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Abstract
Objectives—To assay if plasma antibody levels in children with autism or developmental delays
(DD) differ from those with typical development as an indicator of immune function and to correlate
antibody levels with severity of behavioral symptoms.

Methods—Plasma was collected from children with autistic disorder (AU; n=116), DD but not
autism (n=32), autism spectrum disorder but not full autism (n=27), and age-matched typically
developing (TD) controls (n=96). Samples were assayed for systemic levels of immunoglobulin (IgG,
IgM, IgA, and IgE) by enzyme-linked immunosorbent assay. Subjects with autism were evaluated
using the Autism Diagnostic Observation Schedule and the Autism Diagnostic Interview—Revised,
and all subjects were scored on the Aberrant Behavior Checklist (ABC) by the parents. Numerical
scores for each of the ABC subscales as well as the total scores were then correlated with Ig levels.

Results—Children with AU have a significantly reduced level of plasma IgG (5.39±0.29 mg/mL)
compared to the TD (7.72±0.28 mg/mL; P<0.001) and DD children (8.23±0.49 mg/mL; P<0.001).
Children with autism also had a reduced level of plasma IgM (0.670.06mg/mL) compared to TD
(0.79±0.05 mg/mL; P<0.05). Ig levels were negatively correlated with ABC scores for all children
(IgG: r=−0.334, P<0.0001; IgM: r=−0.167, P=0.0285).

Conclusion—Children with AU have significantly reduced levels of plasma IgG and IgM
compared to both DD and TD controls, suggesting an underlying defect in immune function. This
reduction in specific Ig levels correlates with behavioral severity, where those patients with the
highest scores in the behavioral battery have the most reduced levels of IgG and IgM.
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Introduction
Autism spectrum disorders (ASD) are a group of heterogeneous, behaviorally defined disorders
characterized by disturbances in both verbal and non-verbal communication, language,
imagination, and social interaction, often with repetitive and stereotyped behavior [APA,
1994]. The prevalence has recently been estimated to be 1:150 in the total population and affects
approximately four times as many males as females [MMWR, 2007]. ASD is diagnosed
between 2 and 4 years of age, when children begin to take part in structured social interactions.
While no specific autism genes have been identified to date, autism is believed to have a
complex heritability involving several susceptibility genes that may impact both
neurodevelopment and immune function. How genes associated with autism interact among
themselves and how their phenotypic penetrance is influenced by epigenetic and environmental
factors are poorly understood.

The potential role of the immune system in the etiology of autism arises from emerging
evidence of a dysregulated or abnormal immune response in children with ASD [reviewed in
Ashwood, Wills, & Van de Water, 2006]. Hypotheses that implicate the immune system in the
etiology of a behavioral disorder are somewhat controversial. However, the molecular and
cellular mechanisms that interconnect the immune and nervous systems are becoming more
clearly understood. For example, cytokines and other products of immune activation have
widespread effects on neuronal pathways and can alter behaviors such as mood and sleep
throughout life [Hogan, Morrow, Smith, & Opp, 2003; Larson, 2002]. Further, the immune
and nervous systems are interdependent such that disruption of either system, especially during
early development, has the potential to alter the function of the other [Biber, Zuurman, Dijkstra,
& Boddeke, 2002; Huh et al., 2000; Marques-Deak, Cizza, & Sternberg, 2005; Mehler &
Kessler, 1998; Mignini, Streccioni, & Amenta, 2003; Rothwell, Luheshi, & Toulmond,
1996]. Elucidation of the mechanisms responsible for the observed abnormalities in immune
function noted in autism may therefore provide valuable insights into the etiology of this
disorder.

Various immune system components and mediators including cytokine and immunoglobulin
(Ig) levels, cell numbers and function including monocytes/macrophages, and natural killer
cells have all been investigated in autism [Engstrom et al., 2003; Jyonouchi, Sun, & Le,
2001; Sweeten, Bowyer, Posey, Halberstadt, & McDougle, 2003; Warren, Foster, &
Margaretten, 1987; Warren et al., 1990].

However, such findings have often been inconsistent due to numerous methodologic factors,
the most notable of which are the use of inappropriate and non-age-matched control groups,
as well as heterogeneous, ill-defined subject populations. Despite the current lack of consensus,
it is becoming more widely accepted that one or more subsets of children with autism may
present with abnormal or dysregulated immunity.

Ig are part of the humoral immune response, the net result of a specific response orchestrated
by the complex interaction between dendritic cells, T cells, and Ig-producing B cells. Ig levels
are therefore a means to measure not only immune development but successful humoral
immune function as well. Ig are of particular interest in childhood disorders because levels are
very low at birth and it may take up to 10 years for certain isotypes to reach adult levels [Aksu,
Genel, Koturoglu, Kurugol, & Kutukculer, 2006]. Herein, we describe decreased levels of IgG
and IgM in children with autism. In addition, we analyzed the relationship between plasma
levels of IgG and IgM and behavior.
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Methods
Sample Collection

All children (n=271) including children with autism (AU; n=116), children with the broader
definition of ASD (ASD; n=27), children who are developmentally delayed (DD) but do not
have autism (n=32), and typically developing (TD) control children (n=96) participated in the
Childhood Autism Risks From Genetics and the Environment (CHARGE) study [Hertz-
Picciotto et al., 2006]. Those children enrolled in the study met the following criteria: (a) they
were between the ages of 24 and 60 months at the time, (b) lived with at least one biologic
parent, (c) had a parent who spoke English or Spanish, (d) were born in California, and (e)
resided in the catchment areas of a specified list of regional centers in Northern California. The
CHARGE study is an ongoing population-based case–control study with subjects sampled
from three strata: children with AU or ASD, children with DD but not autism or ASD, and
children selected from the general population (i.e., TD). The demographics of the study
population are illustrated in Table I. The age distribution of all subjects is further illustrated in
Figure 1. This study protocol followed the ethical guidelines of the most recent Declaration of
Helsinki [Edinburgh, 2000], and was approved by the institutional review boards at the
University of California, Davis, and The State of California Department of Developmental
Services. Informed consent was obtained prior to participation.

Measures and Procedures
To confirm and further detail the initial diagnosis, all children were assessed at the University
of California, Davis, M.I.N.D. Institute. The diagnosis of autism was confirmed in all subjects
using the Autism Diagnostic Interview—Revised (ADI-R) [Lord et al., 1997] and the Autism
Diagnostic Observation Schedule (ADOS) module 1 or 2 [DiLavore, Lord, & Rutter, 1995;
Joseph, Tager-Flusberg, & Lord, 2002; Lord, Leventhal, & Cook, 2001; Owley et al., 2001].
The ADI-R provides a standardized, semi-structured interview and a diagnostic algorithm for
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [APA, 1994], and
International Classification of Diseases, Tenth Revision, definitions of autism [Steinhausen &
Erdin, 1992]. All CHARGE study clinical assessment personnel have attained research
reliability on the ADI-R and the ADOS and include bilingual and bicultural staff that
administered assessment measures in Spanish for Spanish-speaking families unable to
participate in English. Bilingual, bicultural assessors experienced in standardized assessments
in English were sensitive to translating the assessment items in culturally relevant terms.
Although the assessment measures used have not yet been translated and validated in Spanish,
these measures are used clinically in assessing non- English-speaking children, and the use of
bilingual and bicultural assessors eliminated the use of non-trained interpreters for
administration and facilitated the inclusion of a large segment of the sample population.
Children classified with ASD (ASD sample) did not meet the full criteria for autism on either
or both the ADI-R and ADOS instruments, but did meet the criteria on either the
communication or the social interaction domain of the ADI-R prior to 36 months, were within
2 points of the cut-off on the other domain, and were above the social+communication cut-off
for ASD on the ADOS module 1 or 2. The sample designation AU-ASD refers to the combined
AU and ASD subgroups. The Social Communication Questionnaire was used to screen for
behavioral and developmental characteristics of ASD among the DD and TD controls; children
who scored above the screening cut-off score of 15 were fully assessed using the ADI-R and
the ADOS. Those who met the criteria for autistic disorder were classified as AU; similarly
any general population children who met the criteria for DD based on the Vineland Scales of
Adaptive Behavior [Sparrow, Balla, & Cicchetti, 1984] and the Mullen Scales of Early
Learning [Mullen, 1995] were classified as DD (scores for cognitive and adaptive function
below 70). Controls who did not meet the criteria for ASD or for DD were classified as TD.
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Definitions of Onset
Using clinical characteristics reported in the Early Development Questionnaire [Ozonoff,
Williams, & Landa, 2005] and answers to questions regarding loss of language (Q11) and social
skills (Q25) from the ADI-R, the autism population was further divided into two groups based
on the clinical onset of autistic symptoms: firstly, children with regression who initially
developed but subsequently lost previously acquired language and/or social skills (n=56; 50
males, 6 females) and, secondly, children with early onset autism characterized by early deficits
in the requisite behavioral domains (n=60; 56 males, 4 females) [Hansen et al., 2008].

All instruments and forms were administered in either English or Spanish, depending on the
language in which the parent or child felt most comfortable.

Aberrant Behavior Checklist (ABC)
Children were administered the ABC behavioral assessment prior to blood draw. The ABC is
a series of 58 questions that are answered by parents as a means to assess the severity of
behavioral symptoms associated with autism with a total score range of 0–174. The 58
questions are further broken down into five subscales: subscale I (irritability) range 0–45,
subscale II (lethargy) range 0–48, subscale III (stereotypy) range 0–21, subscale IV
(hyperactivity) range 0–48, and subscale V (inappropriate speech) range 0–12.

Plasma Collection
Ten milliliters of blood from each child was collected in yellow top citrate tubes (BD
Biosciences, Franklin Lakes, NJ) according to the study protocol and centrifuged at 900g for
10 min to pellet cells. Plasma was collected and immediately frozen in 0.5mL aliquots at −80°
C until assayed for Ig levels.

ELISA
Levels of total IgG, IgM, IgA, and IgE were determined by enzyme-linked immunosorbent
assay (ELISA) using commercially available kits purchased from ALerCHEK Inc. (Portland,
ME). Kits were run according to the manufacturer’s instructions. Briefly, samples were diluted
1:100,000 (IgG), 1:10,000 (IgM and IgA), or 1:10 (IgE) and added to 96 well plates pre-coated
with capture antibody. After 1-hr incubation and subsequent washing, horseradish peroxidase-
conjugated detection antibodies were added and TMB (3,3′, 5,5′ tetramethyl benzidine)/
peroxide substrate used for development. Data are reported as median mg/mL (IgG, IgM, IgA)
or in international units (IU/mL) (IgE). Intra- and inter-assay variability was controlled for
using control standards on each plate. The coefficient of variance was less than 10% on any
given plate.

Statistical Analysis
All analyses were carried out using SAS version 9.1 (SAS Institute Inc., Cary, NC). The
Kruskal–Wallis test was used to compare median levels of total Ig levels with diagnostic
groups. The Spearman correlation coefficient (r) was calculated to assess the association
between Ig levels and behavior scores: 0.2< (r)>0.29 was considered as a weak correlation,
0.30<(r)>0.39 was considered as moderate, 0.40<(r)>0.69 was considered as strong, and 0.70<
(r)>1.00 was considered as very strong. P-values<0.05 were considered as statistically
significant.
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Results
Decreased Levels of IgG and IgM in Children With Autism

Plasma Ig levels were analyzed in this study as one measure of humoral immune function. A
pronounced difference in plasma Ig levels between children with autism and TD controls was
noted in the concentration of plasma IgG. Children with AU demonstrated a significantly lower
median level of total IgG (4.77 mg/mL, interquartile range (IQR) 3.27–6.77) compared with
both TD controls (7.76 mg/mL, IQR 5.52–10.20, P<0.0001) and children with DD (8.54 mg/
mL, IQR 4.85–10.14, P<0.0001) (Fig. 2). Correction for age, sex, and allergy season did not
alter significance. Allergy season was defined as “high” from February to June and “low” from
July to January. Therefore, blood samples collected during months of February through June
were ranked as high allergy season. An indicator variable for allergy season (high=1, low=0)
was then fitted into a linear regression model to adjust for seasonality.

The ASD group, in which children exhibit autism-like behaviors but do not fully meet the strict
criteria in our study for an AU diagnosis, had plasma IgG levels that while higher than those
of the AU group (6.47 mg/mL, IQR 4.12–8.04, P=0.01) remained significantly lower than the
TD control group. Moreover, children with AU had significantly lower levels of plasma IgM
(0.48 mg/mL, IQR 0.29–0.85) than TD controls (0.65 mg/mL, IQR 0.45–0.89, P=0.01).

The diminished IgM levels within the AU group were more pronounced in the regressive AU
phenotype (0.41 mg/mL, IQR 0.27–0.75) compared with the early onset AU phenotype (0.56
mg/mL, IQR 0.30–0.89). However, neither the ASD population (0.57 mg/mL, IQR 0.27–1.11)
nor those subjects with DD (0.62 mg/mL, IQR 0.43–0.97) demonstrate a significant difference
when compared to any of the control groups for plasma IgM.

Of interest, values for total IgA show no significant difference when comparing the subjects
with AU (0.33 mg/mL, IQR 0.22–0.48) or ASD (0.35 mg/mL, IQR 0.23–0.45) to either the
TD (0.34 mg/mL, IQR 0.21–0.48) or DD (0.42 mg/mL, IQR 0.23–0.60) subject groups.
Likewise, total median levels of IgE do not significantly differ among any of the diagnostic
groups. The IgE levels for subjects with AU and ASD are typically very low with a large range
of values within each subject group (AU: 0.40 IU, IQR 0.00–42.39; ASD: below detection IU,
IQR 0.00–33.84). IgE levels were also low in the DD group (4.00 IU, IQR 0.00–43.84), while
TD subjects had the highest plasma IgE median values (10.76 IU, IQR 0.00–30.04). However,
levels of IgE did not significantly differ among any of the diagnostic groups.

Ig Levels Negatively Correlate With ABC Scores
In addition to the evaluation of plasma Ig levels by subject diagnosis, we also examined the
possible association between IgG and IgM levels and the ADOS and ABC behavior scores.
When all subject groups were combined, IgG levels were significantly negatively correlated
with total ABC score (r=−0.334, P<0.0001) (Fig. 3A and B). Thus, the lower the plasma IgG
level, the higher the ABC score, indicating increased severity of behavioral symptoms that are
associated with autism. The same relationship was noted for IgM, although to a lesser degree
of significance (r=−0.167, P=0.03). When the AU/ASD subject population is analyzed without
the control subjects for IgG and IgM vs. ABC outcome, there remains a significant negative
correlation between total plasma IgG and ABC score (r=−0.242, P=0.0057) (Fig. 3C), whereas
the correlation between IgM and ABC scores is lost (r=−0.051, P=0.5393) (Fig. 3D). The ABC
scores can be further stratified into five different subscales that measure individual behavior
categories. Table II summarizes the correlations between Ig levels and the individual ABC
subscale scores in the ASD group. While all but subscale V (inappropriate speech) were
significant or approaching significance (P range 0.063–0.011), subscale II (lethargy) was the
most highly correlated with a low plasma IgG level (r=−0.236, P=0.0071). Low IgA levels did

Heuer et al. Page 5

Autism Res. Author manuscript; available in PMC 2009 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



show a highly significant correlation with subscale III (stereotypy); however, there was no
correlation between IgA levels and total ABC score. Imunoglobulin levels were also compared
to both ADOS and ADI-R scores. However, neither the ADOS nor the ADI-R scores showed
a statistical correlation with either IgG or IgM levels in children with autism.

Discussion
Our current data suggest that children with autism demonstrate decreased levels of IgG and
IgM. Despite the strict diagnostic criteria we used to classify individuals with autism, there
remains phenotypic heterogeneity of behavioral outcome in the study population. This
phenotypic heterogeneity, as represented by variations in ABC scores, is negatively correlated
with IgG and IgM levels strengthening the association between immune dysfunction and at
least a subset of behaviors associated with autism.

Previous studies have reported changes in several aspects of the immune system in children
with autism including alterations in immune cell numbers, immune cell phenotype, the
presence of autoantibodies, altered cytokine profiles, immune pathology in the gut, altered
levels of complement proteins, and altered levels of Ig as reviewed by Ashwood et al.
[2006]. Of these immune abnormalities, altered levels of Ig are one of the most commonly
reported. However, these reports are extremely varied and the results appear to be contradictory
in several cases. For example, IgG has been reported to be both increased [Croonenberghs et
al., 2002; Trajkovski, Ajdinski, & Spiroski, 2004] and decreased [Ashwood et al., 2003; Gupta,
Rimland, & Shilling, 1996] in children with autism compared to controls. IgM has also been
reported to be both increased [Gupta, Rimland et al., 1996; Trajkovski et al., 2004] and
decreased [Ashwood et al., 2003], while IgA has been reported to be either decreased [Ashwood
et al., 2003; Gupta, Aggarwal, & Heads, 1996; Warren et al., 1997] or unchanged [Stern et al.,
2005; Trajkovski et al., 2004]. However, IgE has only been reported to be elevated in children
with autism [Ashwood et al., 2003; Gupta, Aggarwal et al., 1996].

While these reports would appear to be contradictory, differences in data might be due to lack
of consistency in the subject populations and controls that were used. In previous studies, small
sample sizes (range 18–40 autism subjects) and variations in the types of controls (siblings vs.
age-matched general population) could affect these results. For example, in two of the studies
[Ashwood et al., 2003; Stern et al., 2005], the comparison of Ig levels in subjects with autism
was made against a population standard rather than a matched case–control study as described
herein. Geographic location of the subjects and controls would also influence the levels of IgE
in plasma, as would the season during which the sample was obtained due to individual
response to regional and seasonal allergens. In addition, as a highly heterogeneous disorder,
the behavioral phenotype of the subjects studied may also affect the outcome. However, we
believe that one of the most critical factors to consider with respect to Ig concentration is age.
Ig levels do not reach adult levels until 1 year of age for IgM, age 6–8 years for IgG, and age
10 years for IgA [Aksu et al., 2006]. In previously reported studies regarding differences in Ig
levels, the ages of the study populations varied widely, with a range of 3–12 [Gupta, Aggarwal
et al., 1996] in one study and up to 5–31 [Warren et al., 1997] in another. Comparing Ig levels
within a broad age range, especially during the ages spanning immune development, may
introduce artifacts. In the current study, we examined IgG, IgM, IgA, and IgE levels in the
plasma from subjects during a very narrow age window (2–5 years of age) corresponding to
the earliest time an official diagnosis could be obtained. This allowed us to better compare our
index and control subjects. Differences in immunodetection technique would also have the
potential to introduce variability between studies. However, all previous studies [except for
IgA detection by Warren et al., 1997] used nephelometry to detect Ig levels, minimizing the
likelihood that technique is entirely responsible for the previous conflicting results. In the
current study, we employed the use of ELISA technology for plasma Ig assessment, a technique
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that appears to yield similar results when compared to nephelometry for total Ig determination
[Ginel, Margarito, Lucena, & Molleda, 1997; Raux et al., 1999].

While the Ig levels reported in the current study as well as those reported in the Ashwood et
al. [2003] and Stern et al. [2005] studies are not considered clinically low, they do indicate
suboptimal humoral function in children with autism. B cells are responsible for the production
of Ig; however, the amount and type of antibody secreted is dependent upon the interaction of
multiple aspects of the immune system. Physical interaction between antigen presenting cells,
T cells, and B cells as well as the effects of soluble factors such as cytokines and chemokines
all play a role in this process [Janeway, Travers, Walport, & Shlomchik, 2005]. The alterations
of Ig levels observed in the current study are indicative of an underlying dysfunction in the
immune system. While this may affect the way children manage a pathogenic insult, it is not
our contention that host/pathogen or host/vaccine interactions are a causative factor in the
etiology of autism.

The immune system and the nervous system are highly interconnected. Beginning early in
development, the relationship between the immune and nervous systems is exceedingly
complex and continues throughout life [Haddad, Saade, & Safieh-Garabedian, 2002; Steinman,
2004; Wrona, 2006]. Immune system factors, such as major histocompatibility complex I,
cytokines, and chemokines are important during many stages of neuro-development and central
nervous system plasticity, functioning, and maintenance. Likewise, several proteins associated
with the nervous system, such as neuropeptides, have a broad range of effects on the
development of the immune system and its function (suppression as well as activation),
including the innervation of immune system-associated organs, such as the lymph nodes and
spleen [Biber et al., 2002; Huh et al., 2000; Marques-Deak et al., 2005; Mehler & Kessler,
1998; Mignini et al., 2003; Rothwell et al., 1996]. A carefully established equilibrium and
timing of the previously mentioned parameters is vital for normal immune and central nervous
system functioning. Changes in either system during this critical stage have the potential to
cause lifelong alterations, such as changes in receptor distribution and/or number, as well as
modifications in neuropeptide, cytokine, hormone, or neurotransmitter release. Finally, several
genes associated with autism are relevant to both the nervous system and the immune system.
These include PTEN (a negative regulator of the PI3K/AKT pathway) [Boccone et al., 2006;
Butler et al., 2005; Goffin, Hoefsloot, Bosgoed, Swillen, & Fryns, 2001; Kwon et al., 2006],
MET (a receptor tyrosine kinase) [Campbell et al., 2006, 2007], and Ca(V)1.2 (an L-type
calcium channel) [Splawski et al., 2004]. Alterations in these genes can affect function in both
systems.

Of interest, the current data indicate that children with autism have a dysregulated immune
system during a critical period in development. The strongest evidence to support an association
between immune function and autism behavior is the correlation between low IgG levels and
elevated ABC scores. Of particular interest is the fact that IgG levels in children with the
broader ASD phenotype are significantly higher than those in children with full-blown autism,
but remain statistically lower than those in control children. In the current study, the ASD group
represents children who have autism-like behaviors but did not meet the full study criteria set
for the autism population. Therefore, these data suggest that the status of the humoral immune
system may be reflective of behavioral outcome. Moreover, the separation of total ABC score
into its individual subscales stimulates further interest in the association between immune status
and behavior. In particular, subscale II (lethargy) was significantly correlated with low IgG
levels. While it is too early to make concrete conclusions regarding the relationship between
the ABC scores and humoral immune function, one could speculate that diminished IgG levels
may result in impaired health and contribute to symptoms of lethargy. Additional studies are
needed to explore this potential link further.
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One could speculate that there are several possible scenarios involving the immune system and
altered neurodevelopment. First, it is possible that the immune dysfunction noted in a
substantial portion of children with autism is completely independent from the neuro-
developmental changes noted in these children. Second, it also possible that in the context of
a multi-system disorder, these data may be reflective of a defect common to both the neural
and immune systems, and that a reduction in Ig levels is not directly affecting behavioral
outcome. Therefore, by definition, reduced Ig levels may be considered an epiphenomenon in
either of these scenarios. However, elucidation of the underlying mechanism for the observed
phenomenon may discern the causative factor responsible for dysfunction in the neural system.
Finally, evidence of immune dysfunction at an early age may be indicative of altered immune
development that could have lasting effects on the function of the nervous system. Recently,
it has also been shown that, throughout life, both cognition and neuronal plasticity are
dependent to an extent on direct immune –neural interaction [Brynskikh, Warren, Zhu, &
Kipnis, 2008; Ziv et al., 2006]. Therefore, due to the intimate connection between the neural
and immune systems, elucidation of the pathways responsible for immune dysfunction may
bring to light some of the physiological mechanisms responsible for the behavioral changes
associated with autism. At this stage, we are clearly unable to discern the etiologic and
pathologic factors behind the observed immune dysfunction in children with autism. However,
future studies in understanding how the immune system might be implicated in abnormal
neurodevelopment, and in the emergence of autism, will be of great interest.
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Figure 1.
Distribution of age within behavioral diagnosis. There was no significant difference in age
between groups.
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Figure 2.
Median plasma immunoglobulin levels as determined by ELISA. Plasma from children
diagnosed with AU, ASD, DD, or TD controls was assayed for levels of total immunoglobulin
by ELISA. Children with AU displayed a significantly reduced level of total IgG when
compared to both TD controls and children with developmental delay (A). Total IgM levels
were also significantly reduced in children with AU compared to TD controls (B). In contrast,
both total IgA (C) and IgE (D) levels showed no difference between any of the groups. Analysis
performed using Kruskal–Wallis test, *P=0.01, **P<0.001. Correction for age and allergy
season did not alter significance. ELISA, enzyme-linked immunosorbent assay; ASD, autism
spectrum disorder; DD, developmental delay; TD, typically developing; Ig, immunoglobulin.
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Figure 3.
Immunoglobulin levels correlate with behavioral symptoms. Total IgG and IgM levels were
plotted against total ABC scores. Total IgG (A) and IgM (B) levels show a negative correlation
to total ABC scores when all groups are included. Figures (C) and (D) show IgG and IgM
plotted against total ABC scores for affected children with AU/ASD only. Analysis was
performed using Spearman correlation. Ig, immunoglobulin; ABC, Aberrant Behavior
Checklist; ASD, autism spectrum disorder.
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