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Introduction

The term autism spectrum disorders (ASD) also
known as pervasive developmental disorders
[PDDs] refers to early onset, developmental
disorders of varying clinical presentation character-
ized by pervasive qualitative impairment , delay and
deviance in the development of reciprocal social,
communicative and other skills. In contrast to the
lack of interest in social environment, unusual
sensitivity to inanimate environment is typical
characteristic of ASDs. According to DSM-IV-TR?
these ASDs include Autistic disorder, Rett’s
Syndrome, Childhood Disintegrative Disorder,
Asperger’s Syndrome and PDD Not otherwise
specified. In the past decade, researchers and
clinicians have broadened the diagnostic concept
to include milder and atypical forms of autism and
autism-related disorders that are represented as a
spectrum. These disorders are estimated to occur
at a much higher rate than previously thought,
making it likely for the average physician to
encounter patients with ASDs in his or her practice.
A complete understanding of what comprises ASDs
and the underlying etiological mechanisms will
require a dramatic change in how these disorders
are conceptualized. Here the authors review the
recent literature on neurobiology of ASDs along
with its nosological implications.

Approaches to Understanding PDD

»  Multi Dimensional Approach

Most behavioural, neurobiological and genetic
research has approached autism categorically.
However, over the years, a number of researches

have suggested that autism may be better under-
stood by examining the component behavioural and
cognitive abnormalities. McBride et al.? propounded
a dimensional approach to understanding autism
proposing that the various impaired components
must be considered individually and that there
should be equal consideration given to the inter-
action between these domains.

e Autism Continuum

Studies suggest that autistic like symptoms fit
to a multivariately distributed dimensional trait than
to a categorical entity. Many researchers have
argued for an autistic continuum without sharp
boundaries between an autistic core group and other
PDD remainder groups rather than for a sharp cut
off between these groups®®. In this continuum,
multiple and interacting biological and group
influences are believed to determine the severity
of impairment. According to Wing’, autistic
continuum is characterized by a set of three features
with a strong tendency to cluster together, known
as triad of impairments :

1. Impairments of reciprocal social interaction

2. Verbal and non verbal communication

3. Imagination (identified as being closely

related to the narrow, rigid, repetitive
pattern of behaviour). Within this concept
of an autistic continuum there is little
evidence to suggest where the cut off from
normality actually falls. There is evidence
from family studies of an elevated risk for
social, communication, and repetitive
impairments among relatives of probands
with autism. The social difficulties are
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qualitatively similar to, although, milder,
than those who typify autism and are
sometimes apparent in childhood®. This
poses a risk of the diagnosis of autism being
extended to include any individual with
minimal behavioural anomalies pertaining
to the impairment triad creating diagnostic
over inclusion® .
*  Autism Spectrum
The severity of autism’s deficits is extremely
variable. In view of the above stated limitations of
autism continuum, many researchers have argued
for the existence of autism spectrum rather than an
autism continuum. The term *“Autism continuum”
suggests a simple straight line from mild to severe.
With respect to autistic disorders, the situation
seems to be more complex as the manifestations of
the impairment triad vary widely in type and
severity; with varied combinations. Some of these
combinations have been identified to be specific
syndromes. Many other combinations have not yet
been assigned a separate syndrome status. The term
“Spectrum” is used to indicate the fact that although
there is a common denominator, different types of
children with a PDD present with their own pattern
of symptoms. That is, patients differ by nature of
symptoms and not just by degree®. Therefore, the
term autism spectrum disorders (ASDs) is
appropriate because it denotes a bell shaped curve
of impairment. The DSM-IV TR! and ICD-10 refer
to the autism spectrum as pervasive developmental
disorders (PDD) and refer to autistic disorder (AD;
widely shortened to autism in the literature) as the
classic, more severe end of the distribution.

Autism Spectrum Disorder: Nosological status

There is evidence that only certain disorders
can be included in ASD. Three PDDs are typically
considered ASDs: Autism, Asperger’s disorder, and
PDD not otherwise specified (PDD NOS) . The
ICD-10, in addition to these three also includes
Rett’s Syndrome and Childhood Disintegrative
disorders.

The scientific committee for DSM-V has
proposed new category, Autism Spectrum Disorder,
which is proposed to include Autistic disorder
(autism), Asperger’s disorder, Childhood disinte-
grative disorder, and Pervasive Developmental
Disorder Not Otherwise Specified (PDD NOS). For

the diagnosis of ASD it is proposed that the child
must meet criteria 1, 2, and 3:

1. Clinically significant, persistent deficits in
social communication and interactions, as
manifest by all of the following:

a. Marked deficits in nonverbal and verbal
communication used for social inter-
action:

b. Lack of social reciprocity;

c. Failure to develop and maintain peer
relationships appropriate to develop-
mental level

2. Restricted, repetitive patterns of behavior,
interests, and activities, as manifested by
at least TWO of the following:

a. Stereotyped motor or verbal behaviors,
or unusual sensory behaviors

b. Excessive adherence to routines and
ritualized patterns of behavior

c. Restricted, fixated interests

3. Symptoms must be present in early
childhood (but may not become fully
manifest until social demands exceed
limited capacities)

It was stressed that a single spectrum disorder
is a better reflection of the current state of know-
ledge about neurobiology, pathology and clinical
presentation. Differentiation of ASD from typical
development and other “non-spectrum” disorders
is done reliably and with validity; while distinctions
among disorders have been found to be inconsistent
over time, variable across sites and often associated
with severity, language level or intelligence rather
than features of the disorder. Because autism is
defined by a common set of behaviors, it is best
represented as a single diagnostic category that is
adapted to the individual’s clinical presentation by
inclusion of clinical specifiers (e.g., severity, verbal
abilities and others) and associated features (e.g.,
known genetic disorders, epilepsy, intellectual
disability and others.)

The symptomatology can be grouped into two
domains, as deficits in communication and social
behaviors are inseparable and more accurately
considered as a single set of symptoms with
contextual and environmental specificities. Also
delays in language are neither unique nor universal
in ASD and are more accurately considered as a
factor that influences the clinical symptoms of ASD,
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rather than defining the ASD diagnosis.

Requiring two symptom manifestations for
repetitive behavior and fixated interests was
considered to improve the specificity of the criterion
of DSM-1V without significant decrements in
sensitivity. The presence, via clinical observation
and caregiver report, of a history of fixated interests,
routines or rituals and repetitive behaviors can
considerably increase the stability of ASD over time
and the differentiation between ASD and other
disorders.

Rett’s Disorder patients often have autistic
symptoms for only a brief period during early
childhood, so inclusion in the autism spectrum is
not currently being considered appropriate for most
individuals. ASD is proposed to be defined by
specific sets of behaviors and not by etiology hence
Rett’s Disorder is being proposed to be excluded
from ASD.

CDD was included in DSM-IV in order to
encourage research. However, previous data had
indicated that CDD is a rare condition, (prevalence
of 2/100,000)*? and that regression is not a
dichotomous phenomenon'® and that many children
with autism undergo a loss of skills at one time or
another, but that this can occur in the setting of
previously typical development or superimposed on
an already aberrant developmental trajectory.
Careful review of the current criteria demonstrates
that there is ambiguity which can make it difficult
for practitioners to separate these two entities,
particularly with respect to regressions between the
second and third year of life.

Review of cases in the published literature did
not support the idea that CDD was a distinct
disorder from regressive autism. Specifically, in
several cases it was difficult to make the distinction
between autism and CDD due to age overlap of
regression occurring between ages two and three
1516 In addition, in some cases a diagnosis was
difficult to make because of lack of proof for typical
development before regression’. Several cases
were reported to include onset of psychotic
symptoms?’ or symptoms that abated (and/or
developmental skills regained) within a short time
frame with appropriate treatment®®, In addition,
studies that have compared individuals diagnosed
with CDD to those diagnosed with autism (and
regression) have not found No substantial

differences in a variety of outcome measures
between them have been reported®. These data
suggest that CDD is not separate enough from
autism to sustain its own diagnosis.

Although all ASDs involve impairments in
reciprocal social interaction skills, the degree of
impairment in communication skills and cognitive
abilities and the form disorder is associated with a
slightly different set of diagnostic criteria as
described in this article.

Autism

Autistic Disorder is also known as infantile
autism, childhood autism and early infantile autism.
Current diagnostic criteria for autism specify
multiple impairments in social functioning and
communication as well as restricted and repetitive
behavior present before the age of 3 years 2022,

The manifestations of this disorder vary greatly
in terms of the degree of impairment, ranging from
early estimates of 75% of individuals having
comorbid mental retardation [ to recent reviews
suggesting as few as 30% to 60% of individuals
with this specific comorbidity?2. People with autism
experience substantial social impairments that have
an impact on almost every aspect of their
interactions with others. Peer interactions are often
avoided, and play behaviors often remain
stereotypic and lacking in pretense. Even within the
first 12 to 18 months of life, difficulties in joint
attention, social responsiveness, and eye contact are
noted and have been confirmed by retrospective
videotaped studies?®. These social impairments
contribute greatly to subsequent language delays
by dramatically limiting the number of meaningful
learning opportunities during a critical develop-
mental period. Moderate to profound language
impairments typically are the first symptoms to
draw the pediatrician’s notice. Many children with
autism fail to develop language at all unless
dramatic intervention procedures are pursued®:.
Restricted and repetitive behaviors occur more
commonly in older preschool- and school-aged
children than in young children or adolescents and
adults] and commonly include hand flapping, toe
walking, and rocking .

Asperger’s disorder
The criteria for Asperger’s disorder share some
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similarities with autism. To qualify for a diagnosis
of Asperger’s disorder, an individual must demon-
strate at least two characteristic criteria in the area
of impaired social interaction and one characteristic
criterion in the area of restricted, repetitive, and
stereotyped patterns?. Individuals with Asperger’s
disorder do not have clinically significant delays
in language skills, cognitive development, or age-
appropriate self-help skills or adaptive behavior.?°
In fact, individuals with Asperger’s disorder are
often verbally fluent and have above-average
intelligence in many areas, whereas clear deficits
and learning disabilities may be evident in other
areas?. Finally, developmental milestones are often
within normal to advanced limits; thus, identi-
fication of these children typically occurs at a later
age as difficulties develop on entry into preschool
or daycare or into general education environments?,
The work group of DSM-V has recommended to
subsume Asperger’s disorder into ASD.A number
of published papers have argued that the DSM-1V
Asperger’s disorder criteria did not work in the
clinic?. “‘Asperger’s syndrome’(as defined in DSM-
IV) was used loosely with little agreement: For
example, a survey of 466 professionals reporting
on 348 relevant cases, showed 44% of children
given Asperger’s, PDD-NQOS, atypical autism, or
‘other ASD’ label actually fulfilled criteria for
Autistic Disorder (overall agreement between
clinician’s label and DSM-IV criteria; Kappa
0.31).28 Research suggests early language criteria
do not demarcate a distinct subgroup with different
course/outcome, cause/aetiology, neuro-cognitive
profile and treatment needs/response. Current
research suggests that Asperger disorder is part of
the autism spectrum, although with possible over-
use of the term it is quite likely that other (non-
ASD) types of individuals have received this label.
Asperger disorder may

1. Not be substantially different from other

forms of ‘high functioning’ autism (HFA)

2. May be distinct from other subgroups

within the autism spectrum?°.

There is no strong, replicated support for new
or modified criteria likely to distinguish a meaning-
fully different group with Asperger disorder versus
autism with good (current) language and 1Q perhaps
more comprehensive review concludes Reviews
suggest that there is little evidence that Asperger’s

is distinct, and that current 1Q is the main
differentiating factor®. Bennett et al’s®* follow-up
study suggests that language impairment at 6-
8years might have greater prognostic value than
early language milestones, and Szatmari et al®? argue
(on the basis of later developmental trajectory) for
a distinction between ASD with (autism) versus
without (Asperger’s) structural language
impairment at 6-8 years.

Rett’s Syndrome

This is a progressive condition that develops
after some months of apparently normal develop-
ment including normal perinatal head circum-
ference. However, between five months to forty
eight months (usually between six months to one
year), head growth begins to decelerate followed
by a loss of hand skills and appearance of midline
stereotypic hand wringing movements or hand
washing stereotypies.

Once established, the disorder contains autistic
features, such as impairments in social interactions,
communication; and stereotyped behaviours.
However, Rett’s disorder has enough distinguishing
features to be considered an independent diagnostic
entity. For instance, the course of the disorder is
different from autism; with Rett’s disorder progress-
ing to various forms of neurological impairments
that are not seen in autism.

Childhood Disintegrative Disorder (CDD)

CDD is a rare condition characterized by: 1)
onset of condition after a fairly prolonged period
of normal development; and 2) marked deterioration
in multiple developmental areas accompanied by
development of various “autistic like features”.
Children with CDD clearly resemble autistic
children of the same intellectual leveling terms of
their behaviour, limited communication skills,
pattern of long term outcome, and the need for
various special services. Although available data
are limited, the disorder has been reported to be
quite rare®. A prevalence estimate of 1 in 1,00,000
children has been suggested. More recent data
suggest a preponderance of the condition in boys.

Pervasive developmental disorder not
otherwise specified

A diagnosis of PDD-NOS is used for milder
problems on the spectrum when an individual
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displays a severe impairment in the development
of reciprocal social interaction associated with
verbal or nonverbal communication skills or with
the presence of stereotyped behavior, interests, and
activities but without meeting criteria for another
PDD?,

Differential Diagnosis

The rigorous phenotyping of autism or pheno-
typing subgroups of children who have autism is
essential. At a clinical level, there are many signs

and symptoms of autism that also occur in other
developmental disorders. Table 1 outlines some of
the most salient diagnostic features that differentiate
the diagnosis of ASDs from other developmental
disorders. One feature that differentiates autism
from other developmental disorders is the social
deficit. Although autism remains a clinical
diagnosis, studies that use standardized criteria can
home in on the neurobiology with much greater
precision. In addition, outcome can be more clearly
studied and interventions compared.

Table 1. Summary of Useful differential diagnostic features of ASDs with other
developmental disorders

ASDs

Other Developmental Disorders

Language impairment

e Pragmatics (language use, conversational
skill) and prosody universally impaired.

e Semantics (word choices) often unusual.

» Grammar and speech articulation impaired
in a minority of children; others may
speak fluently and grammatically but with
abnormal features.

» Abnormal features salient (e.g., echolalia,
scripts, perseveration, incessant questioning,
answering besides the point frequent)

e Comprehension may be worse than
expression; often specific difficulty
answering questions to which they know
the answer

Attention and sleep

*  Most troublesome is impaired joint attention

» Attention may be long for self-selected
activities

* Impulsivity reflects poor judgment

» Multiple sleep awakenings, poor consolidation
of circadian sleep cycle

Sensorimotor issues

Stereotypies (repetitive purposeless rhythmic

movements) frequent, especially in low-functioning

children

Decrease in number and amplitude with age in high,

not low-functioning children

Increased and decreased responses tosensory
stimuli in any or all modalities

Self-injury frequent, especially in low functioning
Children

Developmental language disorders

» Pragmatics spared, try to communicate any
available way

» \ocabulary impoverished

* Mostly, grammar and speech articulation
impaired. In severe cases, speech is sparse,
effortful, poorly intelligible.

» Abnormal features unusual; perseveration
in some cases of OCD

e  Comprehension usually equal to orsuperior to
expression, may be normalfor age in expressive
language subtypes

ADHD/ADD and sleep

* Inattention is ubiquitous but variable

* Restlessness, fidgetiness in ADHD

* Impulsivity, especially in ADHD

» Decreased need for sleep, difficulty falling
sleep, early awakenings

Tics/Tourette’s syndrome, OCD

Tics: more rapid and irregular; may be
simple or complex.

Preceded by an urge, followed by relief;
compulsive touching in Tourette’s and OCD
varies over time

Not a feature except in severe mental
retardation (in which low-functioning
autism might be the correct diagnosis)

ADD : attention-deficit disorder; ADHD : attention-deficit/hyperactivity disorder; OCD : obsessive-compulsive disorder.
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Neurobiology

Among the many areas of progress in unrave-
ling the neurobiology of autism spectrum disorders,
the research in genetics, immunology, imaging, and
electrophysiology are discussed.

Genetics

Autism is highly heritable, yet most (perhaps
80%-90%) of affected individuals are the only
affected members of their families, usually with no
explanation for their condition Some of the
remaining 10% to 20% have a plausible non genetic
cause such as intrauterine rubella® or cytomega-
lovirus®. A few have a chromosomal abnormality;
for example, an alteration in chromosome number
or a balanced or unbalanced duplication, deletion,
or translocation microscopically visible on banded
preparations®,

In some families, autism is but one symptom
of a defined mitochondrial*” or mendelian disorder
expressed in the brain, such as fragile X% or
tuberous sclerosis®. Thus, although a large variety
of diagnosable disorders have been associated with
autism (some in very few individuals or families),
each disorder is rare, and by no means do all
individuals who have that condition have autism.

Whole-genome searches using newly
developed comparative microarray techniques
applied to large samples of rigorously diagnosed
unaffected control subjects and probands in families
that have several affected members (multiplex
families), in families that have only one affected
member, and in monozygotic and dizygotic twins
have identified several recurrent single-stranded
DNA micro deletions, micro duplications, or other
gene rearrangements*’. Deletions or duplications at
16p11.2 fragile site have been found in approxi-
mately 1% of three different populations of
individuals who have autism*-43. These gene copy
number variations (CNVs) are dominantly heritable,
most arise from new (de novo) mutations and may
be more numerous in autism than in the general
population. Most CNVs are found only de novo in
the probands, not in the patient’s parents. Therefore,
one is justified in assuming that the mutation
occurred in the gonad of one or the other CNV-
negative parent who passed it on to the affected
offspring but who is at vanishingly low risk of
having another affected child. Which parent is more

likely to have undergone the mutation is disputed,
some studies implicating older fathers on the basis
of the life-long turnover of sperm*.

For reasons yet to be determined, CNVs are
transmitted to 50% of male offspring, as expected
from a highly penetrant dominant mutation, but to
only 20% to 30% of female offspring, which
explains well-documented male-to-male trans-
mission in some families**. This sex-skewed
transmission contributes to, but does not fully
account for, the preponderance of male patients and
probably multiple genes interact in its causation.
CNV deletions and duplications suggest that the
breakage site inactivates one or more non-coding
regulatory genes, resulting in the silencing of one
or more other genes.

Evidence implicates potent posttranslational
environmental or epigenetic editing of the genome
to be an important contributing factor. Epigenetics
refers to stable heritable or potentially heritable post
mitotic alterations in gene expression that do not
entail a change in nucleotide sequences*. Among
non coding RNAs, micro RNAs (miRNAs), only
approximately 22 nucleotides long, make a major
contribution to RNA editing in post mitotic neurons,
their exquisite sensitivity to environmental stimuli
regulates neural transmission“ and alter individual
genetically determined risk factors for diseases In
autism the multiple gene interactions and
environmental epigenetic influences on the
expression of each individual’s genome plays a
crucial role. Consequently, unless a known gene
defect with a defined inheritance pattern and
predictable phenotype is detected, only general risk
factors can be provided to families and, even then,
prediction of the severity of the expected phenotype
is often uncertain.

Immunology

33 % parents report the occurrence of language
regression or a developmental plateau associated
with loss of sociability in their child between
approximately 12 to 30 months of age, usually with
no known trigger. The retrospective finding of
elevated levels of certain cytokines in the cord
bloods of infants who were later diagnosed as
autistic with or without cognitive impairment or as
mentally retarded without autism (but not in the
bloods of normal children or of those who have
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cerebral palsy) supported covert intrauterine
inflammation as a potential causative factor’. The
widespread activation of microglia and astrocytes
(part of the innate immune system) found in 11
brains of individuals aged 4 to 44 years who had
autism (but not found in control subjects) implicated
inflammation as a contributory factor“®. No
evidence of T- or B-lymphocytic infiltration was
noticed in these brains which suggest activation of
the adaptive immune system.

The potential role in autism of genetic risk
factors for covert infection or autoimmune infla-
mmatory factors has been investigated for over a
decade. There are reports of linkage of autism to
several classes of HLA genes.*-! A survey in the
families of affected children indicated a higher
prevalence of autoimmune disorders like
rheumatoid arthritis, lupus, and thyroiditis
compared with control families®?, a finding not
corroborated in another study®®. Raised levels of
brain-specific auto-antibodies were reported in the
sera of children who had autism®+°. The
contribution of elevated cytokines, antigens,
antibodies, and other evidence for dysregulation of
the immune system in particular subtypes of autism
are subjects of active investigation in humans and
animal models; but no coherent evidence has
emerged emerge.

Brain Imaging

The pathology and the imaging of autism over
the years have implicated numerous brain
structures, including the frontal lobes, amygdala,
and cerebellum®®, cortical white matter®, and a
tendency toward unusually large brains in young
autistic children, with later growth deceleration®.
An area of interest in imaging is mapping regions
of the brain relevant to social competence.

Functional MRI (fMRI) studies done with
paradigms to investigate the “social brain’ suggest
the involvement of networks that include, in
particular, the orbitofrontal cortex, superior
temporal gyrus, and amygdala. fMRI studies
suggest that individuals who have autism activate
frontotemporal regions, but not the amygdala, when
making mentalistic inferences from the eyes, as
opposed to typical individuals who activate the
superior temporal gyrus, amygdala, and parts of the
prefrontal cortex®®. Presented with stimuli of

varying fearfulness, typical individuals activate the
left and right amygdala differentially, but those who
have high-functioning autism or Asperger’s
syndrome do not®®,

Perception of facial expression and facial
recognition is linked to the fusiform area of the
ventral temporal lobe®t. This linkage and that of
the amygdala in emotional processing suggest that
deficits in the amygdala—fusiform network may
underlie the social cognitive impairments
characteristic of individuals who have ASDs. Four
lines of evidence strongly implicate dysfunction in
multiple networks as a basis for autism’s social
cognitive impairments. This includes: alterations
in neocortical mini columns in the frontal and
temporal lobes®, abnormal trajectory of head
growth, atypical fMRI activation, and diffusion
tensor imaging of white matter tracts during early
development®*. The current working model,
supported by imaging studies, is the brain under
connectivity model®.

Electrophysiology

Children who have isolated language
regression are more likely to have epileptiform
activity on their EEGs than children who undergo
language regression within the context of a broader
autistic regression. 52 The current clinical
recommendation is to obtain an EEG in children
who have epilepsy or when epilepsy is suspected
clinically but not in every child who has autism with
or without language regression. In children who
have autism, automatic discrimination of infrequent
changes in tonal stimuli matures later than in control
subjects; detection required active attention until
age 9 years compared with its automaticity from
age 4 years in control subjects®. Such low-level
auditory processing deficits have a likely impact in
the development of language skills.

There is preliminary electrophysiologic data
linking the EEG—specifically, frequency (8-13Hz)
wave suppression—to specific imitation skills in
children who have autism®”-¢8, Magnetoencephalo-
graphy (MEG) has shown auditory processing
deficits in children who have autism and deficient
language®®. High-frequency EEG rhythms in the
gamma range (30-100 Hz) are thought to be of
importance in perceptual and cognitive processes
and in intersensory synchronization and binding™.
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Using MEG and a steady-state auditory stimulus,
children and adolescents who have autism, found
that the production or maintenance of left-
hemispheric gamma oscillations as abnormal ™. It
has been hypothesized that the high-frequency EEG
rhythms found in some children who have autism
may reflect an imbalance in the excitation—
inhibition homeostasis of their brains’. The
developmental dysfunction of GABA transmitting
interneurons, minicolumn abnormalities mentioned
earlier, and gamma rhythm abnormalities suggest
that the socio-cognitive deficits found in ASDs may
be reflections of abnormal development of neuronal
network connectivity’. Investigators using
guantitative EEG in children who have ASDs have
demonstrated impaired integration of frontal and
posterior brain regions suggestive of a pattern of
neural underconnectivity”™. Electrophysiologic and
imaging technologies are defining the neural
networks and interconnectivities that underlie the
complex deficits that characterize ASDs.
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