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Abstract
Background  Maple Syrup Urine Disease (MSUD) is a rare inherited disorder of metabolism, which manifests early in 
life in classical forms. Recurrent illness and exertion aggravate neurotoxicity. This case highlights MSUD diagnosed in 
association with COVID-19 complications from Nepal.

Case presentation  We present a case of a 4-month-old child with a biochemical diagnosis of flared-up MSUD. 
Initially presenting with chief complaints of fever, noisy breathing, chest retraction, cough along with lethargy and 
poor feeding since the first week of life, the child also had developmental delay with feeble neck holding and absent 
social smile. The child was diagnosed with COVID-19 pneumonia and admitted in the Intensive Care Unit, requiring 
mechanical ventilation for 12 days. Despite the clinical resolution of pneumonia, the child had multiple episodes 
of generalized seizures and was sickly and frail. An incessant peculiar odor emanating from the child led to strong 
suspicion of metabolic disorder. Qualitative screening for amino acids (FeCl3 and 2,4-dinitrophenylhdrazine/DNPH) 
in urine and further gas chromatography-mass spectrometry revealed increased branched-chain amino acids(valine, 
leucine, and isoleucine). With dietary restrictions, the child was doing well. However, unfortunately, after 10 days of 
discharge, the child succumbed to death.

Conclusions  This case highlights the outpouring of hidden metabolic disorders with the onset of new diseases. It 
could have been detected and managed earlier with expedited neonatal screening and proper intervention.
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Background
The metabolism of branched-chain amino acids (leu-
cine, isoleucine, and valine) is required for protein syn-
thesis and cell signaling [1]. Maple Syrup Urine Disease 
(MSUD) is a rare inherited autosomal recessive disorder 
caused by a deficiency of branched-chain alpha-ketoacid 
dehydrogenase complex (BCKDC). It manifests as the 
inability of body to metabolize branched-chain amino 
acids leading to a typical odor of burnt sugar in urine and 
other body fluids. It affects around 1 in 185,000 births 
[2]. The first case of MSUD was described by Menkes et 
al. [3] in 1954 associated with cerebral dysfunction and 
accumulation of abnormal urinary substances compris-
ing of leucine, isoleucine, valine, and their correspond-
ing alpha-ketoacids and alloisoleucine [4, 5]. Without 
intervention, buildup of these toxic metabolites leads to 
neurotoxicity [6]. The mainstay of management of this 
metabolic disorder is dietary restriction and conscien-
tious metabolic monitoring with a favorable prognosis, 
however metabolic crises due to trauma, infections or 
fasting can aggravate the condition with grave outcomes 
[6]. The advent of tandem mass spectrometry (MS/MS) 
has expedited the timely diagnosis of metabolic disor-
ders initiating early interventions. Here, we present a 
case of an infant with a biochemical diagnosis of flared-
up MSUD along with COVID-19 infection in a limited 
resource-setting, who faced an unfortunate outcome due 

to delayed diagnosis and precipitation of symptoms as a 
result of recurrent illness.

Case presentation
A 4-month-old male infant of Tamang ethnicity was 
referred to the pediatric ward at our center. The child 
presented with fever, noisy breathing, chest retraction, 
and cough for 4 days along with lethargy and poor feed-
ing since the first week of life. He also had developmen-
tal delays in the form of feeble neck holding and absent 
social smile (Fig. 1).

The baby was born to a 32-year-old primigravida 
mother via spontaneous vaginal delivery at a local hospi-
tal, weighed 3200 g and was reported to have delayed cry 
at birth. He had no significant issues until the third day 
of life when he developed lethargy and multiple episodes 
of generalized seizures, for which he was admitted to a 
Children’s hospital. There were no signs of respiratory 
distress or neonatal sepsis. In family history there was no 
kinship, however his father was on anti-epileptic medica-
tion. The child was treated with intravenous antibiotics 
(Ampicillin-200  mg/kg/day) and anti-epileptic (Levet-
eracetam-20 mg/kg/day). For evaluation of the etiology of 
seizure, a contrast-enhanced magnetic resonance imag-
ing (MRI) of brain was done which showed features of 
hypoxic ischemic encephalopathy and cerebral edema. 
An electroencephalogram (EEG) examination revealed 
normal sleep waves with no epileptiform discharge. The 
guardian refused to proceed with further investigation 
and left against medical advice after a 20-day stay at the 
hospital.

Later at 4 months of age, the child presented with 
respiratory distress, poor feeding, and fever reaching a 
maximum of 104  °F. On examination, he was lethargic, 
pale, and dehydrated with cold peripheries. There was 
no cyanosis, icterus, lymphadenopathy, or edema. On 
vitals examination, he was afebrile but had tachycar-
dia (167  bpm), tachypnea (70 breaths/min), and oxygen 
saturation of 97% with Continuous Positive Airway Pres-
sure (CPAP) at 5 cm of H2O. Anthropometric measure-
ments showed a weight of 4  kg, length of 54  cm, and 
head circumference of 35 cm, all of which fell below − 3 
Z-score according to the WHO growth chart indicating 
failure to thrive and microcephaly. On chest examina-
tion, pectus carinatum and severe subcostal retractions 
were observed with bilateral diffuse crepitations heard on 
auscultation. On neurological examination, he was dys-
tonic with opisthotonus posturing and exaggerated deep 
tendon reflexes in the initial two weeks but later devel-
oped decreased tone of all limbs with absent reflexes. On 
abdominal examination, there was hepatomegaly with 
liver palpable 3 cm below the right costal margin which 
later increased up to 5 cm. His throat swab RT-PCR was 
positive for COVID-19. The child was admitted to the Fig. 1  Photograph of the child
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Pediatric Intensive Care Unit and received mechanical 
ventilation for 12 days. During this period, he also devel-
oped ventilator-associated pneumonia and was admin-
istered multiple antibiotics due to protracted disease 
course, namely Colistin (50000 units/kg 8 hourly), Oflox-
acin (15  mg/kg/day), Voriconazole (9  mg/kg 12 hourly) 
and Azithromycin (10 mg/kg/day).

The biochemical parameters showed decreased ran-
dom glucose (3.1 mmol/L) suggesting mild hypoglyce-
mia, urea (1.6 mmol/L), creatinine (11µmol/L), sodium 
(131 mEq/L), potassium (5.2 mEq/L) and total calcium 
(2.4 mmol/L) under normal limits except for magne-
sium (0.7  mg/dl) which was low. Liver function tests 
were within normal limits. Blood and CSF cultures 
were sterile. IgG, IgA, IgM, and IgE levels were normal. 
Venous blood gas showed respiratory alkalosis (pH:7.51; 
pCO2:15.9 mmHg; HCO3

−:12.5 mEq/L) with metabolic 
compensation and normal lactate level (1.3 mmol/L). The 
child was extubated after 12 days and shifted to pediat-
ric ward after partial clinical and radiological resolution 
of pneumonia. During the hospital stay, he developed 
multiple subtle seizures consisting of uprolling of eyes, 
vacant stares, and had slow improvement in terms of 
activity and feeding with loss of body weight upto 3.2 kg 
from an initial 4  kg at presentation. He also constantly 
exuded a peculiar body odor. Hence, a strong suspicion 
of metabolic disorder was made, and a urine sample was 
sent to the biochemistry laboratory.

On screening for carbohydrates, the sample tested neg-
ative. However, using the battery of tests for amino acid 
screening, the urine was positive for ketone bodies along 
with positive ferric chloride test and 2,4-dinitrophenyl-
hydrazine test indicating the presence of branched-chain 
amino acid in urine (Fig. 2). Following this, the patient’s 
urine sample was sent for amino acid screening to a ref-
erence laboratory, which indicated increased concen-
tration of branched-chain amino acids; Leucine 1702 
µmol/g creatinine (Ref: 37–253 µmol/g creatinine), Iso-
leucine 1661 µmol/g creatinine (Ref: 22–159 µmol/g 
creatinine), Valine1095 µmol/g creatinine (Ref: 60–280 
µmol/g creatinine), and Threonine 2858 µmol/g creati-
nine (Ref: 67–1380) µmol/g creatinine while, a decrease 
in Alanine 281 µmol/g creatinine (Ref: 608–2918 µmol/g 
creatinine), Glutamic acid 61.6 µmol/g creatinine (Ref: 
65–1155 µmol/g creatinine), and Tryptophan 56.6 
µmol/g creatinine (Ref: 76–388 µmol/g creatinine) using 
gas chromatography-mass spectrometry (GC-MS) tech-
nique (Supplementary Table 1).

Discussion and conclusions
There are only a few cases of metabolic disorders 
reported in Nepal and to the best of our knowledge no 
case of MSUD has been reported as of yet in Nepal-
ese population. There is no established governmental 
consensus in diagnostic screening for inborn errors of 
metabolism (IEMs) in Nepal. Communicable diseases 
and malnutrition are kept under high priority to address 

Fig. 2  (A) Positive DNPH test (Left: negative control, Right: test); (B) Positive Ferric Chloride test (Left: test, Right: negative control)
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neonatal health in Nepal, while congenital disorders are 
still shadowed and there are no adequate policies for 
screening these disorders. With limited reporting, there 
is also a higher propensity of delay in the required inter-
vention. Few cases highlight the need for consideration of 
amino acid metabolism disorders in identifying subclini-
cal diseases that might be exacerbated by casual stressors 
[7].

In classic MSUD, individuals appear normal at birth 
but slowly develop acute metabolic decompensation over 
the first few weeks. MSUD is caused due to a biallelic 
loss of function mutation in the gene encoding BCKDC 
subunits. As a result, there is a toxic accumulation of 
BCAAs and BCKAs which presents as acute severe keto-
acidosis and neurological symptoms like apnea, seizure, 
coma, and chronic outcomes like poor feeding, ataxia, 

encephalopathy, as well as intellectual disability due to 
impeded neurotransmitter stores [8].

In MSUD patients, it is postulated that due to 
the reverse flux mechanism, elevated BCKAs incite 
decreased levels of glutamate and increased BCAAs 
(especially leucine) as well as α-ketoglutarate (Fig.  3) 
[5]. Acute elevation of the alpha-keto acids and leucine 
causes metabolic encephalopathy and cerebral edema [9].

The excess of α-ketoglutarate, in turn, consumes the 
brain aspartate level via the enzyme activity of aspar-
tate aminotransferase that eventually replenishes glu-
tamate. However, excessive valine and isoleucine with 
their anaplerotic role restore the intermediates of the 
tricarboxylic acid (TCA) cycle through succinyl co-A for-
mation. Henceforth, with an accelerated TCA cycle, the 
sources of α-ketoglutarate also get exhausted for gluta-
mate regeneration [5]. Furthermore, increased glycolysis 

Fig. 3  Biochemical changes in MSUD: (A) Enzyme defect in MSUD causes accumulation of ketoacids and reverse flux reaction producing increased 
α-ketoglutarate; (B) α-ketoglutarate is converted to glutamate and respective products via aspartate aminotransferase and alanine aminotransferase; (C) 
α-ketoglutarate, thus produced is quickly utilized in the Kreb’s cycle via anaplerotic role of isoleucine and valine by production of succinyl coA; (D) BCAA 
competes with other amino acids that utilize the same transporter to enter into brain cells
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for ATP generation rapidly drives lactate formation. 
MSUD is often associated with decreased levels of phe-
nylalanine, tyrosine, tryptophan, and methionine in the 
brain. A shrinkage in these essential amino acid pools is 
accounted for due to the inherent competition of BCAA 
(especially leucine) for the entry of these amino acids into 
brain via a large neutral amino acid transporter (LAT1, 
encoded by SLC7A5) [10]. Impaired regulation of the 
level of these amino acids leads to brain dysfunction and 
various neurological manifestations in MSUD.

In our case, the child was also diagnosed with severe 
COVID-19 pneumonia. SARS-CoV-2 infection causes 
long-term dysregulation of Tryptophan absorption from 
the intestines due to an Angiotensin-converting enzyme 
2 (ACE2) imbalance in the gastrointestinal system [11]. 
Kynurenine pathway (KP) activation results in Trypto-
phan depletion leading to a potential central serotonin 
deficiency [12]. Thus, COVID-19 may also be the culprit 
for low serum and muscle tryptophan levels, as well as 
elevated kynurenine levels. The neurotoxicity in MSUD 
is exacerbated by recurrent illnesses and infections. How-
ever, the coexistence of COVID-19 in our case might be 
a mere coincidence and further evidence regarding the 
association seems necessary.

Using the GC-MS technique in other south-east Asian 
countries, a considerable proportion of the study popu-
lation was diagnosed with MSUD in Malaysia [13] and 
India [14]. Preliminary qualitative screening like urinary 
DNPH tests are considered as early indicators of underly-
ing disease in few studies. The identification of suspicious 
MSUD in our case is only based on qualitative screening 
and mass spectrometric analysis. Confirmatory diagno-
sis is made by the study of mutational analysis. It is high 
time early diagnosis and interventions of these prevent-
able congenital disorders are brought up to be noticed 
publicly and addressed at policy levels.

Inborn errors of metabolism (IEMs) are rare disorders 
but when not perceived timely, trigger chaotic metabolic 
crises and sprout subclinical diseases. Studies illuminate 
that if MSUD is detected by the 11th day, dietary regula-
tion and careful monitoring of urinary keto-acid concen-
tration can control the condition with a better prognosis 
[15]. With appropriate dietary management and early 
interventions aided by qualitative screening tests in 
resource-limited settings, quality of life in MSUD can be 
improved. However, in Nepal due to a lack of advanced 
techniques, the late diagnosis as well as financial restric-
tions in enduring formulated diet results in increased 
mortality in IEMs. After discharge of the patient in our 
case with MSUD, unaware and unaffordable dietary regu-
lations might have aggravated the condition. The other 
major hindrance in low-and-middle income countries 
even after proper diagnosis is the availability of formu-
lated diet; however the risk of underdiagnosis can’t be 

overlooked. Therefore, keeping into account the gravity 
of problem, metabolic screening should be prioritized in 
national policies along with efforts in its management to 
ameliorate the neonatal mortality rates.
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