
Riboflavin (vitamin B2) is the solitary precursor 
for the biologically active cofactors known as the 
flavin mononucleotide (FMN) and flavin ade-
nine dinucleotide (FAD) molecules [1]. These 
cofactors are required in oxidation-reduction 
(redox) reactions and act as cofactors for the 
electron transfer flavoprotein (ETF) and its de-
hydrogenase (ETFDH) [2]. The ETF and ETF-
DH form electron transport pathways for at least 
12 mitochondrial flavoprotein dehydrogenases 
involved in amino acid, fatty acid, and choline 
metabolism [3]. Variations of the ETF or ETF-
DH cause multiple acyl-CoA dehydrogenation 
deficiencies (MADDs), and riboflavin metabo-
lism or transport genetic defects can also cause 
MADD or varying degrees of progressive  neuro-
degenerative diseases such as riboflavin trans-
porter deficiency (RTD) [3]. 

There are three human riboflavin transporter 
(RFVT) homologs: RFVT 1 to 3, encoded by 
genes SLC52A1 to SLC52A3, respectively [4]. 
RFVTs are widely distributed in the body and 
SLC52A1 is highly expressed in the placenta and 
intestine [3]. SLC52A2 is rather ubiquitously ex-
pressed, mainly in the brain, and, although 
SLC52A3 is most highly expressed in the testes, 
which also expressed in the intestine and pros-
tate [3]. There are three types of RTDs and these 
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are caused by autosomal dominant, heterozy-
gous (SLC52A1 [OMIM: 615026]), and auto-
somal recessive (AR), biallelic (SLC52A2 
[OMIM: 614707] and SLC52A3 [OMIM: 
211500 and 211530]) mutations corresponding 
to RTD1, RTD2, and RTD3, respectively [4]. 
Although 24 cases of RTD2 and 49 cases of 
RTD3 have been reported, only two cases of 
RTD1 have been reported so far [3-5]. The first 
case was published in 2007, and in 2011 a mater-
nal RTD was identified, caused by a heterozy-
gous microdeletion of the maternal SLC52A1, 
with transient neonatal-onset MADD [5]. The 
second case reported a transient neonatal-onset 
riboflavin-responsive MADD caused by mater-
nal riboflavin deficiency, with detection of het-
erozygous intronic variations of both the mater-
nal and fetal SLC52A1 [3]. To the best of our 
knowledge, this is the first case report of a homo-
zygous exon 3 deletion in SLC52A1 in an infant 
in the absence of maternal RTD. It may have oc-
curred due to AR inheritance via paternal hetero-
zygous exonal deletions and a 25% decrease in 
the concentration of DNA in exon 3 in the 
mother, a mosaic heterozygous exon 3 deletion 
that could affect the homozygous deletion of 
exon 3 in the patient was considered. 

A previously healthy 4-month-old girl present-
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ed to our hospital with repeated seizures. Two days prior to pre-
senting to the hospital, while she was asleep in the car on a family 
trip, she experienced left eyeball deviation accompanied by a gen-
eralized tonic-clonic seizure lasting for 2 minutes. On the day of 
her visit, when she woke up from a nap, she experienced, for 1 
minute, a focal clonic seizure of the right extremities. Her con-
sciousness recovered well and no febrile illness was observed be-
fore and after these two episodes. At the time of the hospital visit, 
her blood pressure, pulse rate, respiratory rate, body temperature, 
and oxygen saturation were 80/50 mm Hg, 124 beats/minute, 32 
breaths/min, 36.9℃, and 97%, respectively. 

The infant was born, by cesarean section, at the gestational age 
of 38+1 weeks, weighing 3,300 g. There were no prenatal or perina-
tal problems. Tandem mass spectroscopy was normal and she 
showed normal growth and development. There was no family 
history of seizures or other neurologic diseases. Her body weight, 
height, head circumference, and neurologic examination were 
within the normal range. 

Blood biochemical analysis revealed white blood cell 10,840/
mm3, hemoglobin 11.5 g/dL, platelet 467,000/mm3, C-reactive 
protein 0.063 mg/dL, aspartate aminotransferase 59 IU/L, alanine 
aminotransferase 61 IU/L, and glucose 121 mg/dL. Electrolytes 
levels were normal. Venous blood gas analysis showed compensated 
metabolic acidosis with pH 7.275, PCO2 36.3 mm Hg, bicarbonate 
17.0 mmol/L, base excess –8.4, and elevated ammonia 170 μmol/L. 
No specific lesion was observed in the brain magnetic resonance 
imaging, and electroencephalography (EEG) showed interictal epi-
leptiform discharges (IEDs) over the midline central region. 

Hyperammonemia was considered due to the transient eleva-
tion after the seizure. Epilepsy was the suspected diagnosis and we 
started administering oxcarbazepine. After an intravenous infusion 
of 5% dextrose water with electrolytes throughout the day, serum 
ammonia decreased to 94 μmol/L. However, after the discontinua-
tion of the dextrose fluid with full enteral feeding, ammonia level 
became elevated, at 208 μmol/L on day 2. Treatment of hyperam-
monemia was initiated, with fasting for 24 hours and sufficient ad-
ministration of glucose to prevent additional hyperammonemia 
via protein catabolism. In addition, nitrogen scavenger arginine 
was administered intravenously and carnitine was administered to 
buffer toxic acyl-CoA intermediates. On day 3, serum ammonia 
decreased to 58 μmol/L and feeding resumed. Serum ammonia 
was maintained as 52 to 74 μmol/L for a month thereafter. A meta-
bolic workup for serum and urine taken to find the cause of hyper-
ammonemia showed normal results. Gene panel tests for inborn 
errors of metabolism and epilepsy did not detect any gene muta-
tions. A variation was observed on partial exome sequencing for 
5,447 genes using copy number variation (CNV) analysis based 

on the human GRCh37: 17p13.2(4936243-4937911) × 1, 1.7kb, 
containing SLC52A1 exons 2, 3, 4, 5. During the CNV analysis, 
statistically meaningful values were derived by comparing the se-
quencing depths with other sample data; the eXome-Hidden Mar-
kov Model (XHMM) algorithm was used for the analysis (PMID: 
23040492). Subsequent droplet digital polymerase chain reaction 
(ddPCR) revealed a homozygous exon 3 deletion in SLC52A1 and 
heterozygous deletions in exons 1, 2, 4, and 5 (Fig. 1). Finally, the 
patient was diagnosed with RTD1 and started taking additional ri-
boflavin. Targeted CNV analysis and ddPCR of her parents re-
vealed heterozygous deletions in exons 1–5 of SLC52A1 in her fa-
ther and a 25% decrease in the concentration of DNA in exon 3, 
which was suggestive of a mosaic heterozygous exon 3 deletion 
that could affect the homozygous deletion of exon 3 (Fig. 1). Her 
brother had no mutation. Thus, the proband’s phenotypic charac-
teristics may be attributed to the homozygous single exonal dele-
tion of SLC52A1 with a probable underlying AR inheritance. This 
study was approved by the Institutional Review Board (IRB) of 
Kosin University Gospel Hospital (IRB no., 2020-06-014). In-
formed consent was waived due to the retrospective nature of the 
study.  

Since then, she has been seizure-free and her development has 
been normal. We continued oxcarbazepine therapy because of oc-
casional IEDs identified in the EEG, which may be caused by mild-
ly sustained hyperammonemia, and might lead to seizure recur-
rence. Serum ammonia remained between 57 and 61 μmol/L for 
about 18 months. She is currently 22 months old, with a head cir-
cumference in the 5th percentile, and takes 100 mg of riboflavin, 
900 mg of carnitine, and 96 mg of oxcarbazepine per day. After in-
creasing riboflavin dosing to 100 mg per day, her serum ammonia 
dropped to 44 μmol/L; therefore, we planned to discontinue ox-
carbazepine treatment if her serum ammonia and EEG findings 
were maintained within the normal limits. RFVT3 plays a major 
role when riboflavin is absorbed into the epithelial cells of the small 
intestine. Afterward, riboflavin migrates to the bloodstream, either 
assisted by RFVT1 or RFVT2, or directly through conversion to 
the FAD coenzyme via FMN [3]. RFVT2 plays a major role in 
blood-brain barrier passage, for reaching the brain tissue [3]. When 
the maternal riboflavin passes through the placenta, RFVT1 be-
comes the only way to the fetus [3]. If a maternal RTD1 exists, fetal 
MADD may occur, sometimes causing fetal death in fatal cases [3]. 
When RTD1 presents only in a child, transport of riboflavin from 
small intestinal epithelial cells into the blood would be partially im-
paired, because of the transportation by RFVT2 or direct passing 
through conversion to FAD [1]. This is why an RTD1 without 
maternal RTD1 displays relatively mild symptoms and an infant 
with RTD1 can be treated effectively. In this case, RTD1 was diag-
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nosed in an infant, without maternal riboflavin deficiency, and 
gene testing suggested paternal inheritance in the initial diagnosis. 
Her father was healthy and had no symptoms related to this muta-
tion. The homozygous deletion in exon 3 of SLC52A1, which was 
only found in the proband, may have accounted for her symptoms, 
especially when her parents were asymptomatic. In two previously 
reported cases of RTD1, both mothers were also symptom-free 
and the infant with RTD1 were treated until 3 years of age. Howev-
er, in our case, the mutation was a homozygous deletion, which 
may have influenced a different clinical course of the disease. While 
RTD1 may be a transient disorder with a heterozygous mutation, 
further studies pertaining to the clinical courses are needed. 

Children with RFVT1 deficiency due to the heterozygous mu-
tation of SLC52A1 may be asymptomatic, but maternal RFVT1 

deficiency should be considered when a neonate has hyperam-
monemia, metabolic acidosis, or a convulsive history of unknown 
etiology. The neonate and the mother can be healthy if treated 
with proper supplementation of riboflavin. Children with RFVT1 
deficiency due to the homozygous variation of SLC52A1 can pres-
ent with hyperammonemic seizures and it is important for them to 
take sufficient riboflavin to control hyperammonemia, and in turn 
to be seizure-free with normal development. 
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Fig. 1. The droplet digital polymerase chain reaction results of exons 1 and 3 of SLC52A1. DNA concentrations of exon 1 in the (A) 
patient and (B) her father were approximately half of that of the control, and this is consistent with a heterozygous deletion. (C) The 
DNA concentration of exon 1 in her mother was equal to that of the control, which means that there was no deletion. (D) The DNA 
concentrations of exon 3 were 39.4 and 38.9 copies/μL in the patient and 228 and 228 copies/μL in the control, which is consistent with 
a homozygous deletion. (E) Her father's DNA concentration of exon 3 was approximately half of that of the control, which is consistent 
with a heterozygous deletion. (F) The DNA concentrations of exon 3 were 234 and 238 copies/μL for her mother and 305 and 288 copies/
μL for the control. These results may be due to the mosaic heterozygous deletion of exon 3, which may have affected the patient's 
homozygous deletion.
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