they have been shown, as a
group, to be under higher oxidative stress and have re-
duced levels of antioxidants as compared to controls [8,
15,19,41-47].

1.3. The genetics of cerebral folate deficiency

In children with CFD, some studies have reported
several mutations in the folate receptor 1 gene (FOLR1)
which codes for the FRa [48-50]. In one study, muta-
tions in this gene did not correlate with clinical sever-
ity, suggesting other factors contributed to CFD [48].

In addition, in one study, all 10 patients with muta-
tions in FOLR1 had an extremely low CSF 5SMTHF (<
5 nmol/l) [48]. This suggests that screening for FOLR1
defects should be performed in individuals with CFD
who have extremely low CSF 5MTHF. However, even
in this specific phenotype of very severe CFD, muta-
tions were only identified in a fraction (14%) of the
cases studied. Todate, studies in individuals with ASD
have not reported any mutations in FOLR1[51,52].

1.4. The influence of dietary factors in cerebral folate
deficiency

Cow’s milk contains soluble FRa antigen, which
is 91% similar to the human FRa. Autoantibodies to
the FRa cross-react with the soluble FRa antigen in
cow’s milk, which can lead to an increase in the circu-
lating serum FRa autoantibody concentration. Expo-
sure to cow’s milk has been shown to increase the con-
centration of the FRa@ autoantibody and lead to wors-
ening of CFD symptoms, while elimination of cow’s
milk has been reported to lower the autoantibody con-
centration and improve CFD symptoms [53]. More-
over, re-exposure to cow’s milk after a period of be-
ing cow’s milk-free substantially worsens the condi-
tion and increases the autoantibody concentration [53].
These findings may help explain why some parents of
children with ASD report improvements in their child
on a cow’s milk-free diet [54,55]. Notably, exposure
to cow’s milk has also been associated with constipa-
tion and megarectum in some children with ASD [56]
and a recent study of 199 children with ASD reported
that 58% had lactase deficiency [57]. Recently, some
parents have been using camel’s milk as a treatment
in some children with ASD because camel’s milk ap-
pears to help food allergies in some individuals [58,59].
However, the concentration of FR@ antigen in camel’s
milk is similar to that found in cow’s milk and its im-
munoreactivity with FRa is also similar to the FRa
antigen in cow’s milk and is 2—3 fold higher than with
human milk (Dr. Quadros, personal communication,
12/21/11). Therefore, the use of camel’s milk in chil-
dren with FRagautoantibodies may be problematic.

1.5. Mitochondrial disease as a cause of cerebral
folate deficiency

In 1983, low CSF folate was linked to mitochondri-
al disease (MD) in a woman with Kearns-Sayre syn-
drome [60]. In 2006, CFD was linked to MD in a case
report of a child with an incomplete form of Kearns-
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Sayre syndrome [61]. Further case reports and case
series later expanded the association between CFD and
MD to include complex | deficiency [62], Alpers’ dis-
ease [63] and complex IV overactivity [64], as well
as a wide variety of mitochondrial disorders in both
children and adults [65]. One study reported CFD in
three individuals with Kearns-Sayre syndrome and in
four patients with MD [66]. A larger study [65] of 28
patients with MD, diagnosed by standard criteria [67],
reported that 50% had CFD. Notably, one study report-
ed a child with ASD who also had MD and CFD [68].
In many of these cases, autoantibodies to FRa were not
found, suggesting that it was the lack of ATP availabil-
ity secondary to mitochondrial dysfunction that result-
ed in the impaired transportation of 5-MTHF into the
CNS.

1.6. Autism spectrum disorder is associated with
cerebral folate deficiency and the folate receptor
alpha autoantibody

To date, three studies have reported a connection be-
tween CFD and Rett syndrome [66,69,70], seven stud-
ies have reported that CFD is associated with ASD
in some children [33,34,51-53,68,71] and five stud-
ies have reported FRa autoantibodies in children with
ASD, some of whom also had CFD [34,38,52,53,72].
In CFD, the male-to-female ratio is approximately 2.5—
3:1 [33,52,53], approaching the prevalence reported in
ASD [3].

CFD was first described in ASD in 2004 in a study
of 20 children with CFD, of whom seven children met
the criteria for autism on the Autism Diagnostic Ob-
servation Schedule (ADOS). In this study, 18 of the
20 (90%) children had normal development during the
first 4 months of life, followed by a deceleration of
head growth from four to six months of age, as well as
sleep disturbances, marked unrest and irritability. In-
terestingly, 9 of 20 (45%) children had reduced CSF
5-hydroxy-indolacetic acid (5-HIAA, a metabolite of
serotonin) levels in the face of normal homovanillic
levels. Seven of these nine (78%) children had 5-HIAA
levels return to normal after folinic acid supplemen-
tation [33]. Notably, two other studies in individuals
without autism also reported a normalization in CSF
serotonin levels from folinic acid administration, in-
cluding one child with CFD [32] and four children with
Rett syndrome who also had CFD [69].

In 2005, another group of investigators described a
6 year old girl with CFD who met the criteria for autism
as measured on the ADOS and the Autism Diagnos-

tic Interview-Revised (ADI-R). Treatment of this child
with folinic acid corrected the low 5-MTHF levels in
the CSF and led to improved motor skills as well as
parentally reported mild improvements in verbaliza-
tions and social interaction[71].

A larger study in 2005 reported that out of 28 chil-
dren with CFD, five met the criteria for autism on the
ADOS. These children had “low functioning” autism
along with neurological deficits. One child“recovered
completely” after taking 400 ug of folic acid daily and
was reported to be attending regular school; this child
did not produce autoantibodies to the FRa. The other
four children with autism had mental retardation and
high titers of blocking autoantibodies (ranging from
0.65 to 1.27 pmol of FRa blocked per ml of serum)
and treatment with folinic acid or folic acid led to im-
proved communication in the two youngest children,
while the two older children had poorer outcomes. No-
tably, in this study, four out of the five (80%) children
with autism produced blocking autoantibodies that ac-
counted for the CFD [34].

In another study from 2007 of 25 children with re-
gressive autism (diagnosed on ADOS and ADI-R) who
were “low functioning” with or without neurological
defects, 23 (92%) children had low CSF 5SMTHF lev-
els consistent with CFD. Of these 23, 19 (83%) had
measurable blocking autoantibodies to the FRa which
could account for the low CSF 5SMTHF. In one of the
children with CFD and autism, the FRa autoantibody
concentration measured weekly over 6 weeks strongly
correlated with increasing aggressive behavior. These
children were treated with oral folinic acid, and two
younger children (ages two years and eight months,
and three years and two months) were “cured with
full recovery from autism and neurological deficits.”
Three older children had improvements in neurologi-
cal deficits but not in autism symptoms. The remaining
13 children had improvement in neurological deficits,
and partial improvements in autistic symptoms, includ-
ing social impairment (four children, 31%), communi-
cation impairments (nine children, 69%), and restricted
interests (six children, 46%) [52].

In another study from 2008 of 7 children with CFD,
five children were examined for possible autism (two
children displayed symptoms considered to be too se-
vere to be tested for autism) and all five of these chil-
dren met the criteria for autism based on the ADOS
and the ADI-R. Notably, none of these five children
had a history of deceleration of head growth, a com-
mon finding in CFD. Four of the seven (57%) children
demonstrated various improvements in cognition, mo-
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tor skills, social interaction, communication and a re-
duction in the frequency of seizures with folinic acid
treatment [51].

In one study from 2008 of 24 children with CFD,
10 met criteria for autism as measured by ADOS and
ADI-R. Folinic acid was given to all 24 children, which
led to improvements in irritability, insomnia, ataxia,
seizure frequency and spasticity as well as ceasing the
deceleration in head growth. In the 10 children with
autism, folinic acid led to marked improvements in two
children and partial improvements in four children in
communication, attention and stereotypies. In addition,
elimination of cow’s milk in some of the children led to
a significant reduction in FRa autoantibody concentra-
tion, with a significant increase when cow’s milk was
reintroduced. Elimination of cow’s milk also led to im-
provements in CFD symptoms. In other children, the
continuation of cow’s milk over a two year period led
to a significant rise in FRa autoantibody concentration.
Notably, children who had a blocking autoantibody titer
of approximately 0.5 pmol of FRa blocked per ml of
serum or higher were very likely to have below normal
levels of CSF 5SMTHF. However, some children with a
very low blocking autoantibody titer (e.g., 0.1 pmol of
FRa blocked per ml of serum) still had low levels of
CSF 5MTHF and subsequent CFD [53].

Recently, Frye et al. [72] reported that autoantibod-
ies to the FRa were present in approximately 75%
of children with ASD, and administration of folinic
acid (2 mg/kg/day; max 50 mg/day) in children with
ASD and FRa autoantibodies resulted in significant
improvements in parental ratings of receptive and ex-
pressive language, verbal communication, stereotypic
behavior, and attention compared to parental ratings for
children who did not undergo did not undergo any in-
tervention (wait-list control group) over a similar time
period. In this study, FRa autoantibody titers were
collected in 93 children with ASD as part of a medi-
cal workup. Concentrations of both the blocking and
binding FRa autoantibodies were measured and cate-
gorized as negative, low, medium, or high [34,37]. The
sample included 84 male and nine female children with
ASD (mean age = 7y 3 m, SD = 3y 1 m; range =
2y 11 m — 17y 5 m). Overall, 60% and 44% were pos-
itive for the blocking and binding FRa autoantibody,
respectively. For children who were positive for the
blocking FRa autoantibody, a low, medium, or high
titer was found in 33%, 17%, and 10% of the sample,
respectively. For children with the binding FRa au-
toantibody, a low, medium, and high titer was found in
40%, 4% and 0% of the sample, respectively. Overall,

29% of children were positive for both blocking and
binding FRa autoantibodies, 46% were positive for on-
ly one FRa autoantibody and 75% were positive for
at least one FRa autoantibody. Review of the clinical
and medical characteristics between children positive
for at least one FRa autoantibody as compared to those
negative for both FRa autoantibodies demonstrated no
significant differences. Notably, 27 parents underwent
FRa autoantibody testing and 10 (37%) were found to
be low positive for the blocking FRa autoantibody, 2
(7%) were low positive for the binding FRa autoan-
tibody, and none were positive for both autoantibod-
ies. Six siblings without ASD were also tested for FRa
autoantibodies and 1 (17%) was low positive for the
blocking FRa autoantibody and 1 (17%) was low posi-
tive for the binding FRa autoantibody, with none being
positive for both autoantibodies.

In addition, 44 children (age mean = 6y 10 m; SD =
2y 8 m) of the 70 children positive for at least one FRa
autoantibody were given 2 mg/kg/day of folinic acid
in two divided doses (maximum 50 mg daily). The
dose was escalated over a two-week period with half
of the final dose given during the first two weeks. In-
tervention response and adverse events were assessed
during a follow-up after at least one-month of interven-
tion (mean follow-up time = 4.0 months; SD = 2.6 m).
No significant changes were made in other interven-
tions during the follow-up period. Parents were asked
to rate intervention responses using a modified Clini-
cal Global Impression (CGI) Improvement subscale on
cognition and behavior dimensions: verbal communi-
cation, receptive language, expressive language, non-
verbal communication, stereotypical behavior, hyper-
activity, mood, attention, and aggression.

Twenty-six FRa autoantibody positive children were
not treated with folinic acid because they were awaiting
FRa autoantibody or CSF results. During follow-up,
nine children were found to have not made any changes
in interventions since the blood draw for the FRa au-
toantibodies (age mean = 6y 11 m, SD = 2y 8 m);
therefore the wait-list control group was composed of
these nine patients. Parents were asked to rate changes
in their child’s behavior since the blood draw on the
CGl scale. The mean time between blood draw and
rating was 3.1 months (SD = 1.3 months) for the wait-
list control group, which was not significantly different
than the treatment length for the intervention group.

Todetermine if parental ratings demonstrated greater
improvement in the intervention group compared to the
control group, one-tailed Mann-Whitney U nonpara-
metric tests were used. The one-tailed test was used
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since it was hypothesized that an improvement, not a
decrement, in cognitive-behavioral function would oc-
cur with the intervention. Parametric t-tests were al-
so computed for comparison. Significantly higher im-
provement ratings were found for treated compared
to untreated children on ratings of verbal communica-
tion, receptive and expressive language, attention, and
stereotypical behavior. These significant differences
were confirmed using the Student’s t-test. The Mann-
Whitney U test did not find significant differences be-
tween groups for the ratings of non-verbal communica-
tion, mood, hyperactivity, or aggression although the t-
test did demonstrate significantly higher improvement
ratings for treated compared to untreated children on
ratings of non-verbal communication, mood, and ag-
gression. Approximately two-thirds (66%) of the chil-
dren treated were rated as manifesting improvement in
receptive and expressive language, verbal communica-

tion, attention, and stereotyped behavior, with one-third
(~33%) of children rated’as demonstrating moderate

or much improvement. Thus, folinic acid treatment ap-
pears to result in improvement in core (i.e., commu-
nication, stereotyped behavior) and associated (i.e., at-
tention) symptoms of ASD in children with ASD who
are positive for FRagautoantibodies.

In this study, adverse effects of folinic acid were
minimal for children positive for the FRa autoantibody
who received the intervention for at least one month.
Four (9%) of the 44 treated children discontinued the
intervention due to an adverse effect. Three boys, all
taking risperidone, discontinued within two weeks due
to worsening aggression. One other patient was tak-
ing risperidone but did not demonstrate adverse ef-
fects. The fourth boy developed insomnia and gastroe-
sophageal reflux six weeks after the intervention start-
ed. Thus, overall, there was a very low rate of interven-
tion discontinuation and a low rate of reported adverse
effects. As a comparison, for children who underwent
the folinic acid and methylcobalamin intervention in
the James et al. [73] study, four children discontinued
the study (9%); two due to the fact that parents were
uncomfortable giving methylcobalamin injections and
two due to sleep disruption and increased impulsivity
and irritability.

Recently, Ramaekers et al. examined the prevalence
of FRa autoantibodies in 75 children with autism and
their parents, compared to 30 non-autistic controls who
had developmental delay [38]. Age and serum folate
levels were similar in both groups of children. In the
children with ASD, 47% (35 out of 75) were positive
for the blocking autoantibody while only 3% (1 out of

30) of control children were positive (p < 0.001). In
the mothers, 19 out of 74 (26%) were positive, while
9 out of 50 (18%) fathers were positive. Fluctuations
in autoantibody titers were observed in some children,
and two children fluctuated between 0 and 1.14 pmol
FRa blocked per ml serum. Based on these findings, the
investigators suggested that children with ASD should
be tested on multiple occasions for autoantibodies to the
FRa to avoid missing those who might be intermittently
negative. In addition, in 40 children who were negative
for the FR autoantibody, 10 mothers and 4 fathers tested
positive, suggesting that parental autoantibodies to the
FRa might have played some role in the ASD.

1.7. The clinical implications of cerebral folate
deficiency and the folate receptor alpha
autoantibody in autism spectrumdisorder

In the reviewed studies, most children with ASD who
had CFD possessed FRa autoantibodies. However, in
two of these studies, 17% [52] to 20% [34] of children
with CFD and concomitant ASD did not have these
autoantibodies, indicating another cause for CFD was
present. Since the transport of SMTHF into the CSF
is ATP-dependent, one potential reason for this find-
ing is mitochondrial dysfunction [65], which is a rel-
atively common finding in ASD [6,74]. In one study,
children with ASD who had a high FRa autoantibody
concentration were likely to have a below normal level
of 5SMTHF in the CSF. However, even some children
with very low FRa autoantibody concentrations may
have CFD [53]. Therefore, it is noteworthy that some
children with ASD who have either a very low con-
centration of FRa@ autoantibodies or no autoantibodies
may still have CFD. Treatment of these children with
oral folinic acid may lead to beneficial effects.

From the reviewed studies of children with concomi-
tant ASD and CFD, treatment with oral folinic acid
(leucovorin, 0.5 to 2 mg/kg/day) resulted in various im-
provements ranging from partial improvements in com-
munication, social interaction, attention and stereotyp-
ical behavior [34,51,53,71] to complete recovery of
both neurological and ASD symptoms [34,52]. In one
study, treatment with folinic acid corrected low sero-
tonin related findings in a majority of children with
CFD and concomitant ASD who also had low levels of
CSF 5-HIAA[33].

Only two of the reviewed studies reported the preva-
lence of FRa autoantibodies in control children. One
study reported that 34% of siblings without ASD were
positive for one of the FRa autoantibodies, butthe
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sample size was quite small (six children) [72]. The
other study reported 3% of control children were posi-
tive for the blocking FRa autoantibody, but these con-
trol children had developmental delay [38]. Previous
studies have demonstrated the prevalence of blocking
FRa autoantibodies in the general population to range
from 4% [36] to 15% [35]. Therefore, the reviewed
studies strongly support the notion that there isa high-
er prevalence of FRa autoantibodies in children with
ASD compared to the general population.
Because FRa autoantibodies appear to be highly
prevalent in children with ASD, we recommend that
FRa autoantibody testing should be considered in all
patients with ASD. Testing may need to be performed
on multiple occasions since some children may be inter-
mittently positive for the FRa@ autoantibody [38]. Early
identification and treatment is paramount as younger
children generally respond more robustly than older
children, with “cure” reported in some of the youngest
children [52]. 1t may also be prudent to test parents for
the presence of FRa@ autoantibodies since two studies
reported that 18-44% of the parents are positive for at
least one of the autoantibodies [38,72]. Furthermore,
since one study [72] reported that 34% of typically de-
veloping siblings are positive for at least one of the
FRa autoantibodies, it may be prudent to test siblings.
Notably, an overlap between ASD, MD and CFD
is found in some children with ASD [68], and there-
fore we also recommend testing for MD in individu-
als with ASD [6,74]. In children with ASD who have
FRa autoantibodies or who have CFD, treatment with
oral folinic acid can lead to improvements in receptive
and expressive language, attention, and stereotypical
behavior [52,72]. Interestingly, one study reported an
improvement in seizure activity with folinic acid treat-
ment [51]. Elimination of cow’s milk is also essen-
tial [53]. Further studies examining FRa autoantibod-
ies and CFD in children with ASD arewarranted.
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