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A METHOD OF PROVIDING EARLY INTERVENTION TO A NEWBORN OR
INFANT WITH AUTISM SPECTRUM DISORDER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Application No. 63/468,057, filed May
22, 2023, the contents of which are hereby incorporated by reference.
STATEMENT OF GOVERNMENT SUPPORT
[0002] This invention was made with government support under NS047537 and NS086122
awarded by the National Institutes of Health. The government has certain rights in the invention.
BACKGROUND
[0003] Approximately 1 in 44 children in the United States have an autism spectrum disorder
(ASD) (1). Interventions using applied behavior analysis (ABA) have been proven to be most
effective when implemented early (2, 3). However, the mean age for diagnosis is age 4-5 years
(4), and the median age varies from 36 to 63 months (1). A recent study has shown that earlier
intensive, individualized intervention led to greater improvement in ASD outcomes and further
suggested a window of 18 months versus 27 months for the intervention can impact the outcomes.
This study shows the need for early identification of children with ASD (124). Accordingly,
identification of biomarkers for early diagnosis is a high priority. The pathogenesis of ASD may
include genetic, environmental, and epigenetic factors (5).
[0004] It is hypothesized that clues to pathogenesis and biomarkers for diagnosis can be revealed
through metabolomic analysis of samples from maternal mid-gestation (MMG) and children’s cord
blood (CB). The few studies of prenatal metabolomic profiling in ASD are inconsistent. One study
of MMG sera reported dysregulations in lipid metabolism, pyrimidine metabolism, N-glycan
pathway, and C21-steroid hormone biosynthesis (6). Another using maternal sera obtained during
the 3rd trimester reported alterations in levels of fatty acid metabolites in the prostaglandin
pathway (7). In a third, maternal dyslipidemia and increased levels of serum branched-chain amino
acids (BCAA) were associated with an increased risk in boys (8). Metabolomic studies of neonatal
samples are typically conducted using blood spots rather than umbilical CB (9, 10). There are no
investigations that report metabolomic profiling of both MMG and CB plasma from the same

subjects.
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[0005] Thus, there is a need for markers to make an early diagnosis of ASD in order to provide

intervention as carly as possible, as carly as birth.

SUMMARY

[0006] Described herein are results of metabolomic profiling in MMG and CB plasma drawn from
the population-based Norwegian Autism Birth Cohort (ABC) (11). The findings described herein
indicate that dysregulated MMG and CB metabolomic profiles are associated with ASD. These
dysregulated profiles provide additional evidence for earlier work linking risk to inflammation
during gestation as well as new findings consistent with disrupted membrane integrity, impaired
neurotransmission, and neurotoxicity. Moreover, the imbalance of ether/non-ether phospholipids
in the MMG of ASD girls may provide insight into the higher frequency of cognitive impairment
in girls than in boys with ASD.

[0007] Disclosed herein are biomarkers that can be found in MMG and CB plasma, for early
identification of children at risk for ASD. Using these biomarkers, intervention such as those
utilizing ABA, which have been shown to be effective early in life, can be provided to a child as
young as a newborn.

[0008] One embodiment of the current disclosure is a method for providing early intervention to
newborn with autism spectrum disorder (ASD) or at risk for developing ASD comprising the steps
of:

identifying that the newborn has ASD or is at risk of developing ASD by:

performing or having performed an ASD association assay on a sample, to identify if the newborn
has ASD or is at risk of developing ASD;

identifying the newborn as having ASD or being at risk for developing ASD when there is a
dysregulation of the newborn’s metabolomic profile consistent with inflammation; and

providing early ASD intervention to the newborn.

[0009] In some embodiments, the newborn is a female. In some embodiments, the newborn is a
male.

[0010] In some embodiments, the sample is blood from the mother at mid-gestation. In some

embodiments, the sample is cord blood of the newborn.
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[0011] In some embodiments, the metabolomic profile is compared to a control metabolomic
profile. In some cmbodiments, the control is a newborn, infant or child not suffering from ASD.
[0012] In some embodiments where the newborn is a male and the sample is blood from the mother
at mid-gestation, a decreased or lower level of the compound 17-hydroxy-4,7,10,13,15,19-
docosahexaenoic acid or chemical cluster hydroxy eicosapentaenoic acid (HEPE) identifies the
newborn as having a dysregulated metabolomic profile consistent with inflammation and as having
ASD or at risk for developing ASD.

[0013] In some embodiments where the newborn is a (emale and the sample is blood {rom the
mother at mid-gestation, an increased or higher ratio of arachidonic acid (AA)/eicosapentaenoic
acid (EPA) identifies the newborn as having a dysregulated metabolomic profile consistent with
inflammation and as having ASD or at risk for developing ASD.

[0014] In some embodiments where the sample is cord blood, an increased or higher level of the
compound AA or ratio of AA/ Docosahexaenoic acid (DHA) identifies the newborn as having a
dysregulated metabolomic profile consistent with inflammation and as having ASD or at risk for
developing ASD, whether the newborn is male or female.

[0015] In some embodiments where the newborn is a male and the sample is cord blood, a
decreased or lower level of chemical cluster epoxyeicosatrienoic acid (EpETrE) identifies the
newborn as having a dysregulated metabolomic profile consistent with inflammation and as having
ASD or at risk for developing ASD.

[0016] A further embodiment of the current disclosure is a method for providing early intervention
to newborn with autism spectrum disorder (ASD) comprising the steps of:

identifying that the newborn has ASD or is at risk of developing ASD by:

performing or having performed an ASD association assay on a sample to identify if the newborn
has ASD or is at risk of developing ASD; and

identifying the newborn as having ASD or being at risk for developing ASD when there is a
dysregulation of the newborn’s metabolomic profile consistent with disrupted membrane integrity;
and

providing early ASD intervention to the newborn.

[0017] In some embodiments, the newborn is a female. In some embodiments, the newborn is a

male.
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[0018] In some embodiments, the sample is blood from the mother at mid-gestation. In some
cmbodiments, the sample is cord blood of the newborn.

[0019] In some embodiments, the metabolomic profile is compared to a control metabolomic
profile. In some embodiments, the control is a newborn, infant, or child not suffering from ASD.
[0020] In some embodiments where the sample is blood from the mother at mid-gestation, a
decreased or lower level of chemical cluster phosphatidylcholines (PC), identifies the newborn as
having a dysregulated metabolomic profile consistent with disrupted membrane integrity and as
having ASD or at risk for developing ASD, whether the newborn is male or female.

[0021] In some embodiments where the newborn is a female and the sample is blood from the
mother at mid-gestation, a decreased or lower level of compounds PC or
phosphatidylethanolamines (PE) or chemical cluster PE, or an increased or higher level of
chemical clusters PC-ether or PC ether-vic identifies the newborn as having a dysregulated
metabolomic profile consistent with disrupted membrane integrity and as having ASD or at risk
for developing ASD.

[0022] In some embodiments where the sample is cord blood, an increased or higher level of
chemical cluster ceramide identifies the newborn as having a dysregulated metabolomic profile
consistent with disrupted membrane integrity and as having ASD or at risk for developing ASD,
whether the newborn is male or female.

[0023] In some embodiments where the newborn is a male and the sample is cord blood, a
decreased or lower level of chemical cluster PC, or an increased or higher level of chemical clusters
carnitine, long chain ceramides or unsaturated ceramides identifies the newborn as having a
dysregulated metabolomic profile consistent with disrupted membrane integrity and as having
ASD or at risk for developing ASD.

[0024] In some embodiments where the newborn is a female and the sample is cord blood, an
increased or higher level of chemical cluster sphingomyelin, identifies the newborn as having a
dysregulated metabolomic profile consistent with disrupted membrane integrity and as having
ASD or at risk for developing ASD.

[0025] Yet a further embodiment of the current disclosure is a method for providing early
intervention to newborn with autism spectrum disorder (ASD) comprising the steps of:

identifying that the newborn has ASD or is at risk of developing ASD by:
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performing or having performed an ASD association assay on a sample to identify if the newborn
has ASD or is at risk of developing ASD;

identifying the newborn as having ASD or being at risk for developing ASD when there is a
dysregulation of the newborn’s metabolomic profile consistent with impaired neurotransmission
and neurotoxicity; and

providing early ASD intervention to the newborn.

[0026] In some embodiments, the newborn is a female. In some embodiments, the newborn is a
male.

[0027] In some embodiments, the sample is blood from the mother at mid-gestation. In some
embodiments, the sample is cord blood of the newborn.

[0028] In some embodiments, the metabolomic profile is compared to a control metabolomic
profile. In some embodiments, the control is a newborn, infant or child not suffering from ASD.
[0029] In some embodiments where the sample is blood from the mother at mid-gestation, an
increased or higher ratio of Glu/Gln, identifies the newborn as having a dysregulated metabolomic
profile consistent with impaired neurotransmission and neurotoxicity and as having ASD or at risk
for developing ASD, whether the newborn is male or female.

[0030] In some embodiments where the newborn is a female and the sample is blood from the
mother at mid-gestation, an increased or higher level of compound Glu, identifies the newborn as
having a dysregulated metabolomic profile consistent with impaired neurotransmission and
neurotoxicity and as having ASD or at risk for developing ASD.

[0031] In some embodiments where the newborn is a male and the sample is blood from the mother
at mid-gestation, a decreased or lower level of compound Gln, identifies the newborn as having a
dysregulated metabolomic profile consistent with impaired neurotransmission and neurotoxicity
and as having ASD or at risk for developing ASD.

[0032] In some embodiments where the newborn is a male and the sample is cord blood, a
decreased or lower level of Gln, or an increased or higher ratio of Glu/Gln, or chemical clusters
long chain ceramides or unsaturated ceramides, identifies the newborn as having a dysregulated
metabolomic profile consistent with impaired neurotransmission and neurotoxicity and as having

ASD or at risk for developing ASD.
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[0033] Yet a further embodiment of the current disclosure is a method for providing early
intervention to newborn with autism spectrum disorder (ASD) comprising the steps of:
identifying that the newborn has ASD or is at risk of developing ASD by:

performing or having performed an ASD association assay on a sample to identify if the newborn
has ASD or is at risk of developing ASD;

identifying the newborn as having ASD or being at risk for developing ASD when there is a
dysregulation of the newborn’s metabolomic profile; and

providing early ASD intervention to the newborn.

[0034] In some embodiments, the newborn is a female. In some embodiments, the newborn is a
male.

[0035] In some embodiments, the sample is blood from the mother at mid-gestation. In some
embodiments, the sample is cord blood of the newborn.

[0036] In some embodiments, the metabolomic profile is compared to a control metabolomic
profile. In some embodiments, the control is a newborn, infant or child not suffering from ASD.
[0037] In some embodiments where the newborn is a female and the sample is blood from the
mother at mid-gestation, an increased or higher level of compounds pyroglutamic acid, propionic
acid, N-methylalanine, pseudouridine, PC (p-40:3)/PC (0-40:4), or HexCer-NS, or chemical
clusters galactosylceramides or alanine and derivatives, identifies the newborn as having a
dysregulated metabolomic profile and as having ASD or at risk for developing ASD.

In some embodiments where the newborn is a female and the sample is blood from the mother at
mid-gestation, a decreased or lower level of compounds 2,6-dihydroxybenzoic acid, or chemical
clusters polyunsaturated fatty acid-containing phosphatidylcholine (PC-PUFA) or
hydroxybenzoates, identifies the newborn as having a dysregulated metabolomic profile and as
having ASD or at risk for developing ASD.

[0038] In some embodiments where the newborn is a male and the sample is blood from the mother
at mid-gestation, an increased or higher level of compounds homo-gamma-linolenic acid or
oxidized phosphatidylcholine (OxPC), or chemical clusters adipates or unsaturated fatty acids,
identifies the newborn as having a dysregulated metabolomic profile consistent and as having ASD

or at risk for developing ASD.
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[0039] In some embodiments where the newborn is a male and the sample is blood from the mother
at mid-gestation, a decrcascd or lower level of chemical clusters hydroxy fatty acid 22 6 1 (OH-
FA 22 6 1) or basic amino acids, identifies the newborn as having a dysregulated metabolomic
profile consistent and as having ASD or at risk for developing ASD.

[0040] In some embodiments where the newborn is a female and the sample is cord blood, an
increased or higher level of compounds orotic acid, 2'-O-methylguanosine or eicosatrienoic acid,
or chemical cluster purine nucleosides, identifies the newborn as having a dysregulated
metabolomic profile and as having ASD or at risk for developing ASD.

[0041] In some embodiments where the newborn is a female and the sample is cord blood, a
decreased or lower level of chemical clusters triacylglycerols or the majority of unsaturated
triglycerides, identifies the newborn as having a dysregulated metabolomic profile and as having
ASD or at risk for developing ASD.

[0042] In some embodiments where the newborn is a male and the sample is cord blood, an
increased or higher level of compounds erythritol, alanine, glucose-6-phosphate, pseudouridine,
methionine, succinic acid, 2'-deoxyadenosine-5'-monophosphate, or glycerophosphocholine, or
chemical clusters aspartic acids, pyrimidinones, laurates, alanine and derivatives, malates, or sugar
alcohols, identifies the newborn as having a dysregulated metabolomic profile consistent and as
having ASD or at risk for developing ASD.

[0043] In some embodiments where the newborn is a male and the sample is cord blood, a
decreased or lower level of compounds 1,4-cyclohexanedione or leukotriene B4, or chemical
clusters of nitro compounds, dihydroxyeicosatrienoic acid (DiHETrE), epoxyoctadecadienoic acid
(EpODE), PCs, or the majority of hexoses, identifies the newborn as having a dysregulated
metabolomic profile consistent and as having ASD or at risk for developing ASD.

[0044] In a further embodiment of the current disclosure is a method for providing early
intervention to newborn with autism spectrum disorder (ASD) comprising the steps of:
identifying that the newborn has ASD or is at risk of developing ASD by:

performing or having performed an ASD association assay on a sample to identify if the newborn

has ASD or is at risk of developing ASD;
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identifying the newborn as having ASD or being at risk for developing ASD when there is a
dysrcgulation of thc newborn’s metabolomic profile, whercin the mctabolomic profile is
determined using one or more of the metabolites listed in Table 7; and

providing early ASD intervention to the newborn.

[0045] In some embodiments, the newborn is a female. In some embodiments, the newborn is a
male.

[0046] In some embodiments, the sample is blood from the mother at mid-gestation. In some
embodiments, the sample is cord blood of the newborn.

[0047] In some embodiments, the metabolomic profile is compared to a control metabolomic
profile. In some embodiments, the control is a newborn, infant or child not suffering from ASD.
[0048] In a further embodiment of the current disclosure is a method for providing early
intervention to a male newborn with autism spectrum disorder (ASD) comprising the steps of:
identifying that the newborn has ASD or is at risk of developing ASD by:

performing or having performed an ASD association assay on a sample to identify if the newborn
has ASD or is at risk of developing ASD, wherein the sample is cord blood;

identifying the newborn as having ASD or being at risk for developing ASD when there is high
number of dysregulated chemical clusters;

providing early ASD intervention to the newborn.

[0049] Lastly a further embodiment of the current disclosure is a method for providing early
intervention to a female newborn with autism spectrum disorder (ASD) with increased impaired
cognitive development comprising the steps of:

identifying that the newborn has ASD or is at risk of developing ASD with increased impaired
cognitive development by:

performing or having performed an ASD association assay on a sample to identify if the newborn
has ASD or is at risk of developing ASD with increased impaired cognitive development, wherein
the sample is blood from the mother at mid-gestation;

identifying the newborn as having ASD or being at risk for developing ASD with increased
impaired cognitive development when there is an imbalance of ether/non-ether phospholipids; and

providing early ASD intervention to the newborn.
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[0050] As used herein, a control, e.g. a control level or amount or metabolomic profile, is a value
or valucs decided or obtained, usually beforchand, from a sample(s) from a non-afflicted subject(s)
as a reference. The concept of a control is well-established in the field, and can be determined, in
a non-limiting example, empirically from non-afflicted subjects (versus afflicted subjects,
including afflicted subjects having different grades of the relevant affliction), and may be
normalized as desired (in non-limiting examples, for volume, mass, age, location, gender) to
negate the effect of one or more variables. In embodiments, the control level or amount or
metabolomic profile are determined from samples {rom subjects without ASD.

[0051] In all of the foregoing embodiments, an ASD association assay can be performed by any
methods known in the art to quantify compounds and/or metabolites from a sample, including a
biological sample, including blood.

[0052] In all of the foregoing embodiments, the intervention can continue as the newborn ages to

an infant and then to a child.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the Oftice
upon request and payment of the necessary fee.

[0054] For the purpose of illustrating the invention, there are depicted in drawings certain
embodiments of the invention. However, the invention is not limited to the precise arrangements
and instrumentalities of the embodiments depicted in the drawings.

[0055] FIGS. 1A-1D. Chemical enrichment analyses reveal sex-specific altered chemical clusters
in autism spectrum disorders (ASD). A bar restricted to the left of the centered vertical line
indicates a metabolic cluster that is lower in ASD. A bar restricted to the right of the centered
vertical line indicates a metabolic cluster that is higher in ASD. A bar that crosses the vertical line
indicates a metabolic cluster that is dysregulated in mixed directions. Fig. | A shows MMG female.
Fig. 1B shows MMG male. Fig. 1C shows CB female. Fig. 1D shows CB male.

[0056] FIGS. 2A-2D. Autism spectrum disorders (ASD) predictive modeling. Fig. 2A shows ROC
curves for MMG girls. Fig. 2B shows ROC curves for MMG boys. Fig. 2C shows ROC curves for
CB girls. Fig. 2D shows ROC curves for CB boys. In each of the sex- and sample type-stratified
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datasets, four machine learning algorithms were used: Lasso; Adal.asso; RF, and XGBoost.
Featurc sclection of mctabolites as predictors was conducted using Bayesian analysis and MX
knockoffs. For each of the machine learning algorithms, four sets of predictors were considered:
Set 1, all metabolites; Set 2, metabolites with BF > 3; Sef 3, metabolites that were selected by MX
knockoffs in more than one iteration; Set 4, metabolites that were selected by MX knockoffs in at
least one iteration and had BF > 1. The predictive performance was evaluated in 500 iterations of
random resampling CV with 80/20 training/testing split.

[0057] FIGS. 3A-3C. Compounds, chemical clusters, and metabolite ratios implicated in
inflammation (Fig. 3A), membrane integrity (Fig. 3B), and neurotransmission and neurotoxicity
(Fig. 3C). Blue arrows indicate elevated, and pink arrows indicate decreased levels of compounds,
chemical clusters, and metabolite ratios.

[0058] FIG. 4. Pipeline for sample selection. MoBa, the Norwegian Mother, Father, and Child
Cohort study, ABC the Norwegian Autism Birth Cohort study.

[0059] FIGS. 5A-5B Batch effect correction. Fig. SA shows PCA scatter plots before correction
for batch effect. Fig. 5B shows PCA scatter plots after correction for batch effect. Using scatter
plots of the principal components, we detected a batch effect in the complex lipids data from MMG
plasma samples that was linked to equipment failure resulting in a one-month delay in completing
the lipidomic analyses. Comparisons of variance between batches suggested that mere shifting the
means or medians was not sufficient; thus, we implemented a Bayesian framework to correct for

the batch effect.

DETAILED DESCRIPTION

[3868] Autism spectrum disorder (A8 is a newrological and developmental disorder that affects
how peoplic interact with others, communicate, learn, and behave. Although autism can be
diagnosed at any age, it s deseribed a5 g “developmental disorder” because symptoms generally
appear in the first 2 years of life.

{8061} According to the Diagnosiic and Statistical Manual of Menial Disorders (DSM-3), a guide
created by the American Psychiatric Association that health care providers use to diagnose mental

disorders, people with ASD often have difficuliy with communication and interaction with other
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people, restricted interests and repetitive behaviors, and symiptoms that affect their ability to
function in school, work, and othor arcas of life,

{80621 Autism s known as a “spectrumt” disorder because there is wide variation in the type and
severity of symptorns people experionce.

{3063} While much s not kvown about ASD, what s known is that the carlier inlervention is
provided to a child with ASD, the better the outcomes. Disclosed herein are metheods of identifying
newborns with ASD or at visk for developing ASTY such that wnterventions can be started as early
as at birth.

{6064] Farly ASD interventions as contemplated herein are known in the ant and wclade chinician-
waplemiented, and caregiver/patent-implemented. Early ASD interventions can lead to
mmprovermenis in developmental, adaptive behavior measures, and/or social skills, and inclade, tor
example, individual or group Early Social Interaction (ES1) medel. In embodiments, by early
identification, the methods pernut application of carly ASD interventions prior to 30 months of
age, prior o 20 months of age, or prior to 10 months of age. Early infervention can focus or
encompass one or more of? physical skills, thinking skills, communication skills, social skiils, and
emotional skills. Early intervention can also eruploy speech therapy, and/or hearing impainment
therapy /treatment, and/or physical therapy.

[B065] In embodiment, the newborn is male, In embodiment, the newborn is fomale,

Definitions

[0066] The terms used in this specification generally have their ordinary meanings in the art,
within the context of this invention and the specific context where each term is used. Certain terms
are discussed below, or elsewhere in the specification, to provide additional guidance to the
practitioner in describing the methods of the invention and how to use them. Moreover, it will be
appreciated that the same thing can be said in more than one way. Consequently, alternative
language and synonyms may be used for any one or more of the terms discussed herein, nor is any
special significance to be placed upon whether or not a term is elaborated or discussed herein.
Synonyms for certain terms are provided. A recital of one or more synonyms does not exclude the
use of the other synonyms. The use of examples anywhere in the specification, including examples

of any terms discussed herein, is illustrative only, and in no way limits the scope and meaning of

11



WO 2024/243201 PCT/US2024/030358

the invention or any exemplified term. Likewise, the invention is not limited to its preferred
cmbodiments.

[0067] As used herein, the term “sample” means any substance containing or presumed to contain
compounds and/or chemicals and/or metabolites. The sample can be a sample of tissue or fluid
isolated from a subject including but not limited to, plasma, serum, whole blood, spinal fluid,
semen, amniotic fluid, lymph fluid, synovial fluid, urine, tears, blood cells, organs, and tissue. One
sample is blood.

[0068] The terms “healthy control” as used herein is a human subject who is not suffering {rom
autism spectrum disorder or at risk for autism spectrum disorder. In addition, a healthy control can
be aged matched to the subject being tested, and not suffering from other diseases or conditions.
[0069] The term “newborn” as used herein refers to a baby from birth to about two months of age.

[0070] The term “infant” as used herein means a baby from about one month to about one year in

age.
Abbreviations

ASD Autism Spectrum Disorder

ID Intellectual Deficiency

ABC Norwegian Autism Birth Cohort

MoBa Norwegian Mother, Father, and Child Cohort
NPR Norwegian Patient Register

MMG maternal mid-gestation

CB children’s cord blood

ABA applied behavior analysis

Adal asso adaptive Lasso

AUC area under the curve value

BF Bayesian factor

Ccv cross-validation

Lasso least absolute shrinkage and selection operator
MX Model X

PCA principal component analysis

12
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RF
SD

DiHETTE
EpETrE
EpODE
HEPE
OH-FA 22 6 1
PC-ether
PC-ether-PUFA
PC-ether-vlc
PC-PUFA
DHA

Glu

Gln

EPA

AA

EPA

PC

PE

CL

PM

BA

OL

ETrE

SM

LPC

Random Forests

standard dcviation

dihydroxyeicosatrienoic acid
epoxyeicosatrienoic acid
epoxyoctadecadienoic acid
hydroxy eicosapentaenoic acid
hydroxy fatty acid 22 6 1
ether-linked phosphatidylcholine

polyunsaturated fatty acid-containing ether-linked phosphatidylcholine
very long-chain ether-linked phosphatidylcholine
polyunsaturated fatty acid-containing phosphatidylcholine

Docosahexaenoic acid
glutamate

glutamine
Eicosapentaenoic acid
arachidonic acid
eicosapentaenoic acid
phosphatidylcholine
phosphatidylethanolamine
complex lipid
primary metabolites
biogenic amines
oxylipins
eicosatrienoic acid
sphingomyelins

saturated lysophosphatidylcholines
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[0081] Table 8. AUC values of predictive models
[0082] In each of the sex- and sample type-stratified datasets, we employed four machine learning

algorithms: Lasso, Adalasso, RF, and XGBoost. Feature sclection of metabolites as predictors
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was conducted using Bayesian analysis and MX knockoffs. For each of the machine learning
algorithms, wc considcred four scts of predictors: Ser 1, all metabolites; Set 2, mctabolites with
BF > 3; Set 3, metabolites that were selected by MX knockoffs in more than one iteration; Sef 4,
metabolites that were selected by MX knockoffs in at least one iteration and had BF > 1. The
predictive performance was evaluated in 500 iterations of random resampling CV with 80/20
training/testing split. AdaLasso adaptive Lasso, AUC area under the curve value, CB cord blood,
CI confidence interval, CV cross-validation, Lasso least absolute shrinkage and selection operator,

MMG maternal mid-gestation, RF Random Forests.
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Markers of Autism Spectrum Disorder (ASD)

[0083] Dcscribed herein arc results of metabolomic profiling in MMG and CB plasma drawn from
the population-based Norwegian Autism Birth Cohort (ABC) (11). The findings described herein
indicate that dysregulated MMG and CB metabolomic profiles are associated with ASD. These
dysregulated profiles provide additional evidence for earlier work linking risk to inflammation
during gestation as well as new findings consistent with disrupted membrane integrity, impaired
neurotransmission, and neurotoxicity. Moreover, the imbalance of ether/non-ether phospholipids
in the MMG of ASD girls may provide insight into the higher frequency of cognitive impairment
in girls than in boys with ASD.
[0084] The discovery of prenatal and neonatal molecular biomarkers has the potential to yield
insights into autism spectrum disorder (ASD) and facilitate early diagnosis. Metabolomic profiles
in ASD were analyzed using plasma samples collected in the Norwegian Autism Birth Cohort
from mothers at weeks 17-21 gestation (maternal mid-gestation, MMG, n=408) and from children
on the day of birth (cord blood, CB, n=418). Associations were analyzed using sex-stratified
adjusted logistic regression models with Bayesian analyses. Chemical enrichment analyses
(ChemRICH) were performed to determine altered chemical clusters. Machine learning algorithms
were also used to assess the utility of metabolomics as ASD biomarkers.
[0085] ASD was associated with a variety of chemical compounds including arachidonic acid,
glutamate, and glutamine, and metabolite clusters including hydroxy eicospentaenoic acids,
phosphatidylcholines, and ceramides in MMG and CB plasma that are consistent with
inflammation, disruption of membrane integrity, and impaired neurotransmission and
neurotoxicity. Girls with ASD have disruption of ether/non-ether phospholipid balance in the
MMG plasma that is similar to that found in other neurodevelopmental disorders. ASD boys in the
CB analyses had the highest number of dysregulated chemical clusters. These findings may
provide new insights into the sex-specific differences in ASD and have implications for discovery
of biomarkers that may enable early detection and intervention.
[0086] Specifically, the following dysregulation of compounds, ratios and chemical clusters were
found in the MMG and CB of subjects with ASD in the study described herein:

Compounds and Ratios

Females-MMG
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-increased or higher levels of compounds: glutamic acid; pyroglutamic acid;
propionic acid; N-mcthylalanine; pscudouridine; PC (p-40:3)/PC (0-40:4),,
HexCer-NS; AA/ EPA, and Glu/Gln

-decreased or lower levels of compounds: 2,6-dihydroxybenzoic acid; triglyceride

(TAG); PC; and PE/PE

Females-CB

increased or higher levels of compounds: orotic acid; 2'-O-methylguanosine; EtrE;
TAG; and diglyceride (DAG); and ratios of AA/ DHA

decreased or lower levels of TAGs

Males-MMG

Males-

-increased or higher levels of compounds homo-gamma-linolenic acid; and OxPC;
and ratios of Glu/Gln

-decreased or lower levels of 17-hydroxy-4,7,10,13,15,19-docosahexaenoic acid

CB

-increased or higher levels of compounds: AA; erythritol; alanine; glucose-6-
phosphate; pseudouridine; methionine; succinic acid; 2'-deoxyadenosine-5'-
monophosphate; and glycerophosphocholine; and ratios of AA/DHA; and Glu/Gln
-decreased or lower levels of compounds glutamine, 1,4-cyclohexanedione and

leukotriene B4

Chemical Clusters

Females-MMG

-increased or higher levels of galactosylceramides, very long-chain ether-linked
phosphatidylcholine (PC-ether-vic), alanine and derivatives, polyunsaturated fatty
acid-containing ether-linked phosphatidylcholine (PC-ether-PUFA), and ether-
linked phosphatidylcholine (PC-ether)
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-decreased or lower levels of polyunsaturated fatty acid-containing
phosphatidylcholinc (PC-PUFA), hydroxybenzoates, phosphatidylcholines (PC),
and phosphatidylethanolamines (PE)

Females-CB
-increased or higher levels of ceramides, purine nucleosides, and sphingomyelins
(SM)
-decreased or lower levels of triacylglycerols and the majority of unsaturated

triglycerides

Males-MMG
-increased or higher levels of adipates and unsaturated fatty acids
-decreased or lower levels of hydroxy eicosapentaenoic acid (HEPE), hydroxy fatty
acid 22 6 1 (OH-FA 22 6 1), basic amino acids, and the majority of
phosphatidylcholines (PC)

mixed direction levels of I-acyl-sn-glycero-3-phosphocholines, and saturated

lysophosphatidylcholines (LPC)

Males- CB

-increased or higher levels of long-chain ceramides, ceramides, aspartic acids,
pyrimidinones, laurates, alanine and derivatives, malates, sugar alcohols,
unsaturated ceramides, carnitines, and the majority of dipeptides, unsaturated fatty
acids, and hexosephosphates

-decreased or lower levels of nitro compounds, dihydroxyeicosatrienoic acid
(DIHETTE), epoxyeicosatrienoic acid (EpETrE), epoxyoctadecadienoic acid
(EpODE), PCs, and the majority of hexoses

[0087] Additionally, certain chemical clusters were found that were significantly different with

regard to sex. In MMG, girls with ASD had lower levels of PC-PUFA, galactosylceramides, PC-
ether-vlc, PC-ether, phosphatidylinositols (PI), PEs, and glycosphingolipids with no differences in
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boys. In CB, two chemical clusters with sex differences in ASD association: hexosephosphates
and cyclohcxancs. The ASD associations with thesc metabolites were in opposite dircctions
between boys and girls (increased in ASD boys but decreased in ASD girls; or decreased in ASD
boys but increased in ASD girls).

[0088] MMG was a focus based on studies that indicate the early gestational environment is an
important factor in ASD outcome: Swedish registry studies wherein first trimester use of the
antiseizure medication valproic acid was associated with ASD risk (44), increased risk with
thalidomide exposure at 20-24 days gestation (45) and earlier work in the ABC showing a robust
protective effect of dietary folate in women who initiated supplementation before conception or
during early gestation (43). Further support came from rodent models for ASD based on dam early-
midgestational exposure to infection, stimulants of innate immunity or toxins (46, 47, 48).

[0089] The majority of papers describing metabolomic profiles in maternal plasma represent
results from high-risk cohorts where the pathogenesis of ASD may be skewed towards specific
genetic mechanisms (7, 49, 50, 51, 52) or environmental exposures (53). An exception is a
population-based study in California where findings included dysregulations in lipid metabolism,
pyrimidine metabolism, N-glycan pathway, and C21-steroid hormone biosynthesis (6).

[0090] The key findings shown herein in boys and girls with ASD include dysregulated MMG and
CB metabolomic profiles consistent with inflammation (Fig. 3A), disruption of membrane
integrity (Fig. 3B), and impaired neurotransmission and neurotoxicity (Fig. 3C). Girls with ASD
also have disruption of ether/non-ether phospholipid balance in the MMG that is reminiscent of
other neurodevelopmental disorders (54, 55, 56). The sample size was smaller for girls than boys;
however, subsampling and post hoc power analyses suggested that the differences in findings

between boys and girls were not due to differences in sample size.

Inflammation

[0091] A recent literature review of publications reporting analyses of more than 411 ASD
subjects and 596 healthy controls through post-mortem histology and ir vivo positron emission
tomography revealed microglial activation in ASD (60). RNASeq analyses of human cortex from
47 ASD cases and 57 controls found evidence of microglial activation and type 1 interferon

responses (61).
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[0092] In MMG studies reported herein, analytes in the HEPE chemical cluster were decreased in
ASD boys, but not in girls. ASD boys also had dccrcased lcvels of 17-hydroxy-4,7,10,13,15,19-
docosahexaenoic acid compared to controls. HEPE and DHA are omega-3 (n-3) polyunsaturated
fatty acids (PUFA) that are precursors to anti-inflammatory leukotrienes, resolvins and protectins
and contribute to resolution of inflammation (62). Supplementation of HEPEs and DHAs reduce
TNF-a expression (63). Studies in animal models have revealed that HEPEs regulate inflammation
by induction of regulatory T cells (Tregs) (64), and that DHAs inhibit LPS-induced TNF-a
production in macrophages (65).

[0093] In CB, AA was clevated in ASD boys, but not in girls. AA was also eclevated (BF=4.21) in
ASD boys in MMG but did not meet the criterion for BF > 10. AAs are omega-6 (n-6) PUFAs that
are metabolized by cyclooxygenases (COX) and lipoxygenases (LOX) to produce pro-
inflammatory eicosanoids (66). In human cell lines, AAs stimulate the c-jun amino-terminal
kinase (JNK) cascade and NF-kB signaling (67), and promote TNF-a production (68). Levels of
analytes in the EpETrE chemical cluster were reduced in ASD boys, but not in girls. EpETrEs are
anti-inflammatory mediators derived from A As through the action of cytochrome P450 (CYP450)
epoxygenases (69). EpETrEs inhibit NF-kB signaling, prevent the accumulation of NF-«xB subunit
Rel A, and regulate TNF-a-induced inflammation in human endothelial cells (69).

[0094] A previous study reported imbalance in the n-6 PUFA/n-3 PUFA ratio in plasma of ASD
subjects that is consistent with inflammation (39). Accordingly, ratios of AA/DHA and AA/EPA
between ASD and controls were compared in each of the sex- and sample type-stratified datasets
(Table 5). In MMG, AA/EPA ratios were elevated in ASD girls, but not in boys. Both boys and
girls with ASD had clevated AA/DHA ratios in CB. Elevations in AA/EPA ratios are consistent
with inflammation. Elevations in AA/DHA ratios are implicated in reactive oxygen species (ROS)-
induced inflammation in hepatoma cell lines (70). Reductions in AA/DHA ratios inhibit TNF-a-
induced inflammation in alveolar cells (71). In a recent plasma cytokine profile analysis with the
same cohort reported here (72), we found prominent TNF-a elevations in the MMG and CB of
both ASD boys and girls.

[0095] The metabolomic analyses set forth herein provide evidence of dysregulation in fatty acid
metabolism that is consistent with lipid-mediated gestational inflammation.

Disrupted membrane integrity
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[0096] Reduced levels of analytes in the PC chemical cluster were found in MMG in both ASD
girls and boys, and in CB of ASD boys, but not girls. PCs arc abundant in thc membrancs of cells
and organelles, and regulate membrane integrity, transport, and G protein-coupled receptor
(GPCR) signaling (73, 74). PC depletion affects the stability of the membrane protein translocases,
impairs membrane integrity, and induces apoptosis (75, 76). In MMG, levels of analytes in the PE
chemical cluster were reduced in ASD girls, but not in boys. PEs are integral membrane
components essential for membrane fusion and stability (74). PE depletion disrupts membrane
dynamics with altered membrane transport and receptor signaling (77), and impairs autophagy
(78). In CB, we found elevated levels of analytes in the carnitine chemical cluster in ASD boys,
but not in girls. Carnitines facilitate the transport of fatty acids across mitochondrial membranes
(79). Previous studies reported elevations of short chain acyl-carnitines in plasma of ASD human
subjects (80) and in brain tissues of ASD rodents (81) that are consistent with impaired membrane
transport in ASD.

[0097] Levels of analytes in the ceramide chemical cluster were elevated in CB of both ASD boys
and girls. The levels of metabolites in the long-chain ceramide and unsaturated ceramide chemical
clusters were increased in CB of ASD boys, but not in girls. Ceramides are bioactive sphingolipids
of biological membranes that regulate membrane packing and membrane fusion (82). Apart from
controlling cellular signaling, these sphingolipids control cell fate (83). Ceramide accrual has been
implicated in gestational complications including preeclampsia (84) and neural tube defects (85).
As key components of the neuronal membranes, ceramides are critical to neuronal health (86).
These sphingolipids induce neuronal apoptosis (87), and promote neurodegeneration (88). Levels
of metabolites in the SM chemical cluster were elevated in the CB of ASD girls, but not in boys.
SMs are phosphocholine derivatives of ceramides (89) that are integral components of membrane
lipid microdomains or “lipid rafts” (90). SMs regulate exocytotic processes and membrane fusion
(90). Accumulation of SMs disrupt maturation and closure of autophagic membranes and leads to
impaired autophagy in Niemann-Pick type A (NPA) disease (91).

[0098] Intake of selective SSRIs is reported to affect levels of plasma lipid profiles (92, 93). Only
a small number of ABC subjects received SSRIs during pregnancy (n=1 in MMG girls, n=7 in
MMG boys, n=1 in CB girls, n=8 in CB boys). Repeated analyses excluding these subjects had no

impact of group-specific chemical clustering (data not shown).
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[0099] Significant sex differences in ASD associations with lipid chemical clusters in MMG were
found. Whercas ASD versus control girls had lower lcvels of analytes in the PC-PUFA, PI, and
PE chemical clusters, and higher levels of analytes in the PC-ether and PC-ether-vlc chemical
clusters, ASD boys had no alterations in these clusters. PEs, PIs and PC-PUFAs are non-ether
phospholipids, whereas PC-ethers and PC-ether-vlcs are ether phospholipids of peroxisomal origin
(94). Ether and non-ether phospholipids are critical to membrane integrity and dynamics (74, 94).
As key components of neuronal membranes, they regulate function (94). ASD girls exhibit lower
cognitive ability than ASD boys (95). Elevations in ether phospholipids with concomitant
reductions in non-ether phospholipids in the MMG plasma of ASD girls may indicate lipid
remodeling consistent with a shift in the plasma lipidome toward ether phospholipids from the
non-ether equivalents. An ether/non-ether phospholipid imbalance, with a shift toward ether
phospholipids, is reported with de novo variations in fatty acyl-CoA reductase 1 (FAR1), Sjégren-
Larsson syndrome, and complex hereditary spastic paraplegia due to phosphate
cytidylyltransferase 2, ethanolamine (PCYT2) mutations (54, 55, 56).

[0100] We obtained information on the cognitive dysfunctions as reflected in the diagnosis of
intellectual deficiency (ID) in ASD cases. Compared to ASD girls without ID, ASD girls with ID
had decreased levels in MMG plasma of analytes in the PE cluster (altered ratio 0.16, 100%
decreased, p-value < 0.0001), and increased levels of analytes in basic amino acid cluster (altered
ratio 0.36, 75% increased, p-value < 0.001).

Impaired neurotransmission and neurotoxicity

[0101] In MMG, ASD girls, but not boys, had elevations in the levels of Glu. Levels of Gln were
reduced in ASD boys (BF=3.52), but not in girls, though it did not meet the criterion for BF > 10.
In CB, ASD boys, but not girls, had reduced levels of Gln. Dysregulations in Glu/Gln metabolism
with elevated plasma Glu and reduced plasma Gln are reported in children with ASD (96, 97).
However, to our knowledge, this is the first evidence of dysregulations in Glu/Gln metabolism
during gestation. Glu is an excitatory neurotransmitter that is critical in neuronal migration and
plasticity, and synaptogenesis (98). Nonetheless, excess Glu leads to dysfunction of glutamatergic
neurotransmission (98), and promotes excitotoxicity-induced neuronal apoptosis (99, 100). In a
recent plasma cytokine profile analysis with the same cohort reported here, we found prominent

TNF-a elevations in MMG plasma of ASD subjects (72). TNF-a stimulates Glu production and
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promotes excitoneurotoxicity in murine microglial cells (101). TNF-a also increases blood-brain
barricr permcability in animal models (102). Although Glu docs not rcadily cross an intact blood-
brain barrier (103), the observation that TNF-a is elevated may explain the correlation between
elevated levels of Glu in plasma and in brain in ASD (104).

{6192} Gln 15 a precursor to both excitatory (Glu, aspartate) and inhubitory (y-amunobutyric acid)
neurotransnitters (105). Gin alse has a neuroprotective role (106, 187}, Given studies reporting
elevated plasma Glw/Gln ratios in ASD (40, 41}, we compared Glu/Gln ratios between ASDs and
controls in each of the sex- and sample type-stratified dataset (Table 5). Glw/Gln ratios were
elevated tn both ASD boys and girls in MMG plasma. In the OB plasma, ASD boys, but not ASD
girls, had elevated Glw/Gln ratios.

{6193} We previously reported that prenatal folic acid supplementation is associated with
decreased risk of ASD (43). Folic acid has also been shown to reduce glutamate-induced
excitotoxicity (108}, Accordingly, we tested whether folic acid supplementation confounded
resulls. The elevations of Glu/Gln ratios in ASD were not confounded by maternal intake of folic
acid supplements (data not shown).

[0104] The avalyses disclosed herewn provide evidence for dysregulations in the Glw/Glo

metabolism i gestation that are consistent with the neuropathology of ASD,

Testing for Biomarkers

[0105] As shown herein, certain metabolite and chemical markers and chemical clusters and ratios
are associated with ASD. By using these markers, important predictions and determinations can
be made regarding a newborn. Tests for these biomarkers can be performed at birth or during
pregnancy. Blood or plasma can be obtained from cord blood at birth or from a routine pregnancy
checkup of the mother.

[0106] The presence or amount of the markers can be compared to a reference value. In some
embodiments, the reference value is from a healthy control, i.e., a newborn, infant or child not
suffering from an ASD. In some embodiments, the reference value is from a newborn, infant or

child with an ASD.
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[0107] In certain embodiments, a sample of fluid from a subject is obtained. In some embodiments,
the subject is a ncwborn. In some ecmbodiments, the subject is a pregnant mother. In some
embodiments, the fluid is blood. In some embodiments, the fluid is plasma.

[0108] Any method known in the art can be used to test for the biomarkers in the sample, including
but not limited to targeted bioactive oxylipin assay, and chromatography/mass spectrometry-based
assays (MS) including but not limited to gas chromatography/time-of-flight mass spectrometry
(GC-TOF MS), hydrophilic interaction liquid chromatography/quadrupole time-of-flight mass
spectrometry (HILIC-QTOF MS), and liquid chromatography (LC)/quadrupole time-of-(light
mass spectrometry (CSH-QTOF MS).

Early Intervention for Autism Spectrum Disorders

[0109] One major advantage of the present disclosure is it allows the identification or diagnosis
of newborns who have or will develop or are at high risk of developing an ASD. This allows
intervention at the ecarliest possible stages of development, which increases the success of the
intervention.

[0110] Using the biomarkers disclosed herein, if a newborn is identified or diagnosed with an
ASD, interventions can be provided to the newborn or to the newborn as they become an infant
and beyond including but not limited to applied behavioral analysis (ABA), Early Social
Interaction (ESI), floortime, occupational therapy, and pivotal response therapy.

[0111] Additionally, there are medical and physical conditions associated with ASD including but
not limited to gastrointestinal (GI) issues, epilepsy, feeding issues, and sleep issues that can also

be addressed more efficiently if the newborn has been identified or diagnosed with ASD.

Examples

[0112] The present invention may be better understood by reference to the following non-limiting
examples, which are presented in order to more fully illustrate the preferred embodiments of the

invention. They should in no way be construed to limit the broad scope of the invention.

Example 1 — Materials and Methods
Study subjects
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[0113] The ABC (11), comprising 804 ASD cases and 1,786 randomly selected pool of control
subjccts is nested within the Norwegian Mother, Father, and Child Cohort (MoBa) (12, 13), a
population-based pregnancy cohort comprising 114,473 children born in 1999-2009, with 95,244
mothers and more than 75,000 fathers (12).

ASD case ascertainment

[0114] Children with ASD were identified through questionnaire screening of mothers at offspring
of 3, 5, and 7 years of age; referrals of participants suspected of ASD; and annual linkage to the
Norwegian Patient Register (NPR) (14). Cases were defined according to the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) (15) criteria.
Children diagnosed at the ABC Study Clinic were assessed by clinical psychologists and child
psychiatrists using standardized diagnostic instruments including the Autism Diagnostic Interview-
Revised (ADI-R) (16) and the Autism Diagnostic Observation Schedule (ADOS) (17) and tests of
intellectual and adaptive functioning and language capacity. ASD cases among NPR-identified
children not evaluated at the ABC Study Clinic were those assigned Infernational Classification
of Diseases, Tenth Revision (1ICD-10) F84 diagnoses (18). NPR ASD diagnoses have high validity
with a positive predictive value of 96.7% (14).

Study sample selection

[0115] Inclusion criteria included singleton birth, continued participation in the cohort, survival to
at least age three years, and availability of 200 microliters or more of MMG and/or umbilical CB
plasma. We prioritized subjects with both MMG and CB samples for the metabolomics analyses.
For each sex- and sample type-stratified group, we included all available MMG and CB samples
from ASD cases that satisfied the inclusion criteria, and the control samples were randomly

selected from the pool of eligible controls (Fig. 4).

Covariates

[0116] Data on covariates were extracted from MoBa questionnaires. For MMG analyses, data
from the questionnaires covered the time period during pregnancy up to the MMG blood draw; for
CB analyses, data covered the entire pregnancy. Confounders included maternal age; maternal

report of fever; respiratory or other infection; autoimmune/allergic disorders; emotional distress
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ratings (Hopkins Symptom Check List) (SCL-5) (19); and use of antipyretics (ATC codes
NO2BEO1, N02BAO1, NO2BAS51, N02BB51). For MMG analyscs, we adjusted for gestational age
at the MMG blood draw. For both MMG and CB analyses, we conducted sensitivity analyses based
on covariates of parental education, maternal exposure to folic acid supplements between 0-8
weeks of gestation, and maternal reports of intake of selective serotonin reuptake inhibitors
(SSRIs).

MMG and CB plasma collection

[0117] MMG plasma samples were collected during the routine ultrasound examinations at 18
weeks of gestation. Umbilical CB plasma samples were collected at birth. Samples were stored at
—80°C (13, 20).

Metabolomics assays

[0118] For MMG and CB analyses, samples were sequentially run in an order that alternated based
on ASD outcome and sex. Untargeted metabolomics data were acquired using three
chromatography/mass spectrometry-based assays (MS): (1) Primary metabolites such as mono-
and disaccharides, hydroxyl- and amino acids were measured by gas chromatography/time-of-
flight mass spectrometry (GC-TOF MS) (21) including data alignment and compound annotation
using the BinBase database algorithm (22); (2) Biogenic amines including microbial compounds
such as trimethylamine N-oxide (TMAO), methylated and acetylated amino acids, and short di-
and tripeptides were measured by hydrophilic interaction liquid chromatography/quadrupole time-
of-flight mass spectrometry (HILIC-QTOF MS); (3) Complex lipids including
phosphoglycerolipids, triacylglycerides, sphingolipids, and free fatty acids were analyzed by
liquid chromatography (LC)/quadrupole time-of-flight mass spectrometry (CSH-QTOF MS) (23).
Targeted bioactive oxylipin assay included thromboxanes, prostaglandins, and hydroxy-, keto- and
epoxy-lipins. All LC-MS/MS data included diverse sets of internal standards. LC-MS data were
processed by MS-DIAL vs. 4.0 software (24), and compounds annotated based on accurate mass,
retention time and MS/MS fragment matching using LipidBlast (25) and Massbank of North
America libraries (26). MS-FLO was used to remove erroneous peaks and reduce the false
discovery rate in LC datasets (27). A total of 1 208 metabolites were annotated, including 146
primary metabolites (PM), 416 biogenic amines (BA), 577 complex lipids (CL), and 69 oxylipins
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(OL). Data were normalized by SERRF (28). Residual technical errors were assessed by
cocfficicnts of variation for known metabolitcs.

Statistical analyses

[0119] For each analyte, missing values reflecting measurements below the detection limit were
replaced with 50% of the smallest available value. For each of the sex- and sample type-stratified
study cohorts, we identified outliers in each of the four panels using principal component analysis
(PCA) (Table 4). After eliminating outliers, data were natural log-transformed and divided by the
standard deviation of the analyte within the control group.

[0120] Adjusted logistic regression models were used to test separately in boys and girls for
associations between metabolites and ASD. In both MMG and CB analyses, models were adjusted
for maternal age, illnesses (fever, infection, inflammatory, autoimmune, allergic disorders),
emotional distress scores (SCL-5), and non-NSAID antipyretic medications, as well as gestational
age. Multiple comparisons were corrected using the Benjamini-Hochberg procedure, controlling
the overall false discovery rate (FDR) at the level of 0.05. Additionally, chemical enrichment
analyses (ChemRICH) (29) were performed to determine chemical classes that were altered
between groups. ChemRICH does not rely upon background databases for statistical calculations
and provides enrichment analysis based upon chemical structure, as opposed to defined pathways
that can be inherently flawed (29). For each metabolite, we conducted Bayesian analysis on the
logistic regression models. The Bayesian alternatives to the null hypothesis significance testing
(NHST) framework has been proven to improve the biological interpretability of metabolomics
data from human cohorts (30). We then calculated the BF and 95% highest density credible
intervals (HDI). We considered a metabolite to be associated with ASD if BF > 10 and the 95%
credible interval did not overlap with zero (31) (see below Bayesian Analyses).

[0121] To examine sex differences in metabolomic profiles, we combined data from boys and girls
and repeated the adjusted logistic regression models including sex as a covariate, together with the
interaction term between sex and each metabolite. ChemRICH analyses were conducted using the
estimates of the sex-metabolite interaction terms.

[0122] To explore the utility of the metabolomics assay as a biomarker for ASD, we employed
four machine learning algorithms: least absolute shrinkage and selection operator (Lasso) (32),

adaptive Lasso (AdaLasso) (33), Random Forests (RF) (34), and XGBoost (35). Models were built,
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trained, and evaluated separately for each sample type (MMG, CB), and sex. Due to the high
dimensionality in thc mctabolomics data, we applicd a novel feature sclection method called
model-X (MX) knockoffs (36) that distinguish important variables from noise in high-dimensional
datasets while controlling the FDR. The procedure was repeated for 500 iterations controlling the
FDR at the level of 0.1, and the variable importance was measured as the number of iterations in
which a metabolomic analyte was selected (see below, MX Knockoffs). For each of the machine
learning algorithms, we considered four sets of predictors: Sef 1, all metabolites; Sef 2, metabolites
with BF > 3; Set 3, metabolites that were selected by MX knockoffs in more than one iteration;
Set 4, metabolites that were selected by MX knockoffs in at least one iteration and had BF > 1.
The predictive performance was evaluated in random sampling cross-validation with 500
iterations. In each iteration, the sample set was randomly divided into an 80% training set and a
20% test set. We generated Receiver Operating Characteristic (ROC) curves and then calculated
the Area under the Receiver Operating Characteristic (AUROC) curve.

[0123] Data analyses were conducted using Matlab (R2021a, The Mathworks Inc., MA) and R
(version 4.1.0). All p-values were 2-tailed.

Batch Effect Correction

[0124] Using scatter plots of the principal components, we detected a batch effect in the complex
lipid (CL) data from maternal mid-gestation (MMG) plasma samples that was linked to equipment
failure resulting in a one-month delay in completing the lipidomic analyses (Fig. 5A). After
encountering batch effects in transcriptomic studies, we adopted a strategy for correction whereby
analyses of specimens from cases and controls alternate. In this instance, we assembled quartets
comprising (in order) one autism spectrum disorder (ASD) boy, one control boy, one ASD girl,
and one control girl. The individual quartets were then randomized and submitted for metabolomic
analysis. We identified 3 metabolites for which the prevalence of values below the detection limit
differed dramatically between batches: PC (34:0) - ESI (-) (0% in batch 1, 48.8% in batch 2), LPE
(20:4) - ESI (+) (4.3% in batch 1, 48.4% in batch 2), and PC (p-40:7)/PC (0-40:8) (49.4% in batch
1, 29.5% in batch 2). The difference in prevalence did not exceed 5% for other metabolites.
Accordingly, PC (34:0) - ESI (-), LPE (20:4) - ES1(+), and PC (p-40:7)/PC (0-40:8) were excluded
from MMG analyses. Comparisons of variance between batches suggested that mere shifting the

means or medians was not sufficient, therefore, we implemented ComBat [109] that uses a
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Bayesian framework to correct for the batch effect. Fig. 5B shows that the correction was
successful.

Bayesian Analyses

[0125] For each metabolite, we conducted Bayesian analysis on the logistic regression models
using R packages “rstanarm” [110] and “bayestestR” [111]. The Bayesian alternatives to the null
hypothesis significance testing (NHST) framework has been proven to improve the biological
interpretability of metabolomics data from human cohorts [112]. Specifically, under the frequentist
NHST f{ramework, univariate metabolomic analyses using false discovery rate (FDR) or family-
wise error rate (FWER) procedure only consider a metabolite to be associated with the outcome if
its p-value falls below an arbitrary threshold. However, NHST cannot distinguish whether there is
a true null effect or the data are insensitive. Moreover, a p-value reports the probability of the data
given the hypothesis, rather than the probability of the hypothesis given the data. Thus, analysis
under the frequentist framework cannot provide support for an alternative hypothesis. On the other
hand, univariate metabolomic analyses under Bayesian framework can quantify the size of an
effect and the strength of evidence in favor of one hypothesis over another through the estimation
of BayesFactor (BF). This allows investigators to discriminate between an inconclusive finding
and evidence in favor of the null hypothesis. In our Bayesian analyses, default (weakly
informative) prior distributions from rstanarm were applied adjusting the scales of the priors
internally. The default priors do not strongly affect the posterior distribution but help stabilize
computation, while still allowing for extreme effect sizes if warranted by the data [113, 114]. We
then calculated the BFs and 95% highest density credible intervals (HDIs). BFs are ratios that
quantify the probability of the alternative hypothesis (B#£0) over the null hypothesis (f=0) by
estimating the strength of evidence [115]. Therefore, BF=1 indicates equal likelihoods of either
hypothesis, given the data. Values larger than 1 imply stronger evidence in favor of the alternative
hypothesis over the null hypothesis. We used Jeffreys’ [116] guidelines to categorize these values
as anecdotal (BF between 1 and 3), moderate (BF between 3 and 10), strong (BF between 10 and
30), very strong (BF between 30 and 100), or extreme (BF > 100) evidence for the alternative
hypothesis. We considered a metabolite to be associated with ASD if BF > 10. The 95% credible
intervals are a range of values within which the true effect falls at 95% confidence, given the data

[117]. It has a different interpretation from the 95% confidence interval (CI) in the frequentist
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framework which instead signifies that with a large number of repeated samples, 95% of such
calculated Cls would include the truc valuc of the parameter. Mctabolitcs were considered to be
altered if the 95% credible interval did not overlap with zero.

MX Knockoffs

[0126] To explore the utility of the metabolomics assay as a biomarker for ASD, we applied a
novel feature selection method called “model-X" knockoffs or MX knockoffs [118] due to the
high dimensionality in the metabolomics data. MX knockoffs teases apart the important variables
from noise in high-dimensional datasets while controlling the FDR. The basic idea behind the
approach is to generate a set of “control” variables—the eponymous knockoffs—against which to
test the importance of the original input features. The method has mostly been employed in genetic
association studies [119-120], but has recently drawn attention in metabolomics [121, 122]. The
MX knockoff procedure can be conducted in the parametric setting using Lasso and in the
nonparametric setting using Random Forests (RF). We used MX knockoffs with RF because the
covariate distribution of the metabolomics data is unknown. The procedure was repeated for 500
iterations controlling the FDR at the level of 0.1, and the variable importance was measured as the

number of iterations in which a metabolomic analyte was selected.

Example 2- Study population characteristics

[0127] MMG analyses included 408 samples from 158 ASD boys, 158 control boys, 45 ASD girls,
and 47 control girls. CB analyses included 418 samples from 155 ASD boys, 164 control boys, 49
ASD girls, and 50 control girls. Demographic and clinical characteristics are illustrated in Table
1. Birth year was differently proportioned between ASD and control boys in the CB analysis (chi-
squaredp=0.010). The distribution of birth season was different between ASD and control boys in
both MMG (chi-squaredp=0.049) and CB (chi-squaredp=0.020) analyses. In CB analysis, ASD
boys were more likely to be born outside of the 37-41 gestational week window (chi-

squaredp=0.015). Other parameters did not significantly differ between cases and controls.
Example 3 - Metabolomic datasets

[0128] Targeted and untargeted mass spectrometry platforms yielded data for 1,208 metabolic
analytes comprising 146 PM, 416 BA, 577 CL, and 69 OL. We detected a batch effect in the CL
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data from MMG samples (Fig. 5A). Through quality control, we eliminated three metabolites (PC
(34:0) - ESI (-), LPE (20:4) - ESI (+), and PC (p-40:7)/PC (0-40:8)) in thc MMG analysis duc to
dramatic difference in the missing value prevalence between batches. Using ComBat (37), we

corrected for the batch effect (Fig. SB).

Example 4 - ASD is associated with altered metabolomic profiles

[0129] Table 2 shows the estimated adjusted odds ratios (aOR), associated 95% confidence
intervals (CI), p-values, FDR adjusted p-values, and BFs (31) of the metabolites associated with
ASD risk in each of the sex- and sample type-stratified datasets. Because we used weakly
informative priors in Bayesian analysis, the maximum-a-posteriori estimates of the aORs
(aORwmar) and the 95% HDIs were similar to the aORs and 95% Cls, respectively.

[0130] In MMG, no metabolite was associated with ASD risk under the NHST framework (all
FDR adjusted p-values were above 0.05). Using Bayesian analysis, we found ASD associations
(BF > 10) in girls with decreased levels of 2,6-dihydroxybenzoic acid and increased levels of
glutamic acid, pyroglutamic acid, propionic acid, N-methylalanine, and pseudouridine in the BA
panel. In the CL panel, ASD girls had higher levels of PC (p-40:3)/PC (0-40:4) and HexCer-NS
(d34:1) than control girls; and the levels of TAG (56:9), PE (36:5)/PE (16:0-20:5), PC (40:8) - ESI
(+), and PC (37:5) were lower in ASD girls compared to control girls.

[0131] In MMG boys, Bayesian analysis identified increased levels of FA (20:3) (homo-gamma-
linolenic acid) and OxPC (34:2+10)/OxPC (16:0-18:2+10) in the CL panel to be associated with
increased ASD risk. Levels of 17-hydroxy-4,7,10,13,15,19-docosahexaenoic acid in the OL panel
were lower in ASD boys.

[0132] In CB, through Bayesian analysis, we found increased levels of orotic acid in the PM panel
and 2'-O-methylguanosine in the BA panel in ASD girls. In the CL panel, ASD girls had higher
levels of DAG (36:1), TAG (56:3), and FA (20:3) (eicosatrienoic acid). Levels of TAG (56:9),
TAG (56:8) A, and TAG (58:10) were reduced. Compared to controls, ASD boys had higher levels
of FA (20:4) (arachidonic acid, AA) and erythritol under both NHST and Bayesian frameworks
(FDR adjusted p< 0.05 and BF > 10). Bayesian analysis additionally identified ASD association
with increased levels of alanine, glucose-6-phosphate, pseudouridine, methionine, and succinic

acid in the PM panel in cord blood samples from the male subjects. ASD boys had higher levels

42



WO 2024/243201 PCT/US2024/030358

of 2'-deoxyadenosine-5'-monophosphate and glycerophosphocholine, and lower levels of 1,4-
cyclohexancdionc and glutamine. Levels of Leukotriene B4 in the OL pancl were significantly
reduced in ASD boys.

[0133] We also compared ratios of AA/Docosahexaenoic acid (DHA), AA/Eicosapentaenoic acid
(EPA) (38, 39), and glutamate (Glu)/glutamine (Gln) (40, 41) between ASD and control subjects
in each of the sex- and sample type-stratified datasets (Table 5). In MMG, AA/EPA ratios were
elevated in ASD girls, but not in boys. In CB, both boys and girls with ASD had elevated AA/DHA
ratios. Glu/Gln ratios were elevated in both ASD boys and girls in MMG. In CB, ASD boys, but
not girls, had elevated Glu/Gln ratios.

Example 5 - Set enrichment analysis revealed altered chemical clusters in ASD

[0134] Chemical enrichment analyses of the results from the logistic regression models were
performed using ChemRICH (29) to determine chemical clusters that were altered between ASD
and control groups (Fig. 1A — 1D, Table 3).

[0135] In MMG, ASD girls had reduced levels of polyunsaturated fatty acid-containing
phosphatidylcholine  (PC-PUFA), hydroxybenzoates, phosphatidylcholines (PC), and
phosphatidylethanolamines (PE). Increased levels of galactosylceramides, very long-chain ether-
linked phosphatidylcholine (PC-ether-vic), alanine and derivatives, polyunsaturated fatty acid-
containing  ether-linked  phosphatidylcholine  (PC-ether-PUFA), and  ether-linked
phosphatidylcholine (PC-ether) were associated with increased risk of ASD (Fig. 1A).

ASD boys had lower levels of hydroxy eicosapentaenoic acid (HEPE), hydroxy fatty acid 22 6 1
(OH-FA 22 6 1), and basic amino acids. There were mixed directional alterations in the levels
of PCs, l-acyl-sn-glycero-3-phosphocholines, and saturated lysophosphatidylcholines (LPC).
Levels of adipates and unsaturated fatty acids were increased in ASD boys (Fig. 1B).

[0136] In CB, levels of triacylglycerols and the majority of unsaturated triglycerides were reduced
in ASD girls. ASD girls had increased levels of ceramides, purine nucleosides, and sphingomyelins
(SM) (Fig. 1C). ChemRICH analysis of the CB from the boys revealed the highest number of
altered chemical clusters (Fig.1D). Levels of nitro compounds, dihydroxyeicosatrienoic acid
(DIHETTE), epoxyeicosatrienoic acid (EpETrE), epoxyoctadecadienoic acid (EpODE), PCs, and

the majority of hexoses were lower in ASD boys. The majority of hexosephosphates, unsaturated
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fatty acids, and dipeptides were up-regulated. ASD boys also had higher levels of long-chain
ccramidcs, ccramidcs, aspartic acids, pyrimidinoncs, lauratcs, alaninc and derivatives, malates,
sugar alcohols, unsaturated ceramides, and carnitines.

[0137] ASD risk in children is associated with parental education (42) and periconceptional
maternal intake of folic acid (43). Accordingly, we conducted sensitivity analyses with
ChemRICH additionally adjusting for parental education and maternal exposure to folic acid
supplements between 0-8 weeks of gestation. No substantive changes in the dysregulated chemical

clusters were observed (data not shown).

Example 6 - ASD boys and girls have different metabolomic profiles

[0138] We combined metabolomic data from boys and girls and repeated the adjusted logistic
regression models including sex as a covariate, together with the interaction term between sex and
each metabolite. ChemRICH analyses were conducted using the estimates of the sex-metabolite
interaction terms. Univariate analyses in boys and girls were used to elucidate the directions and
magnitudes of sex differences (Table 2). The full ChemRICH results for these interaction analyses
are reported in Table 6.

[0139] In MMG, the chemical clusters with significant sex differences in ASD association
included PC-PUFA, galactosylceramides, PC-ether-vlc, PC-ether, phosphatidylinositols (PI), PEs,
and glycosphingolipids. Compound estimates in boys and girls revealed that the sex-specific
differences were driven by the female cohort; there were no differences in levels of the metabolites
between ASD and control boys. In contrast, girls with ASD had lower levels of PC-PUFA, PlIs,
and PEs, and higher levels of galactosylceramides, PC-cther-vle, PC-ether, and
glycosphingolipids.

[0140] In CB, we found two chemical clusters with sex differences in ASD association:
hexosephosphates and cyclohexanes. The ASD associations with these metabolites were in
opposite directions between boys and girls (increased in ASD boys but decreased in ASD girls; or
decreased in ASD boys but increased in ASD girls); estimates in the male cohort were more
significant.

Example 7 - Assessment of the metabolomic assays as a biomarker for ASD
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[0141] We considered four sets of predictors for each of the machine learning algorithms: Ser 7,
all mctabolitcs; Ser 2, mctabolitcs with BF > 3; Ser 3, mctabolites sclected by MX knockoffs in
more than one iteration (Table 7); and Ser 4, metabolites selected by MX knockoffs in at least one
iteration with BF > 1. Fig. 2A-D show the ROC curves and the AUROC values, differentiating
ASD cases from controls. The AUROC values and 95% Cls are reported in Table 8. The p-values
comparing the predictive performances between machine learning algorithms within each
predictor set and between predictor sets using each algorithm was also performed (results not
shown).

[0142] In the MMG girls (Fig. 2A), machine learning models with Ser 4 predictors yielded highest
average AUROC values (Ser 1: 0.426; Set 2: 0.697; Set 3: 0.724; Set 4: 0.742); the best performing
classifier was RF with Ser 3 predictors that differentiated ASD girls from control girls with an
AUROC value of 0.817 (95% CI: 0.711 ~ 0.890). In MMG boys (Fig. 2B), machine learning
models with Set 2, Ser 3, and Ser 4 predictors produced similar average AUROC values (Set I:
0.531; Ser 2: 0.657; Set 3: 0.663; Set 4: 0.663). RF with Set 3 predictors outperformed the other
classifiers and yielded an AUROC value of 0.710 (95% CI: 0.647 ~ 0.766). In CB girls (Fig. 2C),
machine learning models with Ser 3 predictors were more accurate than models based on the other
predictors (Set 1: 0.492; Set 2: 0.724; Set 3: 0.766; Set 4: 0.731). RF with Set 3 predictors separated
ASD girls from control girls with an AUROC value of 0.853 (95% CI: 0.754 ~ 0.917). In CB boys
(Fig. 2D), Set 3 was the most accurate predictors (Set 1: 0.617; Set 2: 0.690; Set 3: 0.720; Set 4:
0.698); XGBoost with Set 3 predictors produced an AUROC value of 0.766 (95% CI: 0.707 ~
0.816).

Example 8 - Post Hoc Power Analysis

[0143] Autism is approximately 4-fold less common in girls. Accordingly, our sample size was
smaller for girls than boys. We conducted post hoc power analysis for every logistic regression
model and compared power between boys and girls in the MMG and cord blood (CB) datasets,
respectively. In the MMG analysis, the female cohort, despite smaller sample size, exhibited higher
power than the male cohort (power in girls had a mean of 0.188 and a standard deviation of 0.176
vs. power in boys had a mean of 0.168 and a standard deviation of 0.166, paired t-test p=0.003),

suggesting that the effect sizes in girls were larger than those in boys. In the CB analysis, the male
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cohort had higher power than the female cohort (power in girls had a mean of 0.173 and a standard
deviation of 0.162 vs. power in boys had a mecan of 0.219 and a standard deviation of 0.219, paired

t-test p=5.11x10") (results of post hoc powers for individual metabolites not shown).

Example 9 - Subsampling Analysis

[0144] To examine whether the difference in the altered chemical clusters between boys and girls
resulted from the difference in the sample sizes, we conducted 1 000 iterations of random
subsampling (without replacement) of 50 ASD boys and 50 control boys in the MMG and CB
datasets, respectively. The logistic regression estimates from 1,000 subsamples were pooled using
Rubin’s rules [123] and used as inputs for ChemRICH. No chemical clusters, in either MMG or

CB analyses, were significantly altered (data not shown).
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CLAIMS

1. A method for providing early autism spectrum disorder (ASD) intervention to a newborn
comprising the steps of:
a. identifying the newborn as having ASD or as being at risk of developing ASD by:

L performing or having performed an ASD association assay on a sample from
the newborn or a mother of the newborn to identify if the newborn has ASD or
is at risk of developing ASD;

ii. identifying the newborn as having ASD or being at risk for developing ASD
when the ASD association assay indicates that there is a dysregulation of the
newborn’s metabolomic profile; and

b. providing an early ASD intervention to the newborn so-identified.

2. The method of claim 1, wherein the newborn’s metabolomic profile is compared to a

control metabolomic profile.

3. The method of claim 1, wherein the newborn’s dysregulated metabolomic profile is

consistent with inflammation.

4. The method of claim 3, wherein the newborn is a male and the sample is blood or blood
product from the mother at mid-gestation and wherein a decreased or lower level of the
compound 17-hydroxy-4,7,10,13,15,19-docosahexaenoic acid or chemical cluster hydroxy
eicosapentaenoic acid (HEPE) as compared to a control level identifies the newborn as
having a dysregulated metabolomic profile consistent with inflammation and as having

ASD or at risk for developing ASD.
5. The method of claim 3, wherein the newborn is a female and the sample is blood from the

mother at mid-gestation and wherein an increased or higher ratio of arachidonic acid

(AA)/eicosapentaenoic acid (EPA) as compared to a control level identifies the newborn
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10.

as having a dysregulated metabolomic profile consistent with inflammation and as having

ASD or at risk for developing ASD.

The method of claim 3, wherein the sample is cord blood and wherein an increased or
higher level of the compound arachidonic acid (AA) or ratio of arachidonic acid (AA)/
docosahexaenoic acid (DHA) as compared to a control level identifies the newborn as
having a dysregulated metabolomic profile consistent with inflammation and as having

ASD or at risk for developing ASD.

The method of claim 3, wherein the newborn is a male and the sample is cord blood and
wherein a decreased or lower level of chemical cluster epoxyeicosatrienoic acid (EpETTE)
as compared to a control level identifies the newborn as having a dysregulated metabolomic

profile consistent with inflammation and as having ASD or at risk for developing ASD.

The method of claim 1, wherein the newborn’s dysregulated metabolomic profile is

consistent with disrupted membrane integrity.

The method of claim 8§, wherein the sample is blood or a blood product from the mother at
mid-gestation and wherein a decreased or lower level of chemical cluster
phosphatidylcholines (PC) as compared to a control level, identifies the newborn as having
a dysregulated metabolomic profile consistent with disrupted membrane integrity and as

having ASD or at risk for developing ASD.

The method of claim 8, wherein the newborn is a female and the sample is blood or blood
product from the mother at mid-gestation and wherein a decreased or lower level of
compounds phosphatidylcholines (PC) or phosphatidylethanolamines (PE) or chemical
cluster PE as compared to a control level, or an increased or higher level of chemical
clusters PC-ether or PC ether-vlc as compared to a control level, identifies the newborn as
having a dysregulated metabolomic profile consistent with disrupted membrane integrity

and as having ASD or at risk for developing ASD.
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11.

12.

13.

14.

15.

16.

The mcthod of claim 8, whercein the sample is cord blood and wherein an incrcased or
higher level of chemical cluster ceramide as compared to a control level identifies the
newborn as having a dysregulated metabolomic profile consistent with disrupted

membrane integrity and as having ASD or at risk for developing ASD.

The method of claim 8, wherein the newborn is a male and the sample is cord blood and
wherein a decreased or lower level of chemical cluster phosphatidylcholines (PC) as
compared to a control level, or an increased or higher level of chemical clusters carnitine,
long chain ceramides or unsaturated ceramides as compared to a control level identifies the
newborn as having a dysregulated metabolomic profile consistent with disrupted

membrane integrity and as having ASD or at risk for developing ASD.

The method of claim 8, wherein the newborn is a female and the sample is cord blood and
wherein an increased or higher level of chemical cluster sphingomyelin as compared to a
control level, identifies the newborn as having a dysregulated metabolomic profile
consistent with disrupted membrane integrity and as having ASD or at risk for developing

ASD.

The method of claim 1, wherein the newborn’s dysregulated metabolomic profile is

consistent with impaired neurotransmission and neurotoxicity.

The method of claim 14, wherein the sample is blood from the mother at mid-gestation and
wherein an increased or higher ratio of Glu/Gln as compared to a control level, identifies
the newborn as having a dysregulated metabolomic profile consistent with impaired

neurotransmission and neurotoxicity and as having ASD or at risk for developing ASD.
The method of claim 14, wherein the newborn is a female and the sample is blood from the

mother at mid-gestation and wherein an increased or higher level of compound Glu as

compared to a control level, identifies the newborn as having a dysregulated metabolomic
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profile consistent with impaired neurotransmission and neurotoxicity and as having ASD

or at risk for devcloping ASD.

17. The method of claim 14, wherein the newborn is a male and the sample is blood from the
mother at mid-gestation and wherein a decreased or lower level of compound Gln as
compared to a control level, identifies the newborn as having a dysregulated metabolomic
profile consistent with impaired neurotransmission and neurotoxicity and as having ASD

or at risk for developing ASD.

18. The method of claim 14, wherein the newborn is a male and the sample is cord blood and
wherein a decreased or lower level of Gln as compared to a control level, or an increased
or higher ratio of Glu/Gln as compared to a control level, or chemical clusters long chain
ceramides or unsaturated ceramides, identifies the newborn as having a dysregulated
metabolomic profile consistent with impaired neurotransmission and neurotoxicity and as

having ASD or at risk for developing ASD.

19. A method for providing early autism spectrum disorder (ASD) intervention to a newborn
comprising the steps of:
a. identifying that the newborn has ASD or is at risk of developing ASD by:

L. performing or having performed an ASD association assay on a sample from a
mother of the newborn to identify if the newborn has ASD or is at risk of
developing ASD, wherein the sample is cord blood;

il. identifying the newborn as having ASD or being at risk for developing ASD
when there is high number of dysregulated chemical clusters in said sample as
compared to a control number;

b. providing early ASD intervention to the newborn to the newborn so-identified.

20. A method for providing early autism spectrum disorder (ASD) intervention to a female

newborn comprising the steps of:
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a. identifying that the newborn has ASD or is at risk of developing ASD with increased

impaircd cognitive development by:

L.

il.

performing or having performed an ASD association assay on a sample to
identify if the newborn has ASD or is at risk of developing ASD with increased
impaired cognitive development, wherein the sample is blood from the mother
at mid-gestation;

identifying the newborn as having ASD or being at risk for developing ASD
with increased impaired cognitive development when there is an imbalance of

ether/non-ether phospholipids in said sample; and

b. providing early ASD intervention to the newborn identified with autism spectrum

disorder (ASD) with increased impaired cognitive development.

21. A method for providing early intervention to newborn with autism spectrum disorder

(ASD) comprising the steps of:

a. identifying that the newborn has ASD or is at risk of developing ASD by:

L.

il.

performing or having performed an ASD association assay on a sample to
identity if the newborn has ASD or is at risk of developing ASD;

identifying the newborn as having ASD or being at risk for developing ASD
when there is a dysregulation of the newborn’s metabolomic profile, wherein
the metabolomic profile is determined using one or more of the metabolites

listed in Table 7; and

b. providing early ASD intervention to the newborn.

22. The method of any of claims 1-21, wherein the early ASD intervention comprises Early

Social Interaction (ESI) model intervention.

23. The method of any of claims 1-21, wherein the early ASD intervention comprises speech

therapy, and/or hearing impairment therapy/treatment, and/or physical therapy.
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24. The method of any of claims 1-21, wherein the early ASD intervention is administered
prior to 20 months of the age of the newborn or prior to 10 months of the age of the

newborn.
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