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Case Report 

An unusually mild case of biotin-thiamine-responsive basal ganglia disease 
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A B S T R A C T   

Background: Biotin-Thiamine-Responsive Basal Ganglia Disease (BTBGD) is a treatable neurometabolic condition 
associated with pathogenic variants in the SLC19A3 gene. The classical childhood-onset phenotype presents at a 
mean age of 4 years, ranging from birth to 12 years. These patients present with subacute encephalopathy, 
dysarthria, dysphagia, dystonia, external ophthalmoplegia, seizures, quadriparesis, and even death. Chronically, 
an MRI brain reveals atrophy and necrosis of the basal ganglia. 
Case report: A 16-year-old girl presented in the context of pneumonia with gradual-onset, slowly progressive 
neurological symptoms. These initial symptoms self-resolved, without treatment with biotin or thiamine, though 
she had persistent concerns with her writing and memory. MRI brain noted bilateral abnormal signals in the 
basal ganglia, involving the head and body of the caudate nuclei and the putamen. Whole-exome sequencing 
(WES) revealed homozygosity for a likely pathogenic variant in the SLC19A3 gene, c.517A > G (p.N173D). Her 
residual neurological symptoms resolved with biotin and thiamine treatment, with the exception of ongoing 
memory concerns. 
Conclusion: We describe a patient presenting with an atypical form of the classical childhood-onset phenotype of 
BTBGD. Our case emphasizes that BTBGD is a condition that should be considered as a potential diagnosis in all 
children, including older children, presenting with the new onset of even minor neurological deficits in the 
context of illness. It highlights the importance of brain MRI and WES in identifying patients with atypical 
presentations.   

1. Case 

Our patient was first seen in our Metabolic Genetics clinic as a 16- 
year-old girl. She was referred in the context of being previously very 
healthy, with no clinical concerns until 6 months prior to her appoint-
ment. Her pregnancy, delivery, neonatal, and early childhood histories 
were reviewed and were unremarkable for any notable clinical concerns. 
She was born following an uncomplicated pregnancy, at term, via repeat 
cesarean section. The delivery was uncomplicated, and her newborn 
screening was negative. Her past medical history was unremarkable for 
any overnight hospitalizations, concussions, seizures including febrile 
seizures, or intracranial infections. She had no history of developmental 
delays or regressions. She was a straight-A student. She was the product 
of a non-consanguineous union between healthy parents of Indian 
descent, with a healthy elder sibling and a healthy younger sibling. A 
review of her family history was negative for any concerns for devel-
opmental delays, significant childhood illnesses, early or unexplained 
deaths, neurological concerns, or known or suspected genetic diagnoses. 

She first came to medical attention when she presented to her pri-
mary care physician with symptoms of a lower respiratory tract infection 
and was diagnosed with pneumonia. She was treated with a 5-day course 
of oral antibiotics. On the 6th day of her illness, she had an episode of 
emesis after having breakfast. She had no associated abdominal pain, 
diarrhea, or headache. She went to school that day and was able to 
perform well, but noticed visual blurriness exacerbated by movement. 
She then developed a dizzy sensation towards the end of the school day. 
She had no syncope, altered level of consciousness, motor or sensory 
dysfunction of the limbs, or changes in speech pattern. The following 
day, her dizziness subsided, but she had increasing episodes of visual 
blurriness. These were particularly on the right side, and episodic, when 
she walked or read. She was able to complete her activities of daily living 
well, despite the blurriness. There was no associated visual loss or 
diplopia. These episodes ceased entirely after approximately 2 weeks. 
Following these, the patient noticed a heaviness of her eyelids nearing 
the end of the day, with an associated difficulty opening her eyes. She 
had no associated diplopia, bulbar or oro-motor symptoms, focal 
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weakness, generalized weakness, or fatiguability. These symptoms also 
resolved after approximately 2 weeks. Along with the aforementioned 
symptoms, the patient had increased fatigue, difficulty focusing and 
concentrating at school, and a mild headache behind her eyes. She 
missed her morning classes during this period, as she felt she needed 
extra sleep. 

Following the cessation of the above-noted symptoms, she noticed 
the onset of restlessness in her legs when sitting for prolonged periods of 
time, and when trying to fall asleep. Associated with this, she had a 
painful heaviness or pressure from her thighs to the entirety of the soles 
of her feet, circumferentially. For the first 48 h after she first noticed 
these symptoms, she had paresthesia over the soles of her feet, at times 
up to the level of her knees bilaterally, more so on the right side than the 
left. She also had paresthesia over the entirety of the palmar aspect of 
her hands. The restlessness of her legs and the paresthesia improved 
after about a month. She reported no associated dysarthria, tremor, 
dystonia, encephalopathy, or cognitive regression. 

As part of her initial work-up, the patient had magnetic resonance 
imaging (MRI) done of her brain. The imaging, performed approxi-
mately two months after her initial presentation at a community hos-
pital, revealed bilateral, symmetric basal ganglia infarcts involving the 
caudate body, caudate head, and the anterior and posterior portions of 
the putamen. Little to no diffusion restriction was seen. It was felt that 
the basal ganglia infarcts appeared more subacute to chronic, versus 
acute, in nature. Upon her referral to a neurologist shortly after her MRI 
was done, she was found to have an unremarkable physical examination, 
with no focal motor or sensory deficits, no extrapyramidal signs, and no 
systemic symptoms or signs to suggest a specific etiology for her pre-
sentation. An extensive work-up was arranged, which was 

unremarkable. This included plasma amino acids indicating only a 
mildly elevated glutamine level, with normal ammonium, vitamin B12 
level, and transaminases. Normal lactate of 1.0 mmol/L (reference 
0.6–2.4 mmol/L) was noted, as well as normal uric acid, copper, caer-
uloplasmin, and urine organic acids. 

A repeat MRI brain (Fig. 1) was urgently arranged at The Hospital for 
Sick Children and was performed approximately one month after the 
initial study. There was, again, a note made of bilateral abnormal signal 
in the basal ganglia, predominantly involving the head and body of the 
caudate nuclei and putamen. Some central necrosis or cystic change was 
also noted. It was suspected that there was bilateral volume loss of the 
putamen. The differential diagnosis was felt to include metabolic etiol-
ogies (including mitochondrial disorders), toxic exposures, and remote 
injuries or insults, including previous infections that could predomi-
nantly affect the basal ganglia (including mycoplasma and influenza A). 

When the patient was seen in our clinic, she reported difficulties with 
her memory. She had difficulty with the recollection of names and 
explained that her difficulties with recall were making her homework 
take longer to complete. Despite these subjective deficits, the patient 
had no change in her overall academic performance, continuing to excel. 
The other symptoms she reported were that her writing was not as neat 
as it was prior to her illness and that it was more laborious than previ-
ously and sometimes painful. The patient was seen virtually due to the 
COVID-19 pandemic. While this did not allow for a physical examina-
tion to be performed, her history of writing difficulties was felt to be 
suspicious for dystonia. To better elucidate the underlying etiology of 
her persistent neurological deficits and MRI brain findings, clinical 
whole-exome sequencing (WES) was arranged. There was a significant 
delay in the patient having this testing done. 

Fig. 1. MRI brain performed 2 months after the initial presentation (a–d) and subsequent MRI brain 1 year after diagnosis and treatment (e–h). 
MRI of the brain performed 2 months following the onset of symptoms (a–d) revealed abnormal signal of the head and body of the caudate nuclei (arrows) and the 
putamen (open arrows) on T2 (a) and FLAIR (b) axial images. There was a subtly increased signal in these regions on DWI (c), with the ADC maps (not shown) 
suggesting T2 shine through (subacute to chronic) rather than acute diffusion restriction. There was no lactate shown on intermediate TE (d) or short TE single-voxel 
MRS (not shown). Sequential MRI performed 1 year after diagnosis and treatment (e–h) showed no change in T2 (e), FLAIR (f), or DWI (g) signal. There was no 
change in spectroscopy (h). 
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WES revealed homozygosity for a missense variant in exon 2 of the 
SLC19A3 gene (OMIM 606152), c.517A > G (p.N173D), inherited from 
her carrier parents. It was classified as likely pathogenic based on in 
silico analysis predicting a deleterious effect on protein structure/ 
function, lack of observation in large population cohorts, and lack of 
observation in homozygous state in controls. Additionally, it was 
described in a homozygous state in a patient with a very similar 
adolescent-onset phenotype of BTBGD in the literature [1]. Our patient's 
asymptomatic younger sibling was found to be a carrier for the familial 
variant. Her asymptomatic elder sibling was referred to their local ge-
netics clinic for testing and was reportedly unaffected. Our patient's 
clinical presentation and MRI findings were felt to be suggestive of 
(though atypical for) the metabolic disorder associated with pathogenic 
variants in SLC19A3, Biotin-Thiamine-Responsive Basal Ganglia Disease 
(BTBGD). Her genetic testing results were thus felt to be explanatory of 
her clinical presentation. 

As there was a delay in the testing being done, her diagnosis was 
made approximately a year and a half after her initial presentation. At 
this time, she was prescribed supplementation with biotin (20,000 μg 
daily, or a dose of approximately 0.4 mg/kg/day), and thiamine (600 mg 
daily, or a dose of approximately 12 mg/kg/day). It was explained to the 
patient that initiation of the biotin and thiamine supplementation could 
improve her persistent neurological symptoms, and that this would be a 
lifelong treatment. An emergency care plan was provided to the patient 
describing the treatment with increased and intravenous doses of thia-
mine during acute decompensations. 

Interestingly, at the time of her follow-up visit to review her genetic 
testing results, the patient reported having recently been infected with 
COVID-19 (SARS-CoV-2). She reported mild symptoms, coughing, fa-
tigue, headaches, and nasal congestion. She also had a history of mild 
encephalopathy, being somewhat disoriented for a few days during her 
illness. She had no associated dystonia, ataxia, seizures, ocular symp-
toms, facial palsy, or bulbar symptoms during this time. 

Outside of that period of illness, the patient reported improvements 
in her previously noted handwriting concerns, but not in her previously 
noted memory deficits. Despite the deficits persisting, she reported her 
academic performance was unchanged. She also reported a recurrence 
of nausea once or twice per week, with associated morning emesis and 
headaches on those days. Her physical examination at that time was 
unremarkable. 

At her follow-up visit a month after initiation of treatment, as ex-
pected, the patient reported resolution of the aforementioned residual 
symptoms. These had resolved within a few days of initiation of the 
biotin and thiamine. She reported a fine, low-amplitude, low-velocity 
tremor in her hands for a few days just prior to starting the supplements, 
and paresthesias in her fingers. These symptoms also resolved within a 
few days of biotin and thiamine initiation and did not recur thereafter. 
She still reported that her memory has not quite recovered completely. 
Her physical examination, once again, was unremarkable. A repeat MRI 
brain performed a year following diagnosis and treatment showed stable 
symmetric signal alteration in the basal ganglia predominantly 
involving the caudate and putamen with volume loss and areas of cystic 
change/necrosis. There were no acute diffusion abnormalities or new 
areas of signal change (Fig. 1). 

2. Discussion & conclusion 

BTBGD is a treatable neurometabolic condition associated with 
pathogenic variants in the autosomal-recessive SLC19A3 gene [2], as 
discovered by Zeng et al. This gene encodes for the thiamine transporter 
2 (hTHTR2), through which thiamine enters the cytosol and is converted 
into thiamine pyrophosphate (its active form) by thiamine pyrophos-
phokinase 1 [3]. This condition was first described by Ozand et al., and 
at this time, there have been more than 100 patients reported world-
wide. Most of these patients have been reported in Saudi Arabia [3]. This 
condition is treated with the chronic and acute supplementation of 

biotin and thiamine. Administration early in the disease course results in 
complete clinical improvement, within days [2]. 

The clinical phenotype of this disorder is heterogenous, with 3 main 
phenotypes differing in their age of onset. The first is the classical 
childhood-onset phenotype, with a mean age of presentation of 4 years, 
but ranging from birth to 12 years of age [4]. These patients are known 
to present with a subacute encephalopathy, with associated dysarthria 
and dysphagia, Occasionally, they present with a supranuclear facial 
nerve palsy, external ophthalmoplegia, and progression to cogwheel 
rigidity, dystonia, seizures, quadriparesis, and sometimes even death. 
MRI of the brain in these patients shows, in acute crises, increased T2 
signal with swelling in the basal ganglia (caudate and putamen), and 
diffuse swelling of the cortical and subcortical white matter and infra-
tentorial brain. Chronically, brain MRI reveals atrophy and necrosis of 
the basal ganglia (caudate and putamen) [2]. The second major 
phenotype is an early-infantile, Leigh-like presentation, or an atypical 
infantile spasms-type presentation [3,5]. The third major phenotype is 
adult-onset, Wernicke's-like encephalopathy. This has been described in 
2 adult male patients from Japan [6]. 

Wang et al. reviewed a total of 159 patients with BTBGD, in 40 re-
ports published worldwide. They found that out of the 146 not excluded 
from their analysis, 101 (69.2%) were diagnosed with the classical, 
childhood-onset phenotype, 41 (28.1%) with more severe phenotypes 
including the early-infantile, Leigh-like presentation, and the atypical 
infantile spasms-type presentation, and 2 patients (1.4%) were diag-
nosed with the adult-onset, Wernicke's-like encephalopathy. Addition-
ally, 1 patient was noted to be asymptomatic, and 1 to be presenting 
with a non-specific developmental delay [5]. 

The classical, childhood-onset phenotype of BTBGD has a mean onset 
of 4 years of age, with an age of onset ranging from birth to age 12 years 
[5]. In this case report, we describe the initial onset of clinical symptoms 
in a 16-year-old, with her first presentation occurring at a much later age 
than the majority of patients sharing her clinical phenotype. Pheno-
typically, while she fits best in the classical childhood-onset category of 
patients, she presented with relatively mild, slowly progressive neuro-
logical symptoms. Interestingly, her acute-phase symptoms self- 
resolved, rather than acutely worsening, despite a delay in diagnosis 
and treatment. 

Maney et al. recently described a case of BTBGD diagnosed very early 
in a 2-month-old infant [8]. Our case emphasizes that BTBGD is a con-
dition that can present with a milder, later-onset phenotype, further 
adding to the understanding of the disease spectrum. 

Finally, our case adds to the knowledge of how this disorder may 
present in the context of COVID-19 infections. Al-Anezi et al. recently 
described BTBGD presenting for the first time in a patient with an acute 
COVID-19 infection. Their report described a progressive, acute en-
cephalopathy in a 2-year-old child with a severe acute COVID-19 
infection [7]. Our patient presented with relatively minor infectious 
symptoms in the context of her acute COVID-19 infection, and experi-
enced relatively minor symptoms of subacute encephalopathy. 

Since BTBGD is a treatable disorder with excellent treatment out-
comes [2], it is not a diagnosis that clinicians can afford to miss. It 
should be considered as a potential diagnosis in all children, including 
older children, presenting with new-onset neurological deficits in the 
context of illness and basal ganglia disease on brain MRI. Our case also 
emphasizes that this diagnosis should be considered in patients with 
relatively minor neurological deficits, rather than the classically 
described presentation with subacute encephalopathy and associated 
movement disorder and seizures [3]. Finally, our case highlights the 
importance of MRI of the brain and WES in identifying atypical pre-
sentations of neurometabolic conditions like BTBGD in patients with 
persistent mild neurological complaints. 

Notes on patient consent 

Written, informed consent was obtained from the patient for 
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publication of this case report, and any accompanying images. 
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