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A b s t r a c t

Biotin-thiamine-responsive basal ganglia disease is a severe form of a rare neurogenetic disorder caused by patho-
genic molecular variants in the thiamine transporter gene. Nowadays, a potentially effective treatment is known, 
therefore the early diagnosis is mandatory. The aim of the paper was to assess the contribution of neuropatholog-
ical and magnetic resonance imaging (MRI) studies to a proper diagnosis. We present the brain study of two Polish 
patients with SLC19A3 mutations, including (1) an infant with an intriguing “walnut” appearance of the brain autop-
sied many years before the discovery of the SLC19A3 defect, and (2) a one-year-old patient with clinical features 
of Leigh syndrome. In patient 2, biotin/thiamine responsiveness was not tested at the time of diagnosis and causal 
treatment started with one-year delay.
The central nervous system lesions found in the patients displayed almost clearly a specific pattern for SLC19A3 
defect, as previously proposed in diagnostic criteria. Our study presents a detailed description of neuropathological 
and MRI findings of both patients.
We confirm that the autopsy and/or MRI of the brain is sufficient to qualify a patient with an unknown neuropatho-
logical disorder directly for SLC19A3 mutations testing and a prompt trial of specific treatment.
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Introduction

A  neurogenetic disorder related to homozygous 
or compound heterozygous mutations in the SLC19A3 

gene was firstly described in 2005 [7] and is known 
by two acronyms: BBGD (biotin-responsive basal gan-
glia disease) and BTRBGD (biotin-thiamine-respon-
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sive basal ganglia disease). Since its discovery, almost 
a hundred patients have been reported, mainly from 
Saudi Arabia [2], but also from Japan, Lebanon, Mex-
ico, Sweden and other countries. The natural history 
of the condition is quite well recognized, pointing 
to a  remarkable clinical heterogeneity, even inside 
the same family and the wide range of severity and 
prognoses [6]. Recently this has been comprehen-
sively reviewed [1,2].

The distinctive feature of this rare disease is 
a potential effectiveness of the treatment with bio-
tin and thiamine in high doses [3,5,18]. Pathogenic 
variants in the SLC19A3 [NM_025243.3] coding for 
thiamine transporter 2 lead to a  decrease in the 
free-thiamine concentration in cells [10]. Brain imag-
ing most commonly shows a basal ganglia involve-
ment of Leigh-like syndrome type [4,5,15] and/or Wer-
nicke encephalopathy features resembling acquired 
vitamin B1 deficiency [7]. Progressive brain atrophy is 
a relatively common finding [15].

Although in the literature there are numer-
ous magnetic resonance imagining (MRI) series of 
SLC19A3 defect illustrating both specific changes 
in detail [6,17] and the response to specific treat-
ment [1,2], only few reports focus on brain pathol-
ogy in affected patients [15]. Herein, we present 
our unique autopsy findings (“walnut” appearance 
of the brain) in a Polish child who died many years 
ago, and in whom the underlying SLC19A3 homozy-
gous mutation has been recently established by WES 
(whole-exome sequencing). In the second Polish 
patient bearing other homozygous SLC19A3 variant 
we show brain MRI evolution before and after vita-
min B1/biotin administration. The treatment which 
started one year after the disease onset was not suf-
ficiently effective in this child. The aim of the paper 
was to focus on brain neuropathological findings.

Material and methods

Neuropathological characteristics of the brain 
of patients with SLC19A3 defect were analysed in 
detail to establish usefulness of diagnostic criteria 
proposed by van den Knaap et al. [6]. Two Polish 
patients with the SLC19A3 mutations identified out 
of 113 mitochondrial patients studied in The Chil-
dren’s Memorial Health Institute (CMHI) in the peri-
od of 1995-2016 [13] were included.

Routine methods were applied for autopsy study 
and MRI. 

The study was conducted according to the prin-
ciples of the Helsinki Declaration. The study protocol 
was approved by the CMHI Bioethics Commission. 
Informed parental consent was given for the study. 

Case reports

Patient 1 was born spontaneously, from the 3rd 
uncomplicated pregnancy, with the birth weight of 
4050 g; he obtained 8 points in Apgar score. His 
older sister was healthy, while his brother died at 
the age of six months due to an acute neurological 
deterioration. Autopsy was performed but it did not 
confirm clinically suspected meningitis, however 
focal cortical dysplasia was described in microsco
pic evaluation of post-mortem material (specimens 
not available for verification). The patient displayed 
global developmental delay, spastic tetraparesis, 
progressive microcephaly up to much below the 3rd 
centile (weight 25 c; height 97 c) and seizures since 
the 3rd month of life. 

At the age of 8 months, critical deterioration of 
the general health condition occurred. General brain 
atrophy was described in MRI (imaging documenta-
tion not available). Blood tests showed metabolic aci-
dosis (pH 7.328) accompanied by normal concentra-
tions of lactate (1.8 mmol/l) and alanine (242 µmol/l). 
Cerebrospinal aminoacidogram revealed increased 
threonine, decreased serine and normal alanine lev-
els. Classic organic acidurias, biotinidase deficiency, 
aminoacidopathies and lysosomal storage diseas-
es were excluded. The boy died with hypertension, 
hypothermia, prolonged coma, respiratory and car-
diac insufficiency at the age of 8 months, before 
the SLC19A3 gene discovery. Recently, whole exome 
sequencing has revealed homozygous SLC19A3 
c.74dupT (p.Ser26Leufs*19) mutation. Molecular 
analysis performed in his family confirmed parental 
inheritance of the identified variant [13].

Patient 2, a boy was born from the 3rd pregnan-
cy, in term (40 weeks of gestation), with a good clin-
ical status (4350 g; 10 Apgar score). The delivery was 
complicated by the collarbone fracture and transient 
hypoxia. The first pregnancy of the mother terminat-
ed with intrauterine foetal death. The healthy brother 
came from the second pregnancy. The patient was 
under neurological care in infancy due to inappro-
priate muscle tension, however his motor develop-
ment was normal. He sat alone between the 7th-8th 
month of age, stood and walked with support in the 
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10th month. He started saying his first words on time. 
At the 12th month of age he stumbled and fell when 
teething and stopped walking due to hypotonia.  
The brain MRI revealed basal ganglia changes and 
diagnosis of Leigh syndrome (LS) was established. 
Blood and CSF concentrations of lactate were at 
the upper control range (2.3 and 1.7 mmol/l, respec-
tively), biotinidase deficiency was excluded. In the 
following year, regression in the boy’s development 
was observed, his emotional contact with parents 
decreased, he stopped standing up and crawled 
on all fours. Muscle biopsy revealed mitochondrial 
complex I deficiency (2.8% of normal value). Further 
deterioration was observed. This included a complete 
loss of contact, choking, axial hypotonia with limb 
hypertonia, strong reflexes, feeding problems requir-
ing a gastric tube and then percutaneous endoscop-
ic gastrostomy (PEG) implantation. Molecular search 
for the most common LS causative mutations in the 
SURF1, MTATP6, MTTL1, POLG, SCO2 and MTFMT was 
negative. At the age of 22 months, a proper diagno-
sis of BTRBGD associated with SLC19A3 homozygous 
c.68G>T (p.Gly23Val) mutation was established by 
WES [13]. A  heterozygous pattern was found in his 
parents. Vitamin B1 and biotin were administered 
one year after the onset of the disease, in high doses 
of 200 mg and 5 mg daily (and 300 mg and 10 mg 
since the age of 4). At the start of treatment the boy 
demonstrated tetraparesis and severe extrapyrami-

dal syndrome with dystonia and sleep-wake phase 
reversal. Development of brain atrophy was found 
on second MRI performed two months later. No clear 
clinical improvement was observed during the vitamin 
supplementation, but the disease course was without 
further regression and without exacerbation episodes. 
Now, at the age of 4, his clinical status is stable, depen-
dent on the type of anticonvulsant treatment with the 
best response to valproic acid administration (and its 
good tolerance). Recently, on ketogenic diet, the boy is 
quieter, has less tensions (spasms) and longer sleep.

Results

The neuropathological abnormalities found in 
the patients related to the diagnostic criteria pro-
posed in the literature are shown in Table I. Repeat-
ability of all assessed parameters indicates that the 
brain neuropathology may present a reliable basis to 
identify patients with SLC19A3 defect. The detailed 
findings of autopsy and MRI are described below.

Neuropathological findings on autopsy 
of patient 1 

Gross examination of formalin fixed brain revealed 
gyral atrophy of frontal, parietal and occipital lobes, 
as well as cerebellar hemispheres and vermis (Fig. 1).  
The degree of gyral atrophy appeared less pronounced 
in temporal lobes. External examination of the brain 

Table I. Topography of neuropathological changes in two patients with SLC19A3 mutations

Topography of changes (according to [3]) Patient 1 Patient 2

Method of assessment Autopsy MRI

Age of assessment 10 months 12 months/3 years

Stage of the disease at assessment End stage Acute/intermediate

Symmetric basal ganglia changes + +/+

Nucleus caudatus + ++/+

Putamen + ++/+

Globus pallidus + ++/+

Thalamus + ++/–

Cerebral white matter changes + ++/–

Subcortical + +/–

Central + –/–

With cortex involvement + +/–

Cerebellar white matter changes + –/–

With cortex involvement + –/–

Abnormalities in the pons + –/–

In midbrain + +/–

Atrophy of affected structures on follow-up Severe –/Severe
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stem structures, including pituitary gland and vascu-
lature, showed no virtual abnormalities. On coronal 
sections, cerebral and cerebellar cortex appeared to be 
atrophic in a diffuse manner. Subcortical white matter 
showed multiple areas of destruction and cavitation. 
The ventricular system was symmetrically widened. 
Basal ganglia showed multiple roughly symmetrical 
areas of pseudocystic destruction. Symmetrical foci 
of discoloration were found in mesencephalon in the 
vicinity of cerebral aqueduct, in the floor of the fourth 
ventricle and dorsal upper medullary region. Discol-
oration and tissue rarefaction and cavitation encom-
passed also cerebellar white matter, with accompany-
ing complete blurring of the dentate nuclei.

Microscopic neuropathological examination reveal
ed diffuse bilateral effacement of hemispheric cortical 
architecture (Fig. 2). Cortex damage included diffuse 
neuronal loss, pronounced astroglial gemistocytic 
reaction and focal massive spongiosis with nervous 
tissue destruction. 

Basal ganglia showed necrosis and calcification 
of multiple neurons with tissue destruction, as well 
as formation of cavities. Bilateral “Leigh-like” foci of 
capillary proliferation accompanied by gliosis, spon-
giosis, oedema and pseudocystic tissue destruction 
encompassed basal ganglia, periaqueductal mes-
encephalon, subependymal pontine and medullary 
areas, as well as cerebellar white matter.

A  striking pattern of damage was found in the 
cerebellar cortex. The most of gyral cerebellar cor-
tical areas showed almost a  total loss of neuronal 
elements. Both external and internal granular layers 
and Purkinje cells presented multiple areas of whole-
cell calcifications or complete cell body disappear-
ance. Diffuse areas of replacement glial proliferation 
occupied most of collapsed, atrophic gyral struc-
tures. Only some peripheral “apical” regions of gyri 
retained some preserved neuronal cortical elements, 
although also with signs of damage.

Olivary nuclei and spinal cord appeared to be rel-
atively well preserved.

Patient 2 – brain magnetic resonance 
examination 

Brain MR examination performed at the age of 
12 months, during the acute phase, demonstrated 
swelling of the basal ganglia with cystic degenera-
tion in both lenticular nuclei on T2-weighted imag-
es. Bilateral lesions in the crus cerebri, cortex and 
grey-white matter junction were seen in both cere-
bral hemispheres. The areas of the cytotoxic oede-
ma were recognized in the cortex and the parts of 
putamina (Figs. 3A-C). FLAIR image clearly demon-
strates cystic degeneration in both lenticular nuclei 
(Fig. 3D). Diffusion weighted image (Fig. 3E) and ADC 

Fig. 1. A) Brain, coronal section showing cortical atrophy, subcortical white matter shrinkage and cavitation, 
as well as bilateral basal ganglia discoloration and pseudocystic transformation. B) Brain stem, pons. Sym-
metrical discoloration of subventricular areas. C) Cerebellum with cortical atrophy and subcortical tissue 
damage. See corresponding histological findings in Figure 2 (areas indicated by circles).

A B

C
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map (Fig. 3F) show an increased signal representing 
vasogenic oedema with multiple areas of restriction 
diffusion suggesting cytotoxic oedema (Fig. 3F) at 
both putamen. 

Follow-up MR examination at the age of 3 (Fig. 4)  
revealed generalized infra- and supratentorial cor-
tical and subcortical atrophy (Figs. 4A-D). The sig-
nal of both thalami and cerebral cortex normalized.  
An abnormal signal of the atrophic basal ganglia is 
decreased and the size of cystic lesions are dimin-
ished (Figs. 4A-C). Interestingly, in contrast to patient 1, 
the cerebellar cortex showed no detectable atrophic 
changes.

Discussion

In both studied cases, the diagnosis of SLC19A3 
defect was established too late to reliably check the 

effectiveness of biotin/thiamine administration. Intri
guing specificity of brain morphology of “walnut pat-
tern” [8] found at autopsy in patient 1 was the cause 
of the return to investigation after years, with the 
advent of the whole exome sequencing, which final-
ly unravelled the disease cause. In patient 2, Leigh 
syndrome was diagnosed by MRI at onset (in 2013) 
but SLC19A3 defect was not considered and therefore 
biotin/thiamine administration was not tested then. 
After establishing molecular diagnosis of SLC19A3 
defect, the first MRI was re-assessed and found typi-
cal of BTRBGD.

In 2013, the research team of van den Knaap 
identified a distinct MRI pattern [6] in seven patients 
with lethal leukoencephalopathy (out of more than 
3000 MRIs). Using WES technology they linked this 
condition to SLC19A3 mutations. The pattern includ-

Fig. 2. Central nervous system autopsy material, paraffin sections stained with hematoxylin and eosin.  
A) Cerebral cortical and subcortical damage. Original magnification 100×. B) Basal ganglia lesions. Origi-
nal magnification 200×. C) Brain stem (pons). Leigh-like subependymal focus. Original magnification 40×.  
D) Cerebellar cortex atrophy. Original magnification 100×. Detailed description in the text.

A

C

B

D
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ed: “(i) bilateral signal abnormalities of the nucleus 
caudatus, putamen, globus pallidus and thalamus; 
(ii) extensive signal abnormalities of the subcortical 
and central cerebral white matter and the cerebral 

cortex; (iii) diffuse signal abnormalities of the cere-
bellar white matter with or without involvement of 
the cortex; (iv) extensive signal abnormalities in the 
pons and midbrain; and (v) in the case of follow-up 

Fig. 4. Follow-up brain magnetic resonance at the age of 3 years. Generalized cortical and subcortical brain 
atrophy is seen (A-D). The signal of both thalami and cerebral cortex is normalized. Abnormal signal of the 
atrophic basal ganglia is decreased and the size of cystic lesions is diminished (A-C).

A B C D

Fig. 3. Brain magnetic resonance imaging at the age of 12 months, the acute phase. Axial T2-weighted images 
demonstrate a bilateral and symmetric increased signal of the head of the caudate nuclei, putamina, globus 
pallidi and medial parts of both thalami (A and D). Abnormal T2-hyperintensities of the cerebral cortex and 
grey-white matter junction in both cerebral hemispheres (B and C). Axial FLAIR image (D) clearly demon-
strates cystic degeneration of both lenticular nuclei. Diffusion weighted image (E) and ADC map (F) show an 
increased signal and represents vasogenic oedema with areas of restriction diffusion (F) suggesting cytotoxic 
oedema in parts of both putamina. 

A

D E F

B C
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MRIs, atrophy of affected structures” [6]. Acute, post-
acute, intermediate and end stage of the disease 
were specified in that study [6]. Up to now more 
than 75 patients were reported and natural history 
of the disease was presented in detail [10].

The clinical course of both presented patients 
demonstrated the most severe type of the SLC19A3 
defect. Neuropathological findings were in full accor-
dance with the diagnostic criteria (Table I) for the dis-
ease [6]. We have to emphasize that in both patients 
a mitochondrial disease in the form of Leigh disease 
was also expressed, with typical topography and typ-
ical histopathological features of capillary prolifera-
tion, gliosis, spongiosis, oedema and pseudocystic 
formation in the affected brain regions, as described 
first by David Leigh in 1954 [9]. 

Our detailed description of human brain histolo-
gy of SLC19A3 defect is the second report, after the 
first one [6], which showed almost the same neu-
ropathological damage pattern. Interestingly, there 
is also an animal model of the disease, studied in 
detail [16]. The dogs, Alaskan Huskies, demonstrated 
similar histological features to the affected humans. 
It included bilateral symmetrical, cavitary, malacic 
lesions in the thalamus, putamen, claustrum, junc-
tional grey and white matter in the cerebral cortex, 
brainstem and midline cerebellar vermis [9]. Impor-
tantly, an occurrence of some interspecies differenc-
es was noticed by the authors [16].

About twenty five mutations including these iden-
tified in our study have been reported until today in 
the SLC19A3 gene encoding a ubiquitously expressed 
human thiamine transporter 2 (hTHTR2). Most of 
them are missense/nonsense changes [HGMD Pro-
fessional 2016.4]. 

The c.74dupT variant found in patient 1 is predict-
ed to result in a frameshift starting at codon Ser26 
and premature termination of protein translation 
(Ser26Leufs*19). This mutation was reported twice 
[3,14] in the compound heterozygous state.

The c.68G>T variant identified in patient 2 in the 
homozygous state resulted in substitution of highly 
evolutionary conserved Gly23 into Val. It is a very rare 
variant as its minor allele frequency (MAF) reported 
in the Exome Aggregation Consortium (ExAC) data-
base is 0.000008. It was found up to now in three 
other families [6,10,12,19] including two with the 
same c.68G>T/c.68G>T genotype [19] as patient 2.  
One of them, Yemeni originated, presented first 
symptoms at the age of 12 months, just like our 

patient 2. The biotin supplementation was started 
immediately (in 4 days) and its effectiveness was 
very good [11,19]. The second reported patient with 
a  homozygous c.68G>T variant, of Spanish origin, 
presented with acute encephalopathy and lactic aci-
dosis during early infancy and also responded quick-
ly to the biotin/thiamine treatment [12], however, on 
the follow-up observation, brain necrotic changes 
and cerebral atrophy developed in this patient.

In summary, our observation confirmed that 
morphological characteristics of the brain (autopsy 
or MRI) are quite specific to suspect BTRBGD and 
to start a  cascade family study and/or test of bio-
tin/thiamine administration immediately, before the 
final molecular identification of SLC19A3 defect.
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