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A B S T R A C T

Short-chain enoyl-CoA hydratase (ECHS1) is a mitochondrial beta-oxidation enzyme involved in the metabolism
of acyl-CoA fatty acid esters, as well as in valine metabolism. ECHS1 deficiency has multiple manifestations,
including Leigh syndrome early at birth or in childhood with poor prognosis, to cutis laxa, exercise-induced
dystonia and congenital lactic acidosis.

Here we describe the case of a newborn with mutations in ECHS1 that caught our attention after the in-
cidental finding of 3-hydroxy-butyryl\3-hydroxy-isobutyryl\malonylcarnitine (C4OH\C3DC) and tiglylcarnitine
(C5:1) on blood spot in the newborn screening (NBS) program. Diagnosis was suspected based on the analysis of
organic acids on dried urine spot. A moderate increase of 2-methyl-2,3-dihydroxybutyric acid, was detected,
which is a known marker of this disease. Exome analysis showed c.404A>G (p.Asn135Ser) mutation in
homozygosis in the ECHS1 gene. The child was therefore admitted to the hospital. Initial examination showed
little response to auditory stimuli and mild hypertonia of the extremities. Clinical deterioration was evident at
4 months of age, including neurological and cardiac involvement, and the patient died at 5 months of age. This
case illustrates how an incidental detection in the NBS Program can lead to the diagnosis ECHS1 deficiency.
Although it is a severe disease, with no treatment available, early detection would allow adequate genetic
counseling avoiding the odyssey that suffered most of these families.

1. Introduction

Short-chain enoyl-CoA hydratase (ECHS1; EC 4.2.1.17) is a mi-
tochondrial beta-oxidation enzyme involved in the metabolism of acyl-
CoA fatty acid esters [1]. In addition, it plays a role in the catabolism of
isoleucine and valine, converting methacryloyl-CoA to 3-hydroxy-iso-
butyryl-CoA, and acryloyl-CoA to 3-hydroxypropionyl-CoA [2]. ECHS1
deficiency is an autosomal recessive disease caused by mutations in
ECHS1. Although is not fully proven, high concentrations of metha-
cryloyl-CoA and acryloyl-CoA are believed to impair the pyruvate

dehydrogenase complex and the mitochondrial respiratory chain [3].
So far, ECHS1 deficiency has been reported in 40 individuals, within 31
families, from different ethnic backgrounds and geographical locations
[4]. Biochemically, the disease presents with increased levels of 2-me-
thyl-2,3-dihydroxybutyric acid in urine [2]. Moreover, some of the
patients also present high excretion of 3-methylglutaconic acid [5,6],
while others present with lactic acidosis [3,7,8]. Additionally, altera-
tions of the acylcarnitine profile have also been reported [9].

ECHS1 deficiency presents with a heterogeneous clinical phenotype,
ranging from fatal neonatal onset to adulthood forms [9]. The most
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common clinical manifestation is Leigh disease (MIM#256000). Other
clinical manifestations, such as cardiomyopathy [8,10], cutis laxa [11],
but also exercise-induced dystonia at older ages (8 to 17 years of age)
[12,13] have also been described for this disease.

Brain MRI findings includes T2 hyperintense signals in the basal
ganglia, as well as cerebral atrophy and agenesis of the corpus callosum
[3].

Most of the so-far reported variants are missense, but several loss-of-
function pathogenic variants have also been described [4]. The aim of
this work is to present the case of a newborn with mutations in ECHS1
detected incidentally through the Newborn Screening (NBS) Program of
Catalonia.

2. Case report

The child was the fourth son of consanguineous Maghreb parents,
who had no family antecedents except for two spontaneous abortions in
the first trimester of pregnancy. At birth, the newborn presented dys-
peptic stools, with suspicion of allergy to cow milk protein, and con-
tinued with exclusive breast feeding. The APGAR score was 8/10/10,
and the birth weight was 4080 g. (88 percentile). An increase of 3-
hydroxybutyryl\3-hydroxyisobutyryl\malonylcarnitine (C4OH\C3DC)
and of tiglylcarnitne (C5:1) on dried blood spots (DBS) in the neonatal
screening test was detected (Table 1).

Given these slight elevations, a second DBS and a dried urine spot
(DUS) were requested. Results in the second DBS, at 20 days of life,
showed normal levels of acylcarnitines (Table 1), but the profile of
organic acids on DUS showed a slight increase of 2-methyl-2,3-dihy-
droxybutyric acid, suggestive of ECHS1 deficiency or 3-hydoxy-iso-
butyryl-CoA hydrolase (HIBCH) deficiency. Therefore, the newborn was
admitted to the hospital for further testing. At admission, physical ex-
amination showed a lessened response to auditory stimuli and mild
hypertonia of the extremities. Analysis of urine organic acids confirmed
the increase of 2-methyl-2,3-dihydroxybutyric acid (13 mmol/mol
creatinine, CV<2) as well as the high levels of 3-methylglutaconic acid
(3MGA, 82 mmol/mol creatinine, CV<20) (Fig. 1), persistently in-
creased.

Pondoestatural and psychomotor development during the first
months of life were normal. At the age of 4 months, the child was ad-
mitted to the emergency unit due to loss of consciousness, food refusal,
and bloody stools. He presented poor general condition (with Glasgow
Coma Score of 9), skin pallor, and tachypnea. Routine biochemical tests
disclosed metabolic acidosis and a slight lactic acidosis (2.8 mmol/L;
Control value:< 2.1).

He required orotracheal intubation and mechanical ventilation.
Respiratory infection secondary to metapneumovirus was diagnosed.
After 48 h, he developed respiratory distress secondary to pneumonia
due to bacterial infection; 8 days after admission, acute myocarditis
with moderate-severe left heart dysfunction was detected. Magnetic
resonance imaging (MRI) (Fig. 2) showed cerebral and cerebellar
atrophy, signs of necrosis and atrophy in caudate, pallidum and pu-
tamen nucleus. T2 hyperintensity in cerebellar hemispheres with sub-
cortical and inferomedial predominance, were detected. Moreover, a

marked alteration of the white matter and of cerebellar hemispheres
were evident, suggesting Leigh syndrome. During the following days,
the child was irritable, lacked visual tracking, and had hyperreflexia,
axial hypotonia, and hypertonia, predominantly in the lower ex-
tremities. He was extubated 17 days after admission, but he presented a
new respiratory infection with progressive worsening, and died at
5 months of age.

Exome sequencing showed a change in homozygosity in exon 3 of
the ECHS1 gene (c.404A>G), which was confirmed by Sanger se-
quencing. The parents' segregation was also confirmed. This change
resulted in the substitution of asparagine for serine at position 135 of
the protein (p.Asn135Ser), which was not reported in Human Gene
Mutation Database (www.hgmd.cf.ac.uk) [14]. An updated figure
(Fig. 3) with the location of the previously reported ECHS1 missense
mutations has been added [14].

Predictors of pathogenicity (www.varsome.com) [15], based on the
guidelines of the American College of Medical Genetics (ACMG), and
additional criteria, particularly PM3 and PP4 [16] classified the variant,
c.404A > G, as likely pathogenic. In addition, another database,
ClinVar (www.ncbi.nlm.nih.gov/clinvar/) [17], also classified it as
likely pathogenic.

3. Material and methods

3.1. Acylcarnitine analysis on DBS

Acylcarnitines were analyzed by tandem mass spectrometry (MS/
MS) (Xevo TQD, Waters) using NeoBase™ Non-derivatized MSMS kit
(Perkin Elmer), as described by the manufacturer.

3.2. Organic acids analysis on DUS

Organic acids on urine or DUS were analyzed as their trimethylsilyl
derivatives (TMS) by gas chromatography–mass spectrometry (GS-MS)
(Agilent 7890A (GC)/ 5975C MS). The extraction procedure was per-
formed according to Tanaka et al. (1980) [18] with some modifications.
Briefly, 4 mL of saturated NaCl was added to DUS, and the mixture was
shaken for 30 min. After the addition of 7 μL internal standard (un-
decanodioic acid) and 275 μL of 4 N HCl, urine was extracted three
times with 2 mL ethyl acetate, and the organic phases were mixed and
evaporated under nitrogen gas at room temperature. Derivatization
with 90 μL of N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) at
60 °C for 30 min was performed, and 1 μL was injected into the GC/MS.

3.3. Molecular study

The genetic study was performed using the Nextera® DNA exome kit
(Illumina)

that analyzes mutations in the exons and flanking intronic regions of
the genome. The bioinformatic analysis was carried out using a self-
designed pipeline and the variants were annotated and interpreted
using the VariantStudio software version 3.0 (Illumina). The identified
variants were prioritized using different databases: 1000 genomes,
Exome Aggregation Consortium (ExAC), ClinVar, and Human Gene
Mutation Database (HGMD) [14,17,19,20] and predictive models of
pathogenicity: Varsome, Sorting Intolerant from Tolerant (SIFT) and
Polymorphism Phenotyping v2 (Polyphen-2) [15,21,22]. The variant
identified by exome sequencing (c.404A>G) was confirmed by Sanger
sequencing. Parents segregation was also confirmed by Sanger se-
quencing.

3.4. Discussion

Here, we report a newborn with mutations in ECHS1 detected for
the first time through the NBS Program. The MS transitions that caught
our attention corresponded to C5:1 and C4OH\C3DC, which were

Table 1
Acylcarnitines on dried blood spots at 3 and 20 days of life.

3 days of life 20 days of life

Acylcarnitines (μmol/
L)

Results Cut-off values
(p99.5)

Results Cut-off values
(p99.5)

C5:1 0.04 <0.02 0.02 < 0.02
C4OH\C3DC 0.73 <0.5 0.12 < 0.29
C2 6.5 8–60 3.31 2.9–39.8

C2, acetylcarnitine; C4OH\C3DC, 3-hydroxy-isobutyrylcarnitine/3-hydroxy-
butyrylcarnitine/malonyl-carnitine; C5:1, tiglylcarnitine.
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included in our panel of acylcarnitines for the detection of other dis-
eases. Currently, the method we use is a non-derivatized assay that is
not able to distinguish between isomers. Given this limitation, when
these acylcarnitines are elevated, we adopt the strategy of performing
organic acid analysis on DUS to establish the differential diagnosis
among the corresponding diseases. The increase of 2-methyl-2,3-dihy-
droxybutyric acid observed in the child's urine (Fig. 1) suggested a
possible defect of either a ECHS1 or HIBCH deficiency. The acylcarni-
tine profile normalized on the second blood spot, but repeated analyses
of organic acids in urine showed a persistent elevation of 2-methyl-2,3-
dihydroxybutyric acid and of 3MGA. Molecular studies established the
diagnosis of ECHS1 deficiency, and although the missense mutation
found in this neonate had not been formally proven to be disease-

causing, the pathogenic in silico prediction, as well as the clinical
phenotype and the organic acid profile, supported this diagnosis. In-
terestingly, this variant is located at protein position 135, close to
several other susbtitutions affecting an enoyl-CoA hydratase conserved
site (Fig. 3).

Secondary deficiencies of pyruvate dehydrogenase (PDH) and mi-
tochondrial respiratory chain activities have been reported in this de-
ficiency [5,10,23–25]. We could not measure these activities in our
patient, as no tissues were available, but the slight increase of plasma
lactate in addition to the elevated 3MGA in urine (Fig. 1) is in agree-
ment with a generalized mitochondrial dysfunction and supports the
observations made by others [3,5,6,9,26] suggesting that ECHS1 defi-
ciency is a novel disease to be included in the differential diagnosis of

Fig. 1. GC–MS of organic acids in urine of ECHS1 patient at 4 months of life.
A) Total ion chromatogram. B) Mass spectra of 2-methyl-2,3-dihydroxybutyric acid.
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3MGA aciduria [5].
As observed for our patient, the age of clinical onset is early at birth,

followed by a fatal prognosis in most of the described cases
[2,3,5,7,10,24,26,27], and although it has been reported that low va-
line diet and administration of antioxidants were of benefit in some
patients [13,28], these therapies were not considered in our patient,
because by the time we reached the diagnosis the clinical deterioration
was very severe.

It is worth considering that HIBCH deficiency shares the clinical
phenotype and some of the metabolic features with ECHS1 deficiency.
HIBCH deficiency is also characterized by Leigh syndrome and is like-
wise involved in valine pathway metabolism. HIBCH catalyzes the
conversion of 3-hydroxy-isobutyryl-CoA to 3-hydroxy-isobutyrate.
Consequently, a rise of plasma 3-hydroxy-isobutyryl-carnitine is de-
tected in this disease, while the levels in ECHS1 deficiency are normal
[29–31], making this metabolite appropriate for the differential diag-
nosis between both diseases. Our case was complicated by the fact that
3-hydroxy-isobutyryl-carnitine cannot be formally distinguished from
its isomer (3-hydroxy-butyryl-carnitine) or from the isobaric compound

(malonyl-carnitine). However, exome sequencing followed by filtering
of the genes of interest easily solved the diagnosis. Consequently, after
the diagnosis of ECHS1 was established, the only possibility for the
elevation of C4OH was 3-hydroxy-butyryl-carnitine, which is not a rare
finding since a hug peak of 3-hydroxybutyric acid was detected in urine
(Fig. 1). Interestingly, C4, one of the acylcarnitines most commonly
elevated in this disease [3,4,7,27] was normal in our patient, while
C5:1 (tiglylglycine), one of the metabolites that caught our attention in
the initial sample, might be elevated as a consequence of a block in the
catabolism of tiglyl-CoA in the Isoleucine pathway.

4. Conclusions

In sum, an infant child with mutations in ECHS1 was detected for
the first time through the NBS program. This is a severe disease with no
available treatment. The incidental elevation of C5:1 and C4OH\C3DC
and the strategy of analyzing organic acids on DUS led us to the sus-
picion of ECHS1 or HIBCH deficiencies, and exome sequencing estab-
lished the differential diagnosis of a disease that otherwise could have
been missed. Based on an accurate diagnosis, the child's family has now
access to genetic counseling.
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Fig. 2. MRI image at 4 months of age showing cerebral and cerebellar atrophy.

Fig. 3. Reported ECHS1 missense mutations. Protein scheme showing the amino acid substitutions associated to ECHS1 deficiency based on the variants annotated in
Human Gene Mutation Database [14]. Only missense variants are indicated. Splice site variants, frameshift and nonsense mutations are not represented. CS, enoyl-
Coa hydratase conserved site.⁎ Annotated in HGMD as a disease-associated polymorphism.⁎⁎ Variant reported in the present manuscript.
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