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Established Facts

• The prevalence of autism spectrum disorder (ASD) has been increasing rapidly in recent years.
• The pathophysiology of ASDs remains unclear; however, genetic defects and multifactorial causes

have been reported to play an important role in genetic disorders.

Novel Insights

• With this report, isolated autism spectrum disorder should be described in the clinical spectrum of
congenital disorders of glycosylation (CDG) in the literature

• Autism should be listed among the neurological findings of CDG.
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Abstract
Background: Autism spectrum disorder (ASD) is used to
describe individuals with a specific combination of disorders
in social communication and repetitive behaviors, highly
restricted interests, and/or sensory behavior that begin early
in life. The prevalence of ASD has been increasing rapidly in
recent years. Pathophysiology of ASDs remains still unclear;

however, genetic defects and multifactorial causes have
been reported to play an important role in genetic disorders.
The prevalence of inborn errors of metabolism (IEM) re-
ported among patients with ASD is 2–5%. The clinical
presentation of congenital disorders of glycosylation (CDG)
may be in the form of psychiatric disorder only. Case Study:
Case 1: a 5-year-old female patient was admitted for in-
vestigation of ASD. She had a dysmorphic facial appearance,
inverted nipples, abnormal fat distribution, ataxic gait, and
autistic features. Her transferrin isoelectric focusing test was
compatible with a type 1 CDG pattern. A homozygous
variant in ALG8 gene revealed the diagnosis of ALG8-CDG
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(CDG Type 1H). Case 2: a 2-year-old male patient was ad-
mitted with complaints of ASD for investigation of an un-
derlying IEM due to speech delay. Physical examination
revealed hypertelorism, small hands, and autistic behavior.
Transferrin isoelectric focusing test was also found normal.
As a result of the WES, a homozygous variant was detected
in ALG11 confirming the diagnosis of CDG type 1p.
Conclusion: CDG should also be considered in the differ-
ential diagnosis of autistic patients with dysmorphic find-
ings. The aim of our study was to emphasize that autism
should be listed among the neurological findings of CDG.

© 2023 S. Karger AG, Basel

Introduction

Autism spectrum disorder (ASD) is used to describe
individuals with a specific combination of disorders in
social communication and repetitive behaviors, highly
restricted interests, and/or sensory behavior that begin
early in life [Lord et al., 2020]. The prevalence of ASD has
been increasing rapidly in recent years as reported in the
last report of the Centers for Disease Control and Pre-
vention. According to this report, the prevalence of au-
tism has increased from 1.7% to 3.9% worldwide
[Maenner et al., 2021]. The Centers for Disease Control
and Prevention and the American Academy of Pediatrics
recommend that all children be screened specifically for
ASD during regular well-child visits at 18 months and 24
months. Isolated loss of early words and social respon-
siveness are mentioned as the emerging clinical findings
which support the diagnosis of ASD [Centers for Disease
Control and Prevention, 2022].

Etiology of ASD is multifactorial, and genetic disorders
play an important role. Phenylketonuria, homocystinuria,
cobalamin deficiency, argininemia, mucopolysacchar-
idosis, and some types of congenital disorders of glyco-
sylation (CDG) can be listed as inborn errors of
metabolism (IEM), in which autism should be the pre-
senting sign at the course of the disease.

CDG include a rapidly growing spectrum of IEM
caused by defective glycosylation of proteins and lipids
[Höck et al., 2015]. Multiple prenatal abnormalities, gas-
trointestinal symptoms, seizures, ataxia, psychomotor
retardation, dysmorphic findings, coagulopathy, and in-
creased transaminase levels are main findings of CDG.
Neurological involvement is a frequent finding of the
disease; however, it can involve all systems or be seen as a
single organ involvement [Marquardt and Denecke, 2003].
Psychomotor retardation, hypotonia, impaired liver

functions, coagulopathy, feeding difficulties, convulsions,
and visual disturbances are main clinical manifestations in
the early childhood period [Cylwik et al., 2013]. ASDsmay
also be a phenotypic feature of CDG.

ALG8-CDG (OMIM #608104) is one of the CDG syn-
dromes that is caused by variants in the ALG8 gene which
encodes glucosyltransferase 2 (dolylyl-phosphateglucose 1-
mannose 9-N acetylglucosamine glucosyltransferase).
Clinical presentation includes dysmorphic facial features,
hypotonia, ataxia, psychomotor retardation, renal failure,
hepatomegaly, coagulopathy, edema, and ascites, including
hydrops fetalis, cardiorespiratory problems, and protein-
losing enteropathy [Chantret et al., 2003]. ALG11-CDG
(CDG type 1p) is a type of CDG caused by a deficiency of
mannosyl transferase 11 enzyme (OMIM #613661). It is
particularly characterized by nervous system and hearing
involvement. In the carbohydrate-deficient transferrin
analysis, increased di- and asialo-transferrin and decreased
tetrasialo-transferrin can be detected. In some ALG11-
CDG cases, carbohydrate-deficient transferrin analysis
can be detected as normal [Jaeken and Pe’anne, 2017].

Here, a 5-year-old female patient and a 2-year-old
male patient who presented with ASD without the car-
dinal findings and diagnosed with CDG were reported.
With this report, ASD should be described in the clinical
spectrum of CDG in the literature.

Case Study

Case 1
A 5-year-old female patient was admitted to our outpatients’

clinic for investigation of underlying IEMs of ASD. She was first
diagnosed with ASD by a child psychiatry clinic at 3 years of age
with complaints of social impairment and speech delay. She was the
first child of consanguineous parents. Her prenatal, natal, and
postnatal history was uneventful. Her weight, length, and occipi-
tofrontal circumference were in normal ranges. She achieved her
neurodevelopmental milestones with a moderate delay. There was a
marked retardation in her expressive language development as at the
age of 3 years, she could only use 10–15 words, and she had no
sentences.

In physical examination, she had a normal growth. She had a
dysmorphic facial appearance including epicanthus, hypertelorism,
mild micrognathia, inverted nipples, and abnormal fat distribution,
especially pronounced around the abdomen. She could only walk
with support and had an ataxic gait. Based on her dysmorphic
features and abnormal neurologic examination, CDG was included
in the differential diagnosis.

Hematological, biochemical, and primary metabolic analysis
investigations were normal. Brain magnetic resonance imaging
was normal, and her electroencephalography showed diffuse, ir-
regular background activity and isolated sharp wave activity in
both temporo-occipital and parieto-occipital hemispheres.
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Transferrin isoelectric focusing test which was performed for a
preliminary diagnosis of CDG, mono-oligo/di-oligo ratio and
a-oligo/di-oligo ratio were found to be high which was compatible
with CDG1. As a result of the whole exome sequence analysis,
homozygous c.584T>C change was detected in the ALG8 gene
(NM_024079.4 c.584T>C [p.Leu195Pro]).

Her parents were also found to be heterozygous for this change.
She is now 12 years old, and in the 7-year follow-up period, no
worsening even in clinical and/or biochemical findings was
observed.

Case 2
A 2-year-old male patient was admitted to our outpatients’

clinic for investigation of underlying IEMs of ASD. He was first
diagnosed with ASD by a child psychiatry clinic at 18 months of
age, with speech delay and slower neurological development than
his sister. He was the second child of consanguineous parents.
His prenatal, natal, and postnatal history was uneventful. His
weight, length, and occipitofrontal circumference were in normal
ranges. He reached neurodevelopmental milestones in retard
when compared to the other sibling of the family.

In physical examination, he had a normal growth. He had a
dysmorphic facial appearance including hypertelorism, mild
micrognathia. Neurological examination of the patient, who
showed irritability and autistic behaviors, was normal.

Hematological, biochemical, and primary metabolic analysis
investigations were normal. Brain magnetic resonance imaging
and EEG revealed no pathologic finding.

Transferrin isoelectric focusing test which was performed for a
preliminary diagnosis of CDG was normal. Whole exome se-
quence analysis revealed c.254C>T p (Ala85Val) variant in ALG11
gene in a homozygous state, confirming the diagnosis of CDG type
1p. He is now 10 years old, and in the 8-year follow-up period after
the diagnosis, gastrointestinal system findings, hearing, and vision
problems began to be seen. He also developed unprovoked sei-
zures, which were considered to be associated with ALG11-CDG
after 6 years of age. His seizures could be successfully managed
with a monotherapy of levetiracetam.

Two different platforms were used for sequencing of the genes
for the ALG8 gene; whole exome sequencing was performed using
Illumina Nextera Rapid Capture Enrichment on the Illumina
NextSeq 50 platform. However, molecular analysis of ALG11 was
performed in a private laboratory.

Written informed consent was obtained from parents of the
patients. Clinical and demographic characteristics of both patients
are given in Table 1.

Discussion

The pathophysiology of ASDs remains unclear;
however, genetic defects and multifactorial causes have
been reported to play an important role in genetic dis-
orders. There is no standard algorithm for investigation
of an IEM among ASD patients; however, different
interventional approaches have been described in the
medical literature to date. It is recommended to inves-
tigate for an IEM starting with the first tier metabolic testsTa

b
le

1.
C
lin

ic
al

an
d
de

m
og

ra
ph

ic
ch
ar
ac
te
ris
tic
s
of

pa
tie

nt
1
an

d
pa

tie
nt

2

Se
x

C
on

sa
ng

ui
ni
ty

A
ge

of
A
SD

fi
nd

in
gs

A
ge

of
di
ag

no
si
s

D
ys
m
or
ph

ic
fe
at
ur
es

G
IS

fi
nd

in
gs

H
ep

at
ic

in
vo

lv
em

en
t

N
eu

ro
lo
gi
ca
l

fi
nd

in
gs

Tr
an

sf
er
rin

is
oe

le
ct
ric

fo
cu
si
ng

G
en

e
Pr
ot
ei
n

ch
an

ge
N
uc
le
ot
id
e

ch
an

ge

Pa
tie

nt
1

F
(+
)

36
m
on

th
s

5
ye
ar
s

Ep
ic
an

th
us
,

hy
pe

rt
el
or
is
m
,

m
ic
ro
gn

at
hi
a,

in
ve
rt
ed

ni
pp

le
s,

ab
no

rm
al

fa
t

di
st
rib

ut
io
n

Ø
Ø

A
ta
xi
c
ga

it,
ab

no
rm

al
EE
G

In
cr
ea
se
d

m
on

o-
ol
ig
o/

di
-o
lig

o
an

d
a-
ol
ig
o/
di
-

ol
ig
o
ra
tio

A
LG

8
p.
Le
u1

95
Pr
o

c.
58

4T
>C

Pa
tie

nt
2

M
(+
)

18
m
on

th
s

2
ye
ar
s

H
yp

er
te
lo
ris
m
,

m
ic
ro
gn

at
hi
a

Ø
Ø

Ø
N
or
m
al

A
LG

11
p.

(A
la
85

Va
l)

c.
25

4C
>T

A
SD

,a
ut
is
m

sp
ec
tr
um

di
so
rd
er
;G

IS
,g

as
tr
oi
nt
es
tin

al
sy
st
em

;F
,f
em

al
e;

M
,m

al
e,

EE
G
,e

le
ct
ro
en

ce
ph

al
og

ra
m
.

Autism Spectrum Disorder in Congenital
Disorders of Glycosylation

Mol Syndromol
DOI: 10.1159/000530118

3

https://doi.org/10.1159/000530118


of plasma (amino acids, total homocysteine, acyl carnitine
profile, copper, and ceruloplasmin) and urine (organic
acid analysis, purines and pyrimidines, creatine metab-
olites, oligosaccharides, and glycosaminoglycans) [DM
van Karnebeek and Stockler-Ipsiroglu, 2014; Zigman
et al., 2021].

The prevalence of IEMs reported among patients with
ASD is 2–5% [Kiykim et al., 2016]. As a result, investi-
gation of an underlying IEM should be performed for the
differential diagnosis of ASD. CDGs are one of the rarest
disorders that have been reported to coexist with ASD
among IEM [Albokhari et al., 2022].

Autism is a previously reported clinical finding in
many types of CDGs. ALG8-CDG, ALG6-CDG,
GALNT2-CDG, DOLK-CDG are CDGs associated with
autism [Helander et al., 2013; Morava et al., 2016;
Zilmer et al., 2020]. ALG8-CDG is a very rare type of
CDG; only about 26 patients have been reported in the
literature. Albokhari et al. [2022] described 7 new
patients with ALG8-CDG in 2022. Autism was defined
as a presenting sign in 5 of these 7 patients. Multiple
prenatal abnormalities, prematurity, gastrointestinal
symptoms, seizures, ataxia, psychomotor retardation,
dysmorphic findings (low-set ears, macroglossia,
hypertelorism, pes equinovarus deformity), coagulop-
athy, increased transaminase levels, and thrombocy-
topenia were mentioned as main clinical findings
[Höck et al., 2015].

ALG11-CDG (CDG type 1p) is a very rare type of
CDG; only about 7 patients have been reported in the
literature to date. Hypotonia, seizures, developmental
retardation, and death by 2 years of age was reported in
a patient who showed a similar disease course with
hypotonia, generalized epilepsy, and opisthotonus
[Rind et al., 2010]. In 3 other patients, severely delayed
psychomotor development, mental retardation, and
seizures within the first year of life dominated the
clinical phenotype. Their communication skills were
absent, and social interactions were very limited [Thiel
et al., 2012]. A 29-month-old female presented with
global developmental delay, hypotonia, and a history of
poor weight gain, and a 14-year-old Hispanic male
patient with a history of myoclonic epilepsy, global
developmental delay, hypertonia, and microcephaly
[Haanpaa et al., 2019]. Multidrug resistance, general-
ized tonic-clonic epilepsy, dystonia, global develop-
mental delay, and microcephaly were the clinical
findings of 2 patients [Silver et al., 2021]. In the
carbohydrate-deficient transferrin analysis, increased
di- and asialo-transferrin and decreased tetrasialo-
transferrin can be detected. However, in some of the

cases, it could be normal [Jaeken and Pe’anne, 2017].
ALG11-CDG has no specific treatment. Nevertheless,
studies are being developed in order to find thera-
peutics. It is obvious that this diagnosis has many
unknown aspects, and further research is needed.

On the contrary of the literature, our patient had no
seizures, hypotonia, peripheral hypertonia, gastroin-
testinal system findings, and hearing and vision
problems at the time of diagnosis. In the following
years, seizures and gastrointestinal symptoms began to
appear. In addition, our case is one of the rarest cases of
ALG11-CDG reports which highlight autism in the
clinical spectrum. Both the ALG8 and ALG11 variants
of our patients have been described previously in the
literature. But none of them were described in the
homozygous state.

We present this case series of two children with CDG
to raise awareness among pediatricians and child psy-
chiatrists. CDGs, which are ultra-rare IEMs, should be
considered in the differential diagnosis of patients pre-
senting with dysmorphic features and ASD. In addition,
autism should be listed among the neurological mani-
festations of CDG.
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