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Abstract

Aims/Background: Dopa-responsive dystonia (DRD) is a rare genetic disorder with complex and diverse clinical manifestations, re-
sulting in a high rate of misdiagnosis. This case report describes an infantile case of DRD complicated by autism spectrum disorder
(ASD), initially presenting with a sleep disorder. We aim to summarize its clinical manifestations, diagnostic process, treatment, and
follow-up outcomes in order to improve clinical understanding of this disecase. Case Presentation: A retrospective analysis was per-
formed on a male infant who was treated at Jinhua Maternal and Child Health Care Hospital in 2020. The patient presented at one month
of age with sleep disturbances, delayed motor development, and intermittent upward deviation of the eyes. Genetic testing identified
two heterozygous pathogenic variants in the tyrosine hydroxylase (TH) gene. Among them, the ¢.738-2A>G variant was not recorded in
the Exome Aggregation Consortium (ExAC), Genome Aggregation Database (gnomAD), or 1000 Genomes Asian population databases.
During follow-up, the patient was also found to have comorbid ASD. Results: Genetic testing confirmed biallelic 7H mutations, estab-
lishing the diagnosis of infantile DRD. The patient exhibited marked clinical response to levodopa/benserazide, though dose titration was
required with growth. Conclusion: For infants with unexplained sleep disorder accompanied by delayed motor development, genetic
testing should be performed as early as possible to facilitate the identification of the root cause and implement timely treatment. In

addition, close follow-up should be conducted to detect comorbid neurodevelopmental disorders.
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1. Introduction

Dopa-responsive dystonia (DRD), also known as
Segawa syndrome, is an autosomal inherited movement dis-
order. Its incidence rate is estimated at 0.5—1.0 per million
population, with a female-to-male ratio ranging from 2:1
to 4:1, and a higher penetrance observed in females [1].
Typical clinical manifestations include progressive postu-
ral and gait abnormalities with diurnal fluctuation (milder
in the morning and worse in the evening), and a signifi-
cant and sustained response to levodopa [2]. DRD is as-
sociated with multiple pathogenic genes, with three major
ones identified thus far. The most common is the guano-
sine triphosphate cyclohydrolase 1 (GCH1) gene, while the
tyrosine hydroxylase (7H) gene and sepiapterin reductase
(SPR) gene are considered relatively rare [3,4]. Most cases
are diagnosed during childhood due to clinical manifesta-
tions of movement disorders. DRD is especially responsive
to levodopa treatment. The majority of patients gain weight
without the need for dose escalation, which is thought to be
related to the reduced demand for dopamine with increas-
ing age [5]. Here, we report a case of DRD in an infant who
presented with sleep disturbances as the initial symptom
and was found to be complicated by ASD during follow-up.
Clinical and genetic characteristics, as well as the follow-up
process, are presented in this report, which will serve as a
practical reference for early identification of infantile DRD
associated with atypical symptoms.

2. Case Report

A male infant, 3 months old, was admitted to Jinhua
Maternal and Child Health Care Hospital in 2020 due to re-
lentless episodes of crying and shortened duration of sleep
in the preceding 2 months. He was the second child of
a gravida 2, para 2 (G2P2) pregnancy, born at full term
via vaginal delivery. At birth, he was hospitalized for 7
days due to congenital pneumonia, neonatal hypoglycemia,
abnormal levels of myocardial enzymes, scalp hematoma,
and neonatal hyperbilirubinemia. He received treatment in-
cluding nasal catheter oxygen inhalation, cephalosporins
and blue light therapy, and all of the above conditions
were resolved at the time of admission. There was no
family history of neurodevelopmental and neuromuscular
disorders. Physical examination results are as follows:
weight = 6.8 kg; height = 64.0 cm; head circumference
= 40.0 cm; and anterior fontanelle = 1 x 1 cm. The in-
fant was conscious and had a strong cry. His anterior
fontanelle was flat and soft. Bilateral upward deviation of
the eyes was noted, and no social smile could be elicited.
Cardiopulmonary auscultation and abdominal examination
were unremarkable. Head control was unstable, and the
infant had difficulty lifting his head in the prone position.
Lower limb weight-bearing ability was poor when held in
a standing position. Decreased muscle strength and hypo-
tonia were present in both extremities. Joint examination
revealed shoulder adduction, thumb adduction, and tight
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Table 1. Genetic testing results.

Gene Chromos- Gene mutation gnomAD ACMG va Disease Inheritance Zygosity type (alt/all)
omal information MAF -riant clas name pattern Patient Mother Father
location (v3.1.1) -sification
TH  Chrll: NM 199292.3 Not reported P Recessive AR Heterozygous  Wild-type Heterozygous
2167487 :exon7: c.738-2 Segawa (39/98) (0/13) (68/136)
A>G syndrome
(MIM:605407)
TH  Chrll: NM_199292.3 0.0003 P Recessive AR Heterozygous Heterozygous Wild-type
2167905  :exon6: c.698 Segawa (67/158) (77/168) (0/167)
G>A (p.Arg syndrome
233His) #* (MIM:605407)

Notes: *, The variant locus has been documented in authoritative databases; P, Pathogenic variant; AR, Autosomal recessive inheritance;

alt/all, The ratio of the sequencing depth of the variant allele to the total sequencing depth at the locus; TH, tyrosine hydroxylase; gno-

mAD, Genome Aggregation Database; MAF, minor allele frequency; ACMG, American College of Medical Genetics and Genomics; MIM,

Mendelian Inheritance in Man.

Achilles tendons. Neurological examination showed bilat-
eral knee-jerk reflexes of (++) and asymmetrical tonic neck
reflex (ATNR) of (+). Cranial magnetic resonance imag-
ing, electroencephalogram, hip joint ultrasound, blood rou-
tine, blood ammonia, ceruloplasmin, thyroid function and
alkaline phosphatase tests showed no obvious abnormali-
ties. Genetic metabolic screening by mass spectrometry re-
vealed increased urinary levels of oxalic acid-2 and glycolic
acid-2. However, no additional clinical or biochemical evi-
dence supporting primary hyperoxaluria or related renal or
skeletal manifestations was identified in this patient. De-
velopmental assessment using the Peabody Developmental
Motor Scales at 3 months of age demonstrated a gross motor
developmental quotient of 83, a fine motor developmental
quotient of 79, and a total motor developmental quotient
of 79. The initial diagnoses were sleep disturbance, mo-
tor developmental delay, and dystonia. Initial management
included motor training (3 times/week), cognitive training
(3 times/week), and sleep guidance for parents. During
follow-up, the infant, who was aged 4 months at that time,
still could not maintain stable head control, cried exces-
sively during training sessions, and continued to experi-
ence poor sleep, while feeding and bowel movements re-
mained unremarkable. Physical examination revealed that
the infant was conscious with a loud cry, and the anterior
fontanelle was flat and soft. No special facial features were
observed, and no social smile could be elicited. Cardiopul-
monary and abdominal examinations were unremarkable.
Further tests demonstrated decreased muscle tone in all ex-
tremities, poor head control, difficulty lifting the head in the
prone position, and weak lower limb weight-bearing when
supported in a standing position. The genetic testing results
were available when the patient was 5 months old. Family
exome sequencing identified compound heterozygous vari-
ants in the TH gene (Table 1): ¢.738-2A>G and c.698G>A
(p-Arg233His). The father was found to carry the heterozy-
gous TH variant ¢.738-2A>G, while the mother carried the

heterozygous TH variant ¢.698G>A (p.Arg233His) (Fig.
1).

According to the genetic results, the infant was treated
with levodopa and benserazide tablets (each tablet contain-
ing 200 mg levodopa and 50 mg benserazide) [5,6]. The ini-
tial therapeutic dose of levodopa/benserazide tablets (cal-
culated as levodopa) was 1 mg/kg/day, with a maintenance
dose of 4 mg/kg/day, administered orally in two divided
doses. Crying was significantly reduced on the second day
after treatment, and the infant was able to maintain head
control at the 1-month follow-up. Subsequently, the par-
ents requested discontinuation of rehabilitation therapy and
opted for home-based intervention instead. Regular follow-
up was arranged. The dosage of levodopa/benserazide
tablets should be titrated in accordance with body weight;
without appropriate dose escalation, the patient may experi-
ence symptom recurrence, manifested as hypotonia and un-
steady gait. At the most recent follow-up, the patient was 3
years and 10 months old, receiving levodopa/benserazide at
adosage of 12.5 mg/kg/day orally in two divided doses, and
the dose has not been increased for one year. Physical and
motor development were normal, but cognitive and social
impairments, dysarthria, and persistent salivation were ob-
served. Clinical manifestations included emotional insta-
bility, poor sitting tolerance, limited eye contact, reduced
social interaction, poor compliance with instructions, and
impaired attention. The patient was capable of simple ver-
bal communication, but his speech was slurred and largely
unintelligible, and persistent sialorrhea was noted. Assess-
ment using the Gesell Developmental Schedules revealed
adaptive behavior at 68, gross motor at 89, fine motor at
65, language at 60, and personal-social at 71, indicating
mild developmental delay. The Childhood Autism Rating
Scale (CARS) score was 31. A diagnosis of autism spec-
trum disorder (ASD) was established in accordance with
the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5).
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Fig. 1. Sanger sequencing validation of the TH gene variants in the family members. Sanger validation was performed using reverse

sequencing; the bases displayed in the electropherogram correspond to the reverse complementary sequence of the target region.

The Care Checklist has been attached as Supplemen-
tary Material associated with this article.

3. Discussion

Most Chinese patients with Segawa syndrome are car-
riers of GCHI gene mutations [7]. The disease typically
presents between infancy and 12 years of age, with a mean
onset at approximately 6 years of age. A small proportion
of cases begin in adulthood. It accounts for 5%—10% of pri-
mary dystonias in children and adolescents [5]. However,
in the early stage, particularly in infancy, its atypical symp-
toms often result in misdiagnosis as cerebral palsy, early-
onset Parkinson’s disease, motor developmental delay, and
other types of dystonias. This frequently leads to delayed
treatment or overtreatment, and some patients may exhibit
obvious sequelae by the time of confirmed diagnosis [8].

The inheritance patterns of DRD include autosomal
dominant, autosomal recessive, and sporadic. To date, three
pathogenic genes have been identified: GCHI, TH, and
SPR. According to the literature, autosomal dominant DRD
caused by GCHI mutations accounts for an average of 65%
of cases [9], while autosomal recessive forms due to TH
and SPR mutations account for 10%—15%. In the present
case, the patient harbored compound heterozygous muta-
tions in the TH gene, with two heterozygous pathogenic
variants identified. To date, no reports of ¢.738-2A>G vari-
ant detected in the Asian populations have been recorded in
the Exome Aggregation Consortium (ExAC), Genome Ag-
gregation Database (gnomAD), and 1000 Genomes Project
databases. More than 60 types of TH mutations have been
reported thus far. In a study on TH deficiency involving a
sample of 36 subjects, the patients were classified based on
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the disease types: hypokinetic-rigid syndrome (type A) and
complex encephalopathy (type B) [10]. In this case, the
patient presented with oculogyric crisis (bilateral upward
deviation of the eyes), autonomic dysfunction (sleep dis-
order), motor developmental delay, and decreased muscle
tone shortly after full-term birth, which were consistently
characteristic of the manifestations noted in type B disease.
Levodopa is the first-line treatment for DRD [5,6]. Treat-
ment using levodopa is initiated at a low dose and gradually
titrated up to a therapeutic dose of 2—5 mg/kg/day, with a
maximum dose not exceeding 1000 mg/day (20 mg/kg/day
for children). The treatment should be continued for at
least 4 weeks, but can be discontinued if no response is ob-
served. The patient initially received routine rehabilitation
therapy for motor developmental delay upon presentation,
with unsatisfactory clinical improvement. After a defini-
tive genetic diagnosis was established at 5 months of age,
treatment with levodopa/benserazide hydrochloride tablets
was initiated. Subsequent follow-up demonstrated that both
physical growth and motor development of the patient were
consistent with those of age-matched peers. Given that lev-
odopa significantly improves the motor prognosis of TH-
related DRD and that untreated patients are at risk of even-
tual disability, clinicians should consider this diagnosis in
all patients presenting with dystonia or Parkinsonism. A
trial of low-dose levodopa may be warranted when neces-
sary.

The TH gene is located at 11p15.5, containing 14 ex-
ons and encoding 497 amino acids. Tyrosine hydroxylase
(TH) serves as the rate-limiting enzyme in the biosynthe-
sis of catecholamines, including dopamine, norepinephrine,
and epinephrine [7]. This enzyme catalyzes the conversion
of tyrosine to L-dopa, representing the most critical step
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in dopamine biosynthesis. Diminished dopamine synthesis
directly gives rise to a spectrum of clinical abnormalities,
including impaired regulation of muscle tone and coordi-
nated movements, emotional and behavioral disturbances,
cognitive developmental deficits, and suppressed secretion
of gonadotropins [11]. Dopamine also plays a pivotal regu-
latory role in early brain development, encompassing neu-
ronal migration, differentiation, and synaptic plasticity. TH
deficiency should therefore be regarded as a complex neu-
rodevelopmental disorder, in which ASD-like behavioral
features may represent a prominent behavioral manifesta-
tion of its underlying neurodevelopmental impairment. For
families of children harboring TH mutations, preparation is
required to address more complex medical and rehabilita-
tive needs.

Comorbidities such as intellectual disability, anxiety,
and depression are common in DRD; however, only one
case of DRD complicated with ASD has been reported so
far. When the child in this case was admitted at 3 months
of age, no social smile could be elicited. During follow-up,
the child gradually developed sialorrhea, dysarthria, lan-
guage developmental delay and social impairment accom-
panied by hyperactivity. The diagnosis of ASD was con-
firmed by a developmental and behavioral specialist based
on clinical evaluation and the Childhood Autism Rating
Scale (CARS).

The relationship between DRD and sleep disorders
has received increasing attention in recent years. Although
DRD is mainly characterized by dystonia and motor symp-
toms, a study has shown that children with this disease
may also experience various sleep-related problems [12].
The possible cause is related to dopamine dysfunction.
Dopamine plays an important role in regulating the sleep-
wake cycle. In children with DRD, dysregulated or im-
paired dopamine biosynthesis leads to reduced dopamine
levels, which may adversely affect their sleep quality and
architecture. In addition, due to dystonia, they may suffer
from frequent nocturnal awakenings, which lead to sleep
fragmentation and difficulty in continuous deep sleep.

Autism spectrum disorder (ASD) is a common neu-
rodevelopmental disorder in children with an unknown eti-
ology, and its reported incidence has shown an upward tra-
jectory in recent years. The 2023 report from the US. Cen-
ters for Disease Control and Prevention (CDC) estimated an
incidence of 1 in 36 individuals, while in China, it is approx-
imately 0.7% [13,14]. Several factors may contribute to
the upward trend of ASD incidence among children. First,
increased awareness of ASD among society, families, and
medical institutions has facilitated earlier identification and
reporting of ASD symptoms. Second, the diagnostic crite-
ria for ASD outlined in the Diagnostic and Statistical Man-
ual of Mental Disorders, Fifth Edition (DSM-5) are broader
and more inclusive, covering a wider spectrum of mild and
high-functioning autism. Finally, environmental factors,
such as maternal infection and drug exposure, may con-
tribute to an elevated risk of ASD.

In the present case, the patient presented with auto-
nomic dysfunction, oculogyric crisis, motor developmen-
tal delay, and social impairment. After implementing a
range of assessments, a final diagnosis of DRD compli-
cated with ASD was made. Genetic testing results identi-
fied both ¢.738-2A>G and ¢.698G>A (p.Arg233His) vari-
ants, thereby confirming the diagnosis. To date, no reports
have described the coexistence of DRD and ASD in asso-
ciation with these specific variants. This case underscores
the importance of close follow-up in children with DRD to
facilitate the detection of potential comorbid ASD.

4. Conclusion

For infants and young children, particularly those with
symptom onset within the first year of life and present-
ing with delayed motor development, hypotonia of the
trunk and extremities, and decreased voluntary movements,
dopa-responsive dystonia (DRD) should be considered, ir-
respective of the presence of dystonia. Clinicians should
maintain a high index of suspicion of this disorder to facil-
itate early identification and subsequently prescribe timely
treatment with levodopa/benserazide therapy, which most
patients show a favorable response. Families of children
with TH gene mutations should be prepared for more com-
plex medical and rehabilitation needs. Meanwhile, inten-
sive follow-up is warranted to monitor for potential comor-
bid neurodevelopmental disorders.

Learning Points

* Clinicians must prioritize DRD screening for pedi-
atric patients with early-onset motor delay, generalized hy-
potonia and diminished spontaneous movements, even in
the absence of typical dystonic manifestations.

* This case demonstrates that genetic testing enables
the definitive diagnosis of infantile-onset DRD charac-
terized by motor developmental delay and truncal and
extremity hypotonia with a favorable response to lev-
odopa/benserazide treatment, highlighting the importance
of early genetic diagnosis and intervention for infants with
dystonia accompanied by decreased muscle strength and
tone.

* TH deficiency represents a complex neurodevelop-
mental disorder with motor, cognitive, behavioral and auto-
nomic phenotypic spectrums, as evidenced by this patient’s
comorbid ASD.
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