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ABSTRACT

Isovaleric acidemia (IVA) is a rare autosomal recessive disorder that manifests as a deficiency of isovaleryl-CoA dehydrogenase (IVD), a key enzyme in leucine
metabolism. The clinical presentations associated with IVD deficiency are variable and include feeding intolerance, vomiting, metabolic acidosis, ketonemia, “sweaty
feet” odor, lethargy, coma and even death. Tandem mass spectrometry (MS/MS) and gas chromatography-mass spectrometry (GC/MS) methods were used to
perform organic acid analysis of blood and urine samples from IVA patients, and the genetic analysis included next generation sequencing (NGS) and Sanger
sequencing of the IVD gene. Here, we report the case of an almost seven-year-old male patient from a Chinese family who was asymptomatic during the newborn
period, including the clinical manifestations and examination results. Genetic analysis revealed a previously unreported compound heterozygous variant in the IVD

gene: ¢.593G > C (p.W198S) and ¢.859C > T (p.R287W).

1. Introduction

Isovaleric acidemia (IVA, OMIM #243500) is an autosomal recessive
and heterogeneous disorder attributed to isovaleryl CoA dehydrogenase
(IVD, E.C.1.3.99.10) deficiency, which results in the accumulation of
isovaleric acid (C5-carnitine), 3-hydroxyisovaleric acid and iso-
valerylglycine (IVG) [1-4].

IVA, the first identified organic acidemia disorder, was initially
described in 1966 through the detection of urinary metabolites by gas
chromatography-mass spectrometry (GC/MS) [5]. Global epidemiology
statistics for IVA indicate considerable differences in IVA depending on
ethnicity and dietary variables [6-9]. Following the implementation of
newborn screening (NBS) by MS/MS in mainland China, the incidence of
IVA has been reported to range from 1:84,469 to 1:160,000 in the
Chinese population [9].

The clinical presentation of IVA varies greatly and includes the early-
onset acute neonatal form, the late-onset chronic intermittent form and
the asymptomatic form. Individuals with IVA typically present with
feeding intolerance, vomiting, metabolic acidosis, ketonemia, “sweaty
feet” odor, lethargy, coma and even death [10]. For patient with more
severe disease, the current treatment is a low-protein diet with leucine
restriction combined with r-carnitine and L-glycine administration to
scavenge accumulated toxins [11].

Here, we reported the case of a child who was diagnosed with mild,
chronic IVA. We identified two novel variants of the IVD gene in this

patient.
2. Case presentation

The patient, an almost 7-year-old boy from nonconsanguineous
healthy parents, was delivered at 40 weeks of gestation under normal
birth conditions in Xuzhou. The boy weighed 3.5 kg at birth and was the
mother’s first pregnancy. After an uncomplicated delivery, the child
exhibited acceptable cardiorespiratory adaptation and breastfed
adequately. The first NBS was performed by a local community pedia-
trician at the age of 5 days, and the findings were abnormal.

The initial NBS revealed a C5-carnitine concentration of 11.45 mol/L
(reference range, 0.04-0.6 mol/L), and repeated screening following
admittance to the pediatric outpatient unit showed an increase to 15.25
mol/L at 30 days of age. Simultaneously, urine organic acid analysis by
GC/MS revealed increased excretion of IVG (80.54-89.80 mmol/mmol
creatinine, normal value<0.4 mmol/mmol creatinine), and the patient
was sent home with medication and an outpatient follow-up
appointment.

Two previously unreported compound heterozygous variants of the
IVD gene, ¢.593G > C (p.W198S) and ¢.859C > T (p.R287W), were
confirmed through genetic analysis. Sanger sequencing was used to
validate the inheritance of the variants (Fig. 1). The p.W198S variant
was inherited from his mother, whereas the p.R287W variant was
inherited from his father. Three-dimensional protein modeling of the
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variations and assessment of the conservation of the identified amino
acids across numerous species were also performed. Online tools,
including PolyPhen2, Sorting Intolerant From Tolerant (SIFT), and
Mutation Taster, and the American College of Medical Genetics and
Genomics (ACMG) classification system, were used to calculate the
pathogenicity scores (Table 1).

After the diagnosis of IVA, the patient was administered 100 mg/kg/
day of r-carnitine, which stabilized the free carnitine plasma concen-
tration at 30-60 pmol/L. In addition, the parents were provided with
instructions to implement a balanced dietary protocol for daily protein
restriction while avoiding low-protein malnutrition. This patient
benefited from the use of leucine-free special formula milk powder. To
date, the findings from clinical follow-up visits have been unremarkable,
and longitudinal biochemical monitoring of blood C5-carnitine levels
during 1-carnitine treatment was performed. The GC/MS results showed
steadily normalizing urinary excretion of IVG during treatment.

3. Discussion

IVA, a common type of organic acidemia, is an inborn error caused
by a deficiency of IVD in leucine catabolism. The clinical manifestations
of IVA exhibit diverse presentations, including asymptomatic, chronic
intermittent, and acute neonatal forms. Chronic intermittent IVA
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commonly manifests as developmental delay or failure to thrive with
onset in infancy or childhood. However, early identification and inter-
vention play a critical role in preventing mental impairment and
improving IVA patient outcomes.

The IVD gene encodes a 421-amino acid protein with a molecular
weight of 46.5 kDa. The IVD protein comprises various functional
structures, and the amino acid regions 123-159 and 356-403 corre-
sponding to o-helices in the N-terminal domain near the monomer
center and the C-terminal domain end, respectively, are conserved
across different species. FAD binding sites were identified in the UniProt
database within the amino acid regions 165-174 and 380-384, and the
pathogenic variant distribution mainly clustered near these FAD binding
sites. Moreover, asymptomatic hot regions at amino acids 282-318,
which are distant from the FAD binding sites, may have minimal impact
on protein function [12].

To date, over 90 the pathogenic variants of IVD have been identified,
and the sites vary dramatically in different ethnic groups worldwide
[13,14]. For example, according to recent studies, c.1208 A > G (p.
Y403C) is considered as a potential common variant in the Han Chinese
population [15]. The variant hotspot sites in patients from mainland
China and Taiwan are residues 53, 120, 214, 339, 371, 395, 398, and
403 [16]. However, these findings are limited by a lack of reports from
mainland China, suggesting that previous studies on IVA need to be
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Fig. 1. Bioinformatics analysis of IVD variants in an individual with confirmed IVA. A. The gene variations were validated using Sanger sequencing. B. Structure of
the IVD protein. C—D. Conservation of the identified amino acids across diverse species and the 3D models for wild-type IVD and IVD with the identified missense
variants at site 198 and site 287 in our patient with isovaleric acidemia (IVA).
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Table 1
The pathogenicity predicted using online tools.
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Nucleotide change Amino acid change Parental derivation

Pathogenicity prediction

Polyphen2 (score) SIFT Mutation taster (score) ACMG
¢.593G > C p.W198S Maternal Probably damaging (1.000) Deleterious Disease causing (~1.000) Uncertain
¢c.859C > T p.R287W Paternal Probably damaging (1.001) Deleterious Disease causing (1.000) Uncertain

further expanded. Here, two novel variants located in the IVD gene were
identified, expanding the molecular genetic spectrum associated with
IVA.

The novel variants p.W198S and p.R287W of the IVD gene resulted in
significant accumulation of the toxic metabolite C5-carnitine in the
blood, which was identified by NBS in our center. The patient with
confirmed compound heterozygous variants presented with a neonatal-
onset form of IVA because the variants interfered with the activity of the
IVD enzyme. However, the genotype-phenotype relationship for the two
new missense variants is not yet known [3]. Remarkably, positions 198
and 287 of the IVD gene are highly conserved among different species. In
our protein model analysis, the tryptophan at position 198 was altered
to serine, which decreased steric hindrance in the absence of a benzene
moiety. Simultaneously, replacement of the conserved basic amino acid
arginine with neutral tryptophan at position 287 resulted in abnormal
folding of the IVD protein. The surface charge alterations and steric
hindrance caused by tryptophan might inactivate enzymes [17].

4. Conclusion

In summary, we report an individual with IVA who was identified
with NBS. Sequencing analysis confirmed that the compound hetero-
geneous IVD variants ¢.593G > C (p.W198S) and ¢.859C > T (p.R287W)
are novel variants, and these two missense variants may inactivate en-
zymes by altering conserved amino acids.
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